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Résumé o ' \

-Un modéle a haute résolution des biozonations du
Cénozoigque est dévelopé en utiiisant un ensemble de données
intégré compfenant les derniéres apparitions de foraminiféres
et de palynomorphes. Les biozonations sont &tablies en
utilisant les algorithmes informatiques d'un mcdele
d'ordination et d'échelonement appelé RASC (Ranking And
SCaling). La séquence des événements, telle que publiée dans
la littérature, et la séquence d'échelonement de ﬁAsc
indiqueﬁt un coefficient de correlétion de rang qui est
statistiquement signifiﬁatif. La séquence d'échelonement de
"RASC est convertie en échelle chronologique ﬁumérique en
utilisant 1l'age postulé d'un scus-ensemble des événements.
Les ages des margueurs lithologiques, tel gue mesurés gue
cette échelle, correspondent a8 ceux publiés dans la

littérature.

Une analyse de correspondance de cet ensemble de données
révéle que la latitude des puits de forage est la source
principale de tendance. Ltinterprétation des scores de
l'analyse de cofrespondance, dans le contexte des bilozonations
RASC, fournit de précieux indices au sujet de 1la
paléécirculation. En se basant sur les scores d'analyse de

correspondance, le commencement du courrant du Labrador est
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établit au début de la zone RASC X (fin Mioc2ne). De manidre &
semblable, les.scores et la distribution des événements de 14
zone RASC II (début Eocéne) suggérent le début de la .période
du réchaufément'climatiQue et d'un courant de 1'éguateur.

u
L'analyse des distributions des fréquences montre que les

éveénements n'ont pas des variances égales et fournit des
estimés pour ces derniéres. Dans une prémiére‘application de
RASC, pour cetie analyse, les v;}iances des é;énements ont été
supposées égales puisqu'il n'est pas possible d'évaluer les
variances et la distance entre les événements simultanément.
Wprés la premlére application de RASC, les distribﬁtfoﬁs des
.fréquences'sont éstimées en calculant la différence entre les
positions atte%dd%s et observées des événements dan; un
graphique de la séquence RASC versus le rang des événéments_
dang les puits de forage. Cette méthode fournit de bons
estimés des distributions des fréquences puisque la var?ance
conjointe est de ©2 = 0.48 comparée a g2 = 0.50 tel qu'assigné
dans le modélé RASC. Ces estimés de variances sont .
réintroduits dans RASC puis’recalculés., Les solutions
stabilisent aprés la quatriéme application de RASC. Des
déviations systématiques sont observées -au début et a la fin
de 1la séqgence d'échelonement. -Elles-sont probablement

reliées a'des problémes d'échantillonage dahs ces sections de

quelques pults. Les distributions des frégquences servent



d'indiquateurs de la valeur des événements comme margueurs

blostratigraphiques et de lgur.synchronéité.

‘ La yaria;ipn du parametre de 1arva1eur.z maxiﬁale { AAA)
n*a aucun effet significatif sur le rang des événements dans
. la séquence d'échelonement. Généralement, la lbnéazhr.de'la
séquence augmeﬁte avec une augmentation de AAA. La variation
"de ce paramétre produit de plus grandes fluctuations dans |
1'échelonemeht du début et de la fin de la séquence et dans
les zones constraintes par des discordances; oll quelques
microfossiles pedbent étre reptravaillés. Ces résultats sont

consistents avec les déviations observées dans l'analyse des

distributions des.fréqgquences.

Les techniqueg de correlations.objectives du modéle CASC
{Correlation And SCaliﬁg.inftime) fournissent Hes correlations
de biézones et d'ilsochrones é.travefs la région étudiée. CASC
est une méthode efficace de reconnaitre les profils
d'accumulation des sédiments. Les profondeurs des éﬁoques
Cénozoi&ﬁes, alnsi que déterminées par des méthodes
blostratigraphiques, moﬂtrent un haut degré dge correspon&encé
avec celles déterminées par CASC. Des déviations mineures
systématiques pras du haut et du bas de la séquence sont
semblables & celle décélées par l'analyse des distributiong

des fréquences.
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Abstract

A high-resolution-cenozoic bibzonation model is developed
using an integrated data set of last occurrences of
foraminifefs and palynomorphs, The biozonatlion is erected
using the RASC (Ranking Ahd SCaling) computer algorithms. The
sequential order of the events as published in the literature
and the RASC optimum sequence show a statisﬁically significant
rank-correlation coefficient. The RASC scaled sequence is
converted into a numerical time scale using the postulated

- el

ages of a subset of events. The positipn of lithological
W

markers in the RASC sequegﬁe and in the numerical time scale

<

corresponds to their assigned literature age.

The correspondence analysis (CA) technique'exposes the
latitudes of the wells a\ being the major source of trend in
the data set. The intérp"etation of CA scores in the context
of RASC biozones provides Qaluable insight into paleo-
circulation patterns. Baéed on CA event scores, the onset of
the Labrador current is suggested at the start oﬁ RASC zone X
{Late Miocene). Similarly, the scores and distribution of
events of zone II (Early Eocene) indicate the béginning of

<

warming period and of a northward current from the equator.

The: analysis of frequency distributions shows that events

do not have equal variances and provide an estimate .cf their
G
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| variance. In the first application of the‘RASCimodel‘for this

' %

events and the distance between them and the event variances

analysis, it is not possible to evaluate both the variance oi

are assumed to be equal. Aftér the first RASC run, the -
frequency distributions of events were measured by collectiné
the difféfences in observed and expected position of events
from spline-fitted plots of event seguences in we;ls'against

- the RASC séaled optimum-sequence. These measures provide a
good estimate of frequency distributions as in%icated by a
pooled variance of o2 = 0.48 compared; to the value of o2 =
0.50 assigned by the 1nitial RASC mddel. An iterative
p}ocedure of calculating standard deviation and inputing thém
into RASC shows stabilization of estimates after the fourth
RASC run. The frequency distributions show a systeﬁhtic
depaéture near the top and bottom.of the séaled'optimum
sequence. Tﬁese deviations are probably related to lack of
data in these sections of some wells. The freqﬁenby k\\bs
d}stributiéns also provide an indicator of the value of evenb

as markers and highlight reworked and diachronous events.

The variation of the maximum probit.parémeter {AAA) in
the RASC model has no significant effect .on the rank of events
in the optimum sequence. The 1ehgth of the scaled sequence
generally increages with an increasing value of AAA. Varying

.this parameter produces greater fluctuations in‘scaling near
the top and bottom of scaled sequénces and in zones bounded by

?

- -
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marked unconformipies or disconformities where a'féw
miérOfossils may ﬁéve'been reworked or caved-in. These

-

results are consistent with the deviations observed in the

-

frequency distribution study.

The ohjective correlation technigue of the CASC modei
({Correlation And ScCaling in time) provides correlations of
biozones and isochrqns through the wells of the gFudy area.

-

It is an éffective method of i@entifying pattérns oﬂ sediment
accumulations. Biqs;ratigraphically determined Cenozoic epoch
boundaries show good agréement with the c?rresponding CASC
estimated depths. Minor deviations between the two estimates
reflect tﬁe systématic deviations near the top and bottom of

the scaled optimum sequence simillar to those observed in

frequency distribution results.
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wells. The time lines are chosen at 5 Ma
intervals, from 5 Ma to 60 Ma B.P..
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Isochron correlation chart of the Grand Banks
wells. The time lines are chosen at 5 Ma . __ ;
intervals, from 5 Ma to 60 Ma B.P.. ‘\

p
Plot the CASC estimated epoch boundary depths

" versus the biostratigraphically estimated ones.

The straight line represent the perfect :
correlation line with a slope of 1. The squares
and circles represent the comparison of CASC
depths with foraminifer and palynomorph derived
depth estimates, respectively .

. f{a): Theoretical age-depth curve. The number 1

identifies the perfect correlation line.

(b): Theoretical age-dépth curve using
underestimated ages values. The resulting
curve 2, exhibits overestimated depths of-time
lines. i

(¢): Theoretical age-depth curve using /
overestimated ages values. The resultﬁng
curve 3, exhibits underestimated depths of
time lines.

(d}): Theoretical age versus RASC distance curve.
For the ages_to be overestimated, either the
RASC distances are underestimated or the
biostratigraphic age assignments are wrong.
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1. Introduction

1.1 Quantitative biostratigraphic analysis.

Purpose of the study R v

The first ogjqctiye of this study is to apply the ranking.
and scaling (RASC) model to an integfated hicostratigraphic
:/-aata set of palynomorphs and foraminifers. Throughout this >
I experiment, the effects of data integration on the resolution
of RASC biozonations can be evaluated and a higher resolution

Cenozoilc biostratigraphic model sheould result.

The second step of this study is to build a
ch;onostratigraphic numerical time scale from the integrated
biozonation scheme. Both foraminiferal and palynomorph index
species are used to calibrate the éAsc sequence into a

numerical time scale.

b
The chronoétratigraphic scheme 1in conjunction with the
well data allows objective correlation of zones and of
isochrons, from well to well. These correlations are built :;/ﬁ
using a model named CASC (Correlation And SCaling in time). L*\T:>
- Isochrons and RASC bilozones are traced between the wells of

the study area and general patterns in the sediment

accumulation rates are determined. v
» .
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The integrated data set is studied by correspondence_
analysis to identify paleoceanographic patterns in different
zones. Results are interpreted in the context of the RASC

biozomations.

The normality of the distribufion of‘spécies'extinctions
(events) constitutes a basic premise of the RASC model. This
éssumption 15 tested by estimating the frequency distributions
of events. These measures allow the cglculation of the
standard deviations of events and provide a way to refine the

RASC model.

The robustness of the RASC model, with respect .to the
critical probit value, i1s tested. The value of this input
parameter is varied and the ranked and scaled positions of

-~ a

event in the resdlting sequences are evaluated. The

differential scaling of segments of these seqguences also is A
examined.
1.2 Previous work
& Y

The ranking and scaling model was developed by Gradstein ———___

T —

and Agterberg (1982) (also see Agterberg and Nel 1982a, 1982b
and Heller et al. 1983, 1985). The RASC model was applied to

Cenozoic foraminifers of the Northwest Atlantic by Gradstein



and Agterberg (1982), Gradstein {1985), Gradstein et al.

(1988a,1988b, in press); it also was applied to Mesozoilc
foraminifers of the same area by Williamson {1987) and to
dinoflagellates and foraminifers of the Canadian Atlantic

Margin by D'Iorio (1986, 1987).

The CASC model was devéloped by Agterberg and Gradstein
(1983) (also see Agterberg 1983, Gradstein and Agterberg 1985,
Agterberg et al. 1985, and Agterberg and Gradstein 1988).
Published applications of CASC are restricted to the Northwest
Atlantic; moré specifically: the Late Jurassic and Early
Cretaceous, (williaméon and Agterberg, 1988) and the Cenozoic
{Gradstein andlAgterberg 1985, D'Iorio 1987 and Gradstein et

al. 1988a, 1988b, in press).

Y

The correspondence analysis computer programme used in
this study was published by Gauch {1982). Specific
applications of correspondence analysis in the context of RASC
biozonations were published by Bonham-C;rter et al. (1986)

and, in part, by D'Iorio (1987).

Finally, the technigque to evaluate frequency
distributions was developed and published by Agterberg and
D'Toxrio (1988) in an application on éenozdic foraminifers of -

the Labrador Shelf and Grand Banks.

———— .



1.3 Geological history of the Labrador sea

The Labrador Sea is an embayment of the Atlantic ocean
bounded to the west by Labrador and Baffin Island and to the
east by Greenland. The Labrador gea evolved from the
separation of Greenland and Eurasia by sea~floor spreading,
from Late Campanian to mid-Eocene time (Srivastava and
Tapscott, 1986). The opening of the'Labrador Sea 1s discussed
by van der Linden et al. (19876), Sclater et q;. (1977},
Srivastava (1978), Umpleb}'(1979), Gradstein and Srivastava
{1980), Grant (1980), Mc wﬁae (1981), Sfivastava (1986) and
mahy others. The following is a summary of the review by
Srivastava (1978}).

The opening of the La%réﬂor Sea 1s dated according to
magnetic Anomalies 20 to 3£/on either side of the now inactive
Labrador Sea ridge. Two distinct trends are apparent iﬁ these
Anomalies and reflect the major-pﬂases of the opening of the
North Atléntic. The first trend i1s represented by Anomalies
25 to 32. ;hey preceded the onset of tectonic activities on
the Reykjanes ridge. According to the geochronological scale
of Berggren et al. (1985), Anomaly 32 began at 74.0 Ma B.P.
and Anomaly 25 terminatafﬁﬁSSB.G Ma B.P.. This interval of
time represents the first phase of the opening of the Labrador

Sea at which time the Labrador Sea ridge was the mid-Atlantic



ridge. The secohd and final ﬁhase of the opening of the
Labrador Sea is recorded by Anomalies 50 to 24. These are
characterized by a éﬁagp angle that changes the direction of
"CFhe magnetic lineation from west northwest - east .southeast in
4€%ﬁé“Labrador Sea to north-south off the coast of Labrador.
‘This bending of Anomalies was first described by Vogt et al.
{1969}). It represents simultaneous sea-floor spreading in the

Labrador and Norwegilan Seas.

1.4 Cenozoic paleoceanographic circulation

N
An early seaway, favouring pélarward circulation,

probably caused.an incursion of Atlantic water as far north as
Baffin Bay frém'Danian time (Berggren and Hollister, 197{).
Other authors (cf. Sclater et al., 1977) favour a later anset
of the Atlantic-Arctic passage. The widening of the Labrador
Sea in Early to Middle Eocene time had made possible a strong
incursion of relatively warm Atlantic waters in the southern
Labrador Sea {Gradstein and Srivastava, 1980). This influence
tapered off from the Late Eocéne on.due to the presence of -

cooler Atlantic waters (Gradstein and Srivastava, 1980).

\
The onset of the Labrador current is postulated in Late

Miocene time (Gradstein and Srivastava, 1980).



1.5 Labrador Shelf Cenozoic lithostratigraphy

Throughout the Cenozpic, the Labrador shelf and Grand
Banks were passiﬁe margins. <Changes in depositional
environments can be accounted for by relative sea-level
changes.. These include subsidence history and related effects

such as variation in terrigenous sediment influx.
Q

The Cenozoic sedimentological conditions throughout the
Labrador Shelf were simiiar as there is no large diéparity in
new sediment availabilitf (van der Linden et al;, 1276) and a
shelf-wide current has existed in that area since the

Cretaceous (Gradsteln and Srivastava 1980).

-

A complete lithostratigraphical scheme for the lithology
of the Labrador Shelf was put forth by Umpleby in 1979; it was
reviewed by McWhae et al. in 19280. Their revision is based onr
the presence of traceable unconformities or seismic markers on
the Labrador shelf revealed by more seismic data and more well
control. The revisions affect mostly the nomenclature of the
formations and members and not their boundaries (see Figure
151). Baikwill (1987) provided the most updated description

of the Labrador Shelf lithostratigraphy.



Figure 1.1: Summary of the stratigraphic unité on the
Labrador shelf (irom Srivastava, 1986).
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. | _
Four formations are identified in the Ceno;;’ﬁ by McWhae
et al. 1980. This subdivision represented a refInement of the

tﬁo formations described by Umpleby (1979).
1.5.1 Cartwright Formation ‘ %

At the Cretaceous-Tertiary boundary, the Bylot

-unconformity is used to divide Umpleby's Cartwright Formétion‘
into the Markland (Cretaceous) and the restricted Cartwfight
{Cenozoic) Formations. The restFicted Cartwright Formation
ranges from Paleocene to Early Eocene time and parallels the
Labrador-southern Baffin shelves as an elongated'seawafd—
dipping prism (Balkwill, 1937). fhis formation consists of
medium to dark-grey mudstone grading to'light-grey splintery,
siliceous shale. The lower part of fhe formation includes
thin intervals of light-grey silt, very fine sand and grey-
brown to dark-brown micrite. The contacts with the underlying
Carbonifercus dolomit; and overlywing sand member are sharp
(Umpleby, 1979). Umpleby suggested that two sand members were
developed locally within the Cartwright Formation: the Freydis
Sand Member at the base anfgl the Gudrid Sand Member at the top.
Mcwhae et al. (1980), upgraded the status of the Gudrid Sand

Member to a formation.
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1.5.2 Gudrid Formation °

The Gudrid Formation consists of arkosic sand with an
abundant clay matrix. Clasts of rounded and frosted quartz
and nearly fresh feldspar occur in approximately equal
amoun£s. The upper part of this formation ié interpreted as a
distal turbidite with the characteris}ic Bouma sequence. The -
lower part of this formation has a continental character.
Poor sorting and its arkosic natpre suggest a lower delta
plain deposition. The sand is devolid of marine fbssils, but
palynomorphs suggest a Paleocene to earliest Eocene age 3

(Umpleby, ,1979). The Foraminifera of the overlying mudstone

support this hypothesis.

1.5.3 Kenamu Formation

N

This formation corresponds to the lower part of Umple;;TE\
(1979) Saglek Formation. The Kenamu Formation is shale
dominated and oversteps olde; Cenozolc strata landward,
resting up-dip from the cratohic moncocline on Precémbrian

basement (Balkwill, 1987). It disconformably overlies the



g | ~
Lo ' 11
Cartwright Formation and is bounded above by the Mokami
) \
Formation. It ranges from early Middle Eocene to Late Eocene.

Balkwill {1987) recognizes three informal members in the

Kenamu Formation. '

The "lower Kenamu" is upward-£fining and is made up of
slightly silty grey shaﬁes, containing early Eocene marine

fossils.

The "middle Kenamu" consists of lower and middle Eocene

marine shales, which coarsen upward to siltstone.

The "upper Kenamu" is mainly médﬁ uﬁ\of marine siltstone

that coarsen upwards, in parts of some basins, to coastal

sandstones.
Leif Sand Member f
This formal member was described by Umpleby (1979). It

consists of light brown-grey to white, fine-grained gquartzose
sand. Intervals show a mixed lithology where the sand is
scattered through the mqtrix. A visual estimate reveals the
compoesition to be'approximately 40% sand, 30% silt and 30%
mud. Palynology and foraminifers indicate a Late ‘Eocene agé
for this member. 1Its upper contact is sharp and corresponds

to a major log marker (Umpieby, 1979) .,

-~
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1.5.4 Mokami Formation

s

This formation is the middle subdivision of Umpleby's
Saglek Formation. It disconformably overlies the Kenamu,
Formation and 1s bounded above by the Beaufort unconformity.

It ranges from Oligocene to Late Mioceng( -

Across the superior boundary, the lithology changes from
a’partly consolidated, brownish, neritic claystone and soft
shale (Mokami Formation) to an unconsoli?ated, porous, white
brown to grey feldspathic to cherty sandstone (restricted

Saglek Formation) (Mcwhae et al., 1980).

1.5.5 saglef Formation

{

the Mokami and Kenamu Formabions. The Kenamu Formation

A late Eocene disconformity divides Saglek Formation into

comprises the Brown Mudsténe Qnd Leif Sand Members. The

Beaufort unconformity defings the top of the Mokami Formation
A}

and the lower boundary of the Saglek Formation.

. A,
The lower part of the Saglek Formation is defined as a

proximal, coarse-grained facies of an upper Oiigocene—Miocene

T



sequence. The upper Saglek sandstones are proximal facies of

rs

-

an upper Miocene-Plilocene sequence (Balkwill, 1987)?
1.6 Cenozoic lithostratigraphy of the Grand Banks

The lithostratigraphy Cenozoic of the Grand Banks is
simple as. only the Banquérau Fprmation is defined. It is
characteristically composed of marine shales which were
degosited as?the continuation of a major transgression which
extended from the Late Cretaceous to late Tertiary time
(Arthur e? al. 1982). Deep-wéter conditions prevailed

throughout this time interval (Arthur et al. 1982},

*
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2. Nature of data and computer-based data management

T

2.1 Introduction

In this study, data sets of different biological nature
are used simultaneously in a Quantitative biostratigraphic
analysis of the Cenozoic of the Labrador sShelf and Grand
Banks.3 The study is restricted to the Cenozoic section as its

emphasis lies in quantitative stratigraphic modeling rather

than in a complete geological description of the area.

¥ ’ N

i
L‘u
2.2 Data sets

The data set has two major constituents: the foraminifers
and the palynomorphs. The foréminiferal information was ‘
provided by F. M. Gradsteig of the Atlantic Geoscilence Centre
in Dartmouth, Nova Scotia.k The data were published as ﬁart_of
the Gfadstein-Thomas database (Gradstein et al., 1985, p.517-
520); Fhis material was -available in a format compatible with
the Régking Aﬁd SCaling (RAsSC) model input. The palywomorph

Nﬂihformation wWas ﬁrovided by G. M. Williams and 5. Barss, both

of the Atlantic Geoscience Centre. These data have been used
o b 4]
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in previous studies of the area (Barss et al. 1979) but have
not been published in their entirety. A third, minor part of

the data set contains seismic and lithological markers.

The study area, depicted in Figure 2.1, consists of the
Labrador Shelf and Grand Banks of the Canadian AQ}antic
Margin. Twenty three well sections were stﬁdied.
Foraminiferal data were provided for all wells but palynomorph
data were only available for 16 sections; Table 2.1 identifies
the wells and the type of stratigraphic ;nformation they

contain.
2.2.1 Nature of the foraminifers

The-fofaminifers {from the Latin foramen=hole and ferre=
to hear) are sinq;g—celled marine microorganisms that live
either on the bottom or float in the water column of oéeans
(Boersma, 1978, p.19). The following discussion of the
foraminifers ié based on Boersma (;978, p.-19-78) and on

Brazier {1980, p.90-121).

Foraminifers belong to the phylum Protozoa. Unicellular
or acellular organization is the single feature common to the
various members of this phylum which is divided further into

classes on the basis of the locomotor apparati. Because



Figure 2.1: Location map of the wells of the Labrador Shelf
and Grand Banks used in this study.

17
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“ Forami-] Paly§9¢ Seismic || Litho-
Wells nifers morphs markers || logical
‘//? . markers
—— 5—
Rut H-11 YES \ NO NO
Karlsefni H-13 YES YES X NO YES
Snorri J-90 YES YES NO YES
Herjolf M-92 YES YES NO YES
Bjarni H-81 YES YES NO YES
Gudrid H-55 . YES YES NO YES
Cartier D-70 - YES : YES NO YES
Indian Harbour M-52 YES YES NO NO
Leilf M-48 YES YES - NO YES ]
Leif E-38 YES YES NO NO
Freydis B-87 YES YES NO YES
Hare Bay E-21 YES NO NO NG
Blue H-28 YES NO ‘ NO NO
Bonavista C-99 YES YES NO NO
Cumberland B-55 YES YES NO NO
Bonanza M-71. ‘ YES NO NO NO
_Dominion 0-23 YES YES YES NO
~ south Tempest G-88 YES NO NO NO
Flying Foam I-13" YES YES YES NO
Adolphus D-50 YES NO YES NO
Hibernia P-15 YES NO YES NO
Egret K-36 YES YES YES NO
Osprey H-84 YES Q‘ YES NO NO

TABLE 2.1: Type of data avallable in the wells of the study area
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Foraminifera possess pseudopods and are non-flagellate, they
are pléced in the class Sarcodina. Most Foraminifera are
-distinguishable from other Sarcoginé by the possession of
mineralized shells. Table 2.2 shows the classification scheme

of foraminifers.

A living foraminiferid is a single-celled oféanism
differentiated into an outer laver of clear ectoplasm and an
inner laver of darkef endoplasm. The'ec;oplasm surrounds the
test and gives rise to filose or reticulose pseudopodia
responsible for the food intake and expulsion of debris. Thg
ehdoplasm occurs within the test and contains féod vacuoles

and the nucleus. . | ' *
i

b
The foraminifers are characterized by an alternation of a
gamont generation which reproduces sexually, and of a schizont
generation which reproduces asexually. This cycle may take

from one to two or more years to complete; asexual

reproduction prevails.

It is the composition and structure of the test that
usually determines the classification of the groups of
foraminifers. The érganic-walled forms belong to the Suborder
Allogromiina. The Suborder Textulariina comprises the forms
that have agglutinated tests. Finally, the Suborders
Milielina, Fusulinina, and Rotaliiné encompass the forms with

P
calcareous tests. The Miliolina have porcelaneous tests, the
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EORAMINIFERA

Kingdom Protista

- Phylum Sarcodina

Class Rhizopoda )
] Order Foraminiferida

RINOFLAGELLATES

Kingdom Protista
Division Pyrrhophyvta

Iclasses: Desmophyceae
Orders: Desmocapsales

Prorocentrale
Dinophyceae
. Orders: Gymnodiniales
Peridiniales
Dinophysiales
~ Ebriophyceae
Ellobiophyceae

s

Suborders : Allogromlina (encompasses 1 superfamily)
Textulariina (encompasses 2 superfamilies)
Fusulinina (encompasses 3 superfamilies)
Miliolina (encompasses 1 superfamily)
Rotaliina (encompasses 12 superfamilies)

1]

A k- ——— . o . ¢ W S et S M S R M W AR BAL Adf A At Ak b v e b et e e By e e mm e mm Em e e e e

" SPORES_AND POLLEN

Kingdom Plantae
Divisien Tracheophyta

Subdivisicons: Psilopsida
Lycopsida
Sphenopsida
Pteropsida

TABLE 2.2: Classification of foraminifers and palynomorphs

!



22

Fusulinina have tests of microgranular calcite whereas' the
Rotaliina have perforated walls of radial or granular hyaline

calcite.

Foraminiferél tests may possess one or more chambers.

" The spatial arrangement of the chambers is the determining
factbr for the'classification of the Super Families of
foraminifers. Further sﬁbﬂivision into genera and species can
be based on characteristics of the apertures and openinﬁs,

pores or ornamentations, and other characteristics.

Physical variables

a

Thé principal physical factor to affect the diversity and
abundance of both planktonic and bénthic foraminifers is water .
temperature. Benthic forms are more vulnerable to physical
variables. They are strongly inﬁluenced'by watermass and
substrate properties that are, to a consideréble‘extent,
cohtrolled by water depth, salinity, and temperature, but also

‘are affected by the facta}s that influence their food supply.
Such factors include upwelling current systems and light
1ntensity; the latter controls the rate of photosynthesis of
symbiotic algae; light intensity also is affected by
turbidity). Below the carbonate compensation depth (CCD)
andin basins with corrosive botton water, agglutinated benthic
forms prevail, resistant.to carbonate dissolution that affects

the calcareous benthics.
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LChemical yvariables

\
Foraminifers 'inhabit environments that have salinities

ranging from as low as 0.05 % to as high as 5.7 %. The
greatest diversity of species occurs for the more typical
open-ocean saliniﬁy values of approximately 3.5 %. Other
chemical vari’bles include alkalinlty and presence of trace

3
elements énd nutrlents

2.2.2 Foraminifers of the Cenozoic of the Labrador

Shelf and Grand Banks.

Both behthic and planktonic fofaminifers are used in this
q;udy. Because most of the well sections studied use well
cuttings, the last occurrence (LO) of the species.is the only
reliable information on the stratigraphic range. This study

uses LO events.

IThe editing of the foraminiferal data was minor as it was
available in RASC input forﬁat. There are 171 foraminiferal

events occurring 816 times in 23 different well sections.

The cumulative frequency of event occurrences in well
sections, for both foraminifers and palynomorphs is depicted

in Figure 2.2. This diagram was constlucted so that the



. o 28

Figure 2.2: Cumulative number of event oceurrences as a
function of the number of wells in which events
occur. The cumulative number of events

increases with the decrease in number of wells
in which events occur. '

a3,
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% .
cumulative number of occurrences in?reases while the number of
section&—in/which events cur decf%gg;;&?hgh Figure 2.2).
.The foraminifers are more iverqified than the palynomorphs
'%or species occurring in 7 or more sections. Thelr greater

horizontal distribution makes the foraminifers well suited for

a probabilistic study such as the present ocne.

There are several marker events in the data set that will
be used to convert arbitrary zonation scales to ngmerical time

scales. These will be examined in Chapter 3. . ﬂ\

2.2.3 Nature qf the dinoflagellates, spores and pollens

r~ [

-
The following discussion of the palynomorphs is based on

Williams (1978, p.' 293-326), Heuser (1978, p.327-340), and on

Brazier.(1980, p.21-29 and 58-77).

Dingflagellates

¥

The dinoflagellates are unicellular Biflagellate algae
that range in size from 5 um to 2mm. They constitute the

Division Pyrrhophyta (from the Greek pyrrhos=£flame-coloured,



and phyta=plants{ of the Algae. Mostw%orms are planktonic and

occur in both marine and frgapwater.environménts. A few forms

are marine sand-dwelling. Most dinoflagellates are

' e

autotrophic (COntain.chromatoﬁhores and carry out gz;
"photosynthesis) though,some are heter?}réiﬁic and #ed by

ingesting their food, \
- L a

The dinoflagellates—are clasg{fied furthé} into_four
clésses:.the Ebriophyceae, the Ellobiophyceae, the
Desmophycdeae, and the Dinqghyceae. The last two clasées
encompass 2 and 3 orders respectively. The three orders of
the Class Dinqphjceaa are. the only known dinoflagellates of

the fossil record. 'Table 2.2 shows the classificatian scheme

'of dinoflagellates.

Dinoflagellates are unicellular organisms in which the
protoylast consists of a'dense; outer region that harbours the
chromat ores and of an inner region that, where present,
contail the nucleus and vacuocles. There are two parts to the
dinoflagellate life cycle including a vegeta®ive stage and an
endocysted one. \They'form a major part of the ocean plankton
and play an predoﬁinant role in.the f?dd chain of the marine
realm. The dinocflagellates use flagellar locomotion to move
-to the surface at night and to greater depths during the day

when they must avoid the harmful ultra-violet rays:

A
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The dinoflagellates as a group, have a.ﬁide temperature
tolerance {1° to 35°C) with an optimum divefsity in the 18¢°
Eo 25 ecC raﬁge. Many‘dinoflagellates'have distributions that
parallél the 6cean temperature zones and may be used as
climatic indicators. Cefrtain genera occur in bdth fresh and

salt water although most dinoflagellates are marine.

f

"

./

c

Spores and pellen

In contrast té the other micrefossils used in this study,
spores and pollen are an allochthonous group, that is they are
not a marine group but the product of terrestrial vegetation.
They are incorporated in the marine geological record as
biogenic components of fine—grainéd detrital or terrigenous

marine sediments. r}

Spores and pollen belong to the Kihgdom Plantae, to the
Division Tracheophyta and to one the 4 subdivisions:
Psilopsida, Lycopsida, Sphenopsida, and Pteropsida (see Table

/
2.2). _ i v

Pollen grains constitute the male reproductive odies in

seed plants whereas spores are some of the earliest preserved

L]



remains of plants. Pollen grains raage'in size fro% 20 am to
80 ym, with rare forms less than 10 um and more than ”00 um.
Physical variables include shape, number and type of

apertures, sculpture, and wall structure.

The size of, 6 late Cenozoic spores comparss to that of
pollen grains; older spores may be as large as 2 mm. The
physical characterlstics of spores include the same vav%ableq

as those of pollen. o _ .

. Despite the lengthy and coﬁplex transport procesg, marine
pollen asséh?lages seem'to reflect the'vegetation'of the
provenance- area. The nature Qf the assemblages will depend on

the extent of area of perganent drainage.

2.2.4 Palynomorphs of the Cenozoic of the Labrador Shelf

and Grand éanks.

The palynomorph.data were provided as a-iisting of all
occurrences in 16 Labrador Shelf / Grand Banks wells. These
occurrences were coded using the Uhique Taxon Number‘(UTN)
system (five digit numberé). The data have to be recodedlto
accommodate the more compact, three digit, RASC format. In
order to recode the data, a listing of all possible \

palynomorph event names was first compiled. This ligtihg was

N
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numbered to sequentia;ly follbw the foraminiferal listing.
Once merged, the foraminiferal and palynomorph'liétings
constitute the RASC dictionary} it 1s listed in Appendix A
starting at page 300. Only the top (youngest) ogcurrences of
palynomorphs were included in the data set. Two data files
were prepared for each group of data. The first is-an
:ochrrénce file and the sécond a correspondiné depth file.

The recoding and the compilation of the palynomorph data files
were performed ménually; There are 265 different palynomorph

events occurring 1001 times in the 16 cffshore wells.

The cumulative frgqugncy of event occurrences in well
sections, for béth foréminifers and palynomorphs is depicted
in Figure 2.2. The distribution of palynomorﬁhs indicates
thaf there 1is & 1érge number of.specie?*that occur in few
wells and that the diversity falls rapidly with an increaéing
number of sections. The palynomorphs are more divérse than

the foraminifers when considering events that occur in 6

sections or less. o T

r

w./
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§
2.2.5 Other stratigraphic information of the Cenozoic on

the Labrador Shelf and Grand Banks

Several of the Labrador shelf wells contain useful
lithological information on the follpwing unilts! Main Sand
Member, Brown Mudstone Member, Gudrid Sand Member, Leif Sand
Member and Cartwright. Formation. The boundaries of these
units correspond to Umpleby's (1979) lithological description

"0of the Labrador shelf. Thriis information is valuable because
it provides a 1fthologigal contrdl of the biozonation scheme

derived in .this study.

Four distinct seismic events are identified in several

wells. These events are termed Seismic events #1 to #4.

2.2.6 Integrated data set *

—

¥

A computer progrémme was written to integrate the 1817

microfossil occurrences and cféate the RASC data and depth
files. This programme is listed'ip Aﬁpendix B at page 307.
Itywas written in EASIC on a Victor 9000 microcomputer at the
Bédford Institute of Oceénogr phy~in Dartmouth. The data

files were later transférred to the BER 730 mainframe

— o B

: )
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computer at the.miniétry of Energy, Mines and Resources in

L Ottawa.

A coﬁprehensive list 6f data was compiled where the
events, theilr depths, and dictionary.numbers were listed for
each well section. Because of the size of the data set, a
N .

BASIC progran was written to compile this list. The data are
listed in Appendix A. The computer programme DATALIST is
listed in Appendix En 'This programme was first written for

operation on the Victor 9000 computer but later waé adapted to

run on IBM PC/XT machines. v

2.3 Hardware

%\\\ _ 2.3.1 Computers

From the onset of the study, it was obvious that.most of
the computing would require a mainframe computer because of
the voluminous data set and of the myriads of matrix
operations required for the application of the RASC model.
The CY?ER 730 computer at the department of Energy, Mines and
Resources was used because several quantitative stpatigraphic

models were operational' on that system. However, most file
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manipulation was carried out on a microcbmputepfbecause sz
greater flexibility of its editing system. Because the
foraminifera; data set wés avallable oh thé Victor 9000
micrqéomputér in use at the Bedford Institute of Oéeanography,
it was convenient to use this machine for the data |
integration. All files and programmes léte; were transferred

to the IBM microcomputer system.

2.3.2 Output devices

The plotter used in this study is a Roland DXY-960. It

was interfaced with either an IBM PC/AT or an AT&T (IBM PC/XT

) N\
clone). It has a resolution of 2800 X 3600 pixels on 11 inch

by 17 inch paper.

DECORANA plots were sent to a laser printer connected to
the Energy, Mines and Rescources VAX computer. All other

printers used in this study were dot-matrix printers linked to

microcomputers.
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3. Ranking and scaling of biostratigraphic events

A
3.1 Introduction

The ranking and scaling model used in this stﬁdy was
developed.by Agterberg‘and Nel (1982a, 1982b) and Gradstein
and Agterberg (1982} in the framework of the Intefnational
'Geological Correlation Programme (IGCP) Project 148. This
project undertook to develop and test the mathematiéal theory
necessary for guantitative biostratigraphical-ana;ysis. The
organisation of this project was funded by the United Nation
Educational, SC;eneafiq and Cultural Organization (UNESCO).
Project 148 spanned &en years from 1976 to 1985 and, from
1979, was directed Qy Dr. F. Agterberd of the Geological

Survey of Canada.

~—

3.2 The philosophy of the Ranking And SCalind
-«

model(RAéc) -

The purpose of the model 1s to use biostratigraphic

occurrences from well sections to produce a regional
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biozonation scheme. The data used in this model are termed
events. Théy can be highést, lowest or peak odcurrences of
,fogsil species. E;ents also can represent litholoéical or
seismic markers. These events are extracted from selected
well sections from the stuay area. A list of all possible
events is compiled and sequentially numbered from 1. This
list is termed the dictionary. IE is used to numerically code
the data from thelaelf'segtions. For the purpose of RASC,
wells are coded from their stratigfaphic top downwards. hAfter
a ﬁreliminary phase of filter;ng to remove noisy data, the
model proceeds in two distinct steps. The first is the
ranking of évents. There are two methods for ranking. Both
result in the placing éf.events in their‘hveragé positions
relative to one another, producing a ranked sequence. The
second step in the model is the sca1£;; of the segquence. By

using frequenciles of crossovers between events from one well

to another, the scaling process assigns a statistical scale to

the ranked sequence producing the scaled optimuny sequence.

Events that are close statistically to Bne anether ciuster
together; these are intérpretable as fossil assemblage zones.
The scaled optimuﬁ seguence ;s plottéd as a dendrogram; the
distance betweén an évent and its neighbour 1is plottedr
horizontally so that clusters become more apparent. fThis

dendrogram is the regional biozonation. model produced by RASC.

RASC also provides several tests to'assess the normality of



individual well séqgehces vis-a-vis the scaled optimum

seguence, . :

3.2.1 Preliminary\filtering

f
- .
| The raw data consist of an ordered list of events for
each well sequence. The evenﬁs are arranged in orde? of
increasing depth. At the raw dafa stage, there are many
events that occur in only a few sections. These occurrences
are of little or no value in the compilation of the scaled
sequence bécause RASC 1s a probabilistic model. A cut-off
value allows theléQents that do neot occhr in a given nuﬁber of
well sections to be removed from the data set before the
calcglatiéns. Events that do not meet the filtering value but
that are of stratigraphic signifi:ance can'be reinserted in
the final scaled optimum sequence%by copsidering their

positions relative to their neighbours in the wells where they

occur.
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3.2.2 Ranking of events

The ranking of events can be accomplished by the modified
Hay method or by the presorting technique. Bpth methods vyield
equally acceptable results but presortiqg considerably

e
Pt

abbreviates the procedure.

After the filtering of efents, RASC places the remaining

——

events in a cumulative ordér matrix. Each column and
assoclated row correspond to an event. To simplify further
discussion; the event represented by row and-column 1 will be
referred to as event 1. By analyzing individua} weil
sequenced, a score of 1 is added to the value S45 éach time
event i occurs stratigraphically above event j'. When events i
agh j 8o-occur, a score of 0.5 is added to both sj4 and sjj.

A critical value CRIT1 sets the threshold number of comparison
for pairs of events to be considered in ranking. The s4{4 and

+

s5i values are zeroed when their sum is less than the CRITI
value; this sum corresponds to the number of times events i
and j occur in the same well sections. The ranking can

proceed, once the cumulative order matrix is established.
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IhewmQﬁifiedeay_methad_aimranking

AS opﬁosed to Hay's technique (1572), RASC considers
siﬁultaneous eVénts in the ranking procedure. 'Tﬁe ﬁg;'s
method consists of matrix permutation to maximize the values
in the upper right triangle of the cumulative order matrix.

By proceeding sequentially, changing j+1 from 1 to'n (Qhere n
is the total-number of events) for each row (represented by
1), the values sjj and s4ji are compared. Unless sjj is less
thaQQSji the comparison proceeds'ﬁy incrementing the value of
"4 ar i; otherwise the rows i amtj are interchanged, as are
the:eorresponding'columns} The comparison of values then is
started from the beginning of the fpw. The biggest time
expenditure in this method is the resclution of cyclag;/A:\\_/
cycle occurs when there is no consistent ranking solution; for
example, if event A occurs above event B which occurs above
event C which, in turn, occurs above event A. There are two
possible causes for cycling problems. The first is that the
cycling events occur in close stratigraphic proximity and that
their relative position are easily interchanged. The second
cause oflcycles is that the data may be too patchy or
insuffiéient to give a solution. When cycles occur, the
routine cannot progress any further in the nFnking of events.
To break cycles, the differencelin sij and sj4i values for the

cycling events is considered. The sj4 and sjj values are

4
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zeroed_for the pair of events that has the lowest difference.

R : b‘. -
The cycle 1s thereby broken and the comparison is resumed.

The final result of the modified Hay method is a ranked
sequence. This sAgquence corresponds to the order of events in

'.

the permuted cumulative order matrix.

L]

Rresorting option

By using the cumulative order matrix, simple scores can

evaluate the average position of events compared to others.
/ A simplified matrix A is derived in the folléwing way:
when s i > s j4 then aj§ = 1

when sj4 < sjji then ajj = 0
/

when Fij.= s41 and 1is differej;)from 0 then aj4 =

0.5 | J

The values in the A matrix are summed for each row.

The Rank Presort Number is determined as follows:

1%

(N-1) X (sum of aq) :
RPNj = ——--rmm e e {Eq. 3.1
(N-1) - by '
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where ; N is the number of events .

aj is the score in the A matrix in the ith column

of the row being studied (/

: by is the number of zeros in the ith row that

correspond to the situation where sj§ = sy = 0

Events are arranged in order of decreasing RPN and

constitute the ranked optimum sequence.

" Harper (4984) found the results of both ranking

3

techniques to be equallyestatistically satisfactory. The

time was to be preferred according to Harper.

3.2.3 Scaling

RS

The model scaies the ranked optimum sequence by.giving
statistical estimates of the distances between events using
the fréquen les of relative position inversions (crossbvefs)
between events in all wells. The scalé‘is statistical but

v :
parallel to the chronological scale. The scaled optimum

.t
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sequence is'plot;ed as a déndrogfém. ~In this type of diagram,
interevent.distance estimates are piotted horizontally {see
Figure 3.1); These events that occur cloée to one ancother
form diétinct'clusters._ Clusters are‘separated from one
another by larger interevent_distances; these may be referred -
to as.intercluster distances. Clusters are equivalent to
fossii assemblage zones and are interpreted as such; In fact,
both represent groups of fossils or events that occur in close

chronological proximity.

Scaling asgumptions

\/v\

- “The scaling of the ranked sequence is bhased on the four

/ following assumptlons {cf. Heller et al., 1985 p.12) X
i :

1: The frequencies of the positions xp (positioéé of
event A in differeny wells relative to an average position),
satisfy a normal random distribution for all events. The mean

isWdenoted as EXp, and the variance as g2 (Figure 3.2).

> '

/) 2: The frequency ¢f the distance between two positions
(Xg-Xp or dAB) also satisfies a normal ‘distribiution, written
as £(dpp), which has a mean of EXpg - EXp or 6pp and a variance

of 2 02, It is 6pp, the mean distance between two events, or
&



Distance between an event " Event name
and its neighbour

. 7 Event #2
3 .
4 Event # 3

, , 12 Event # 4
L | : § Event #5
i 3 Event #6
5 Event # 7%
7 Event #8
8 Event # 9

‘Eventfﬂl

1'3 1‘2 1'1 10(9 B 7 8 5 4 3 2 1'
Inter-event distances
- FIGURE 3.1: Example of a dendrogran: the distance.
between an event and its successor is plotted horizontally.

Events that occur close to one another form clusters.
Clusters are separated by larger intertevent distances.

-
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FIGURE 3.2: Distribution of event A, satisfying
assusption #1 of scaling. The mean of the
distribution is EX, and’ Its standard deviation ¢.

43

i



44

tﬁe distance between two events in the average sequence, that

RASC will estimate (Figure 3.3).

’ +.3: The statigtical probability of event A'occurring above

event B is equ
(Fap = Pap)-

probability that dap 1s greater than or
was the-p;obaﬁ%lity that dAB<waé lesser
then the parameters Spp and c?béould be

the z-value:

dAB :- GAB
Z = memms———e—- - (Eq
/
then: "
0 - 6am SaB
2 =S mmmmm—m——— = T emrrm———
o J2 o J2
\ A
\_._'__\-

Because it is known that zgp = =~zpg,

-=>--> &ppg = 0 J2.

equal to 0.

o the observed frequency of that situation

The probability Ppp is consequently also the

If Pam

than or equai to 0,

directly derived from

.2)

(Eg. 3.3)

it follows that:

(Eg. 3.4}



F(X,)  f(Xg)

Frequency

S

Figure 3.3: Illustration of assumption #2 of scaling: when
considering events A and B, the frequency of the
distance between two positions (xg-xp or dpg)
satisfies a normal distribution, written as
f(dpg), which has_a mean of EXp - EXp or &pp and
a variance of 2 g2. It is &pp,' the mean
distance bhetween the two events, or the distance
between two events in the average sequence, that
RASC will estimate.
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The z-balues are listed in statisiical tables for the
cumulatiVe standard normal distribution'expressed in
percentages (in this instance Ppgp) (see e.g., Hogg and Tanis,

1983). . '
I

4: The variance of all events ig(equal and preéet at 0.5.
; ‘' _ 3
The numerical value of ¢2 is of little importance as the scale
1s- arbitrary. This partichlar value was selected as it

simplifies calculations:

o V2 =1 --> zpg = 6pg (Eg. 3.5)

/,j ' v
/. . .

These assumptions are Qhe basis of the scaiing process

used in RASC. \

The first step in the scaling procedure is to build a new
matrix (F) where rows and columns represent the ranked
sequence. ' The values in the matrix are the crossover

fregquencies based on the values of the S matrix:

Fij = 545 / (814 + S41) (Eq. 3.6)
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The value Fiy represents the number of times evenﬁ 1°
‘occurs above event j divided by the number.of times events 1
and j.occur in the same well section. A new critical value is
introduced in the model at thik time. The CRIT2 value is the
threshold number of occurrence iq the same well sedtion, two
events must meet in order to be considered for scéling. The
CRIT2 value must be -'equal to or greater than.to the CRIT1

value because pairs of events not considered for ranking can

nots be considered for scaling. The new critical value.allows

the user more control over the scaling procedure.

The foliowing step in RASC is to calculate a Z maérix
containing the z values for pairs of eﬁents. ‘The z value for
the crossover of a pair of'events is readily calculated”
because tﬂe probability and standgfa deviation are known and a
nermal distribution for that situétion is assumed. The
calculations in the algorithm are based on Abraﬁowitz and

Stegun (1964).

The z value represe;ts a statistical distance between
events. When the probability of crossover between events is
50 %, the z value is 0; this stands to reason because it is
not’ known which event occurs above the other. When an event
always occurs above another, the z value is infinity. This
situation creates problems in calculations. A critical value,
AAA, is introduced as a remedy. When the crossover frequency

of two events i and j is Fij = 1.0 (i.e., event is always
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occurs above event j), then the corresponding z-value iq set
equal to AAA. This value is set by the user, but usually is
<@§§en to correspond to\a P wvalue of 95 % (i.e., the

(brobability of finding event 1 above event j is 0.95). )

Direct and.indirect distance._estimates

The zpp value represents the direct distance estimate for
events A and B. Such direct estimates can be considered as
imprecise because the events A and B‘%f not occur frequently
in the same section. Furtheimors, Lie 7 wabtia ool
wea%th of other information that ¢ . . ..U 1. .oiiwai Opp
Figﬁre 3.4 illustrates how a third event (C for wxample) can -

:

'/b% usrmil Lo estimate Spg. This indirect estimate is noted as

\végB_C and is equal to Sppc-6pe. All péi;s of events are
considered in the distance estimate for one pair of events.
The total number of estimates used in one distance estimate is
N*-1 where N represents the number of eveqts that can be used
in this estimate. N* does not necessarily correspond to the
total number of events in the Z-matrix as some may have been

discarded when the threshold CRIT2 was set. The mean distance -

Sxpp beconmes
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EXp EXp EXq
1 L L
San
I |
I |
Spc |
1
k " S5aB.C . -
A f s
1| ’ bﬁ /
Sac ,

FIGURE 3.4: Illustration of the indirect distance estimate.
The distance Spp can be measured directly
betweerf[ tHe events A and B, or by using a third
event, ¥, to falculate 8pp, ¢ which is equal to

Sac - &gmc )
N
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i

zap + {zac - zpe) + (zap - zmp) +

Weighted. optimum_sequence

Welghts can be asSigned to all estimé%es so that they
will take. into account the number ofkco-occurrences of two
events; the distance estimate of events that are found in ﬁhé
séme section more frequently,.Qill héve a greater weight. The
weight, WAB; assigned to zpg 1s, by definition, inversely

proportional to the variénéérbfmf(zAB), therefore:

1
WpR = =mm=====——o (Eq. 3.8)
o2 (zpp)

To relate the weight to the number of co—océG;Z;;ces of
events A and B (rpg), Equation 3.8 must be described in terms
of this factor. Thelfunctional'felationship of the variaﬁces
g% (zpg) and Uz-fPAB5 is derived from the binomial frequency

distribution f(ppp) which has a'méan of Ppp and a variaﬁce o2

(pap) of:
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L The relationship between the two variances can be

‘fexpressed as folloﬁs (cf. Brauer Hudson and Agterberg, 1982):

g2 (ZAB) S mmmemm————— . g= (PAB) (Eq. 3.10)

The value of the weight, wpap, can now be defined as

follows:

Wag = Bl . (Eq. 3.11)
Pap (1-Ppp).2m

where: Ppp equals Fpp (observed crossover freguency) -

rag is the number of sections that are common to

\
H

events A and B

zpg 1s the corresponding z-value

Combined weilghts wpap g must be calculated for the

‘indirect distance estimates. They are calculated as follows:

-
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g . Wag
WAR, K = =====m=mm=m==== T =mem-——-—a- (Eq. 3.12)

After the calculation of the weights, new weighted
indirect distancs estimates are computed by the model. These

estimates are denoted as Gpgw:

WABZAB } WAB. c(ZAc Zpc) + Wam. D(ZAD"ZBD) +
, GABW"' ----------------------------------------------
: wAB+wABC+wABD+"'
(Eq. 3.13)

Standard deviation

In the previous discussion, all combutations were based
on the variance 202. After the weighted indirect distance
estimates, 1t is now possible to calculate a variance

assosiated with these calculations: \\

(Eg. 3.14)
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Final _reordering

Because the estimates for successi§e distances ére not
independent, the standard deviations cannot Ee simply listed.
For this reason tha;last processing:option in the programme
repeats all calculations for the distance estimates with a new
z-matrix based on the new sequencé of events. The purpose of
this procedure is to calculate a.new set of standard

deviations.

The new results of scaling may differ from the pfevious
ones as indirect distance estimates will have changed where
the sequence has changed. As some distances may be negative,
reordering can occur and the entire p ocedure.may be repeated
up to four times. After four times élmost all distances are

positive and the final optimum scaled sequence is obtained.

-

3.2.4 Final scaled optimum seguence

\
J
The final result of RASC is a scaled sequence of events,
ordered from youngest to oldest. The results are presented in
a dendrogram. In this type of diagram, the sequence of events

is listed in a column and the distances between successive

o«
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events.ére plottéd'horizontally.‘ Vertical lines are Jropped
from each horizontal line until fhé next horizontal line is
met. Events that occur togethef ar close to cone another (i.e.
with small interevent distances) forﬁ clusters in the
dendrogram. These clusters are interpretable as interval
zdnes %g\théy represent events in close chronological
proxiﬁity; The-dendrogram provides a biozonation model fop

the study area.

3.2.5 wWell normality testing

<

After the scaling is completed, the model assesses the
normality of individual well sequences compared to the final

scaled optimum sequence.

Qecurrence. . tahle

The occurrence table identifies the sections in which the
events of the scaled optimum sequencé cccur. It is made up of
saxggﬁl columns. The first represents the events of the
sc¢aled sequence listed from sﬁratigraphic t to bottom. The

following columns represent well sectjions. When an event is
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recogﬁized in a well, an X is placed in the correspoﬁdind
column and row (the coluﬁn represents the Qell and the row’
identifies the events; see Table 3.1). This table allows a’
pfeliminary,1nterpretation:of the d&ta and results by
highlighting missing sections in some wells and the particular

distribution of certain events.

- & .
Step. _model
To illustrate which events are out of place compared to -
their average position, penalty scores are assigned to all ™~

ev?nt&.iﬁ a well section. These scores are derived by
calcuiating the difference in event position in a well and in
the optiﬁum sequence. For each level that an event is out of
its relative position (in the optimum sequence) a penalty

point is added to the score (see Table 3.2).

A shortcoming of the step model is that it penalizes
egually éll évents that are out of pos@tion, irrespeéti@e of
their proximity (in RASC units) to their expected ranks.
Events that beleng to a cluster may not be out offposition and
should not be penalized as such. This scoring system seems to

!
make inefficient use of the scaled sequence but, as a



~
RASC scaled Well sequénces:. "
optimum

sequence 1 2- 3 4 5 6

—

B X X X X X
A X X' X X.
c X T X

| E’ X X X X

' D X X X X

‘ F X X = X X
G X X X X
H X X X X
I X X X
J X X X

Table 3.1:

Example of an occurrence table comparing the RASC

56

scaled optimum sequence to 6 wells numbered from
1 o0 6. When %an event is*present in both a well

obvious problems with the data such.

missing a section of the geological

‘and iW the RASC sequence, an X is placed in the
apropriate row and column. ' This model highlights

s a well
ecord (e.g.;

well #4, events C to  F) or wells that are

shallower than-ethers {(e.g.; well #6, event G and

below) . /

J

o

et

%

L

el
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Well section | RASC scaled Penalty
Fictitiousl optimum score

’ sequence

A B 1.0

B A’ 1.0

D D 0.0

F F 0.0

G G. 0.0

H I 1.0

I J 1.0

J H 2.0 )

A

Table 3.2: étep model well normality testing for tﬁg*

Fictitiousi well.

4
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preliminary assessment, it permits recognition of events out

of position.

- . ~

N Scattergram

3

Scattergrams provide visual estimates of the fit of ;)-
;\\\\gndividual é%lls to the RASC seguence by plotfing the‘ievel of \)
the events in individual wells against the positiqn of the

events in'the RASC sequence. . The optimum sequence is plotted

’

on the vertical axis, while the well is1represented by the
horizontal axis. Co-eval events are stacked to be included in
the‘diﬁgram without creating extra levels. Scattergrams 
iﬁaicéte the level of deviation in the positionﬁgf events in
the well sections and in the optimum seguence.

-

E EMentﬁgnsfhionmtestingminmindiyidna%rwells

L 3

e

The objective of event-Rosition testing is to assign a

b

' 7
7 score to evaluate the similarity between the posjtion of an ¢
%

N .
. event in a well section and in the optimum sequence. The
. _ ‘

drawback of the step model is avd%ded by using the RASC scale

* I
’ N ’

as'the measure of ﬂ%ent position in the‘optimum séquence. The \\

\J'
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_comparison becomes more difficult because the well data only
contain relative positions of events (levels). To aseign
event ecofes, this fegt}ng technique identifies an event and

) ;its neighbours (aﬁove and below)} in a section and Ehe RASC

die%ance"of all three. First- 9nd second-~order difference

éré calcuiated from these positions (see Table 3.3). 1In the
examp}e of Tabie 3.3, the second-order difference is

calculated for event D, of the well section Fictitiousl, as

3 follows:

2nd-order difference

[H

" L !
{xgp - Xp) -(xp - xg) {Eq. 3.15)

or more simply

2hd-order difference -[ 2 xp - (xp + xg)] (Eq. 3.16)

where: B is the neidhbouring ebent above event D in the
' well section.

I )
{ : F 1s the neighbouring event below event D in the
well section.

! Xgy represents the cumulative RASC distance from
Ve first position for evént EV.

From jthese calculations it is appaﬁent thatfﬁ%ﬁqecond-
order differences can be’ calculated for the ifirst and last (::
. events in a well sectlon because these only have one

T

neighbouring event.

e
—
-

>
&
. -
a3
¢



RASC scaled
optimum sequence

—

well section: }ictitiousl

RASC -

e
A
{ B 0.0
A 0.2 B
c 0.7 |
E 0.9 D
D 1.1
I F 1.3 F
G 1.7
G

h'Well
Order| dist.

.0 . l|

- 1.1
1.1 % :]_ -0.9
0.2 '

.3

15t order|2Rd order
diff. diff.

|

TABLE 3.3: Example the derivation of the second order'
differences in event-position well normality
testing. .The 204 order difference is calculated

~

(A

60

for event D in a well sequence called Fictitiousl.

»
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e

During scaling it was assumed th;t each event position
',can be'fegarded as a realization of an independent normal
random yariable with a variance‘équal to o2, If the
succesgzéa\differences are regarded similarly as realizations
of independent normal random variables with varianceé equa1 to
202, then,thé variance of the second-order differences, o2,, |
would equal 652, However, because successive distance
estimates are autocorrelated, an autocorrelation coefficient,
Q, must be estimated. ' This estimate is required in

W

determining the number of independeht values involved in the

normal distribution curve.

)

RASC estimates the normal distribution by fitting a
doubly truncated normal distribution to the central 60% of the
observed second-~order differences. The second-order
differences are ordered, from all sections, from the smallest
value to the largest one® The standard deviation, g, of the
central éo% of the ordered values is determined and assumed to
represent a truncated normal distribution. From statistical
tables, the standard deviation of a truncated normal
distribution,.o;, 1is dpprdximately 0.463 the standard
deviation -of the corresponding full normal distribution,‘Pg
(1f 20% is truncated from each tail). Division of oy by .463
yie}ds-the estimate of P2 This new standard deviation is
used by RASC to identify anomalous events at the 95% and 99%

: \
/Egnfidence levels. .95% and 99% probability units

-
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4

{probits) of this estihated normal‘digtribution are given from

statistical tables as + 1.960 Oé and * 2.576 o3 respecﬁively.

When the second-order difference of events excéed the 95%.0r

99% probability limits; they are ma:ked.on the output with an

.aétefisk or a déuble asterisk respectively. By using only the

central 60% of the‘'distribution, anomalous values ,which are
~

more likely to occur in the tails of the distribution, are

avoided.

Becausé the well data are not scaled chronologically,
relatively large second-order differences‘will be given to
events on elther side of a hiatus.or unconformity as these
features will, in general, be marked by large interevent

distances.
3.3 Application of RASC to the integrated da?a set

When RASC was& applied to the integrated data set, a
minimum threshold of 7 occurrences was used. Of the initial
433 events, 85 remained‘gfte; filtering. These events
represent 913 occurrences in the 23 coffshore wells identified
in Figure 2.1. There ;re 47 foraminiferal and 38 palynomorph

events in the final scaled optimum sequence (Figure 3.5).

This almost equal number of foraminiferal and palynomorph




Figure 3.5:

. 63

Final scaled optimum sequence, or bioczonation
model, of the Cenozoic of the Labrador shelf and

Grand Banks based on' an integrated data set of

foraminifers, dinoflagellates and spores and
pollen. . i
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Table 3.4: Names and ages of identified biozones of Figure

-
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events is fortuitous but ensures that there is no bias towards

one group of fossils.

The dendrogram is a biozonation scheme. The clusters are
interpreted as interval zones. The 11 numbered interval zones

dli

of Figure 3.5 are referred to by the name of one or more of

their most characteristic members (see Table 3.4}). _,ﬁ\°-
g
3.4 Biozonation of the Cenozoic of the Labrador Shelf

and Grand Banks '

The‘Cenpzoic blczonation of the study area (Figure 3.5) v
are ‘divided into 11 zones. Although the zones are named after
one typical member, ;hey all contain several ﬁarker and
significant‘eventsf In the following diScussion, the zone
boundaries refer to the total RASC‘distance from first
position (top of the optimum seguence) to the first and last
events in a particular zone. The chronéstratigrap ic ages of
the foraminiferal events arxe listed i? Gradstein and Agterberg
(1285, p.346-348) unless otherwise specified. All
geochronologic ages were selected using the Berggren et al-

‘ (1985) Cenozolc time scale. (fhe foraminifers to palynomorph
ratio.}ncludefonly events that met the threshoIE value of 7

s occurrences. ¢ -

Fd
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Age of zone: Pgleocene

Zone boundaries: 6.97 to 7.80 RASC units.
.quﬁminiiaxs_xgmpﬁlynqquphmx;£io: 3 o1
Index events:

63 Ma - Subbotina_ triloculincides and s.. pseudebulloides
- events 253 and 61; two rare events that mark approximately

the end of Danian time,

59 Ma - PRaleoperidinium_pyrophorum - event 512;
identified as late Paleocene (NP 8) event by Williams and

Bujak {(1985).

58 Ma - Gavelinella beccariiformis - event 55; occurs up
to standard zbne P5 (Tjalsma and Lohmann, 1983), which fits in
well with 1ts disappearance in the Adolphus section tqgether
with Aragonia velascoensis (Paleocene) and bglow the |

appearance of Pseudohastigerina (pbst P5).

58 Ma — GlQmQ&nixa_gQIQna - event 56; corresponds to the
Paledcene/Eocjﬁé boundary on continental margin wellsl

Preliminary paleo-environmental interpretation:

The assembiage reflects an abrupt change from an

extensive shelf province in the Early Paleocene to turbiditic
) j]
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N .
facles and depositional depths in excess of 1000 m from the

Late Danian to the Thanetian (Berggren,-iQ??, p.399).

zone II, Subbotina patagonica_zone

Age. of zone: Early Eocene

Zone. bougdaries: 6.22 to 6.67 RASC units.
Foraminifers. to palvnomorph _ratio: 3 to 2 - },4
‘Indéxweyants:

57 Ma - Rlangxonalitesmghapmani°- event. 194; disappears
in standafd zone P6. Specimens are often transitional between
P....chapmani and_Eséuthas;igaxina. The latter is thought to

appear at the boundary of P5 and Pé6.

55 Ma - Subbotina_ patageonica - event 50; The ehd of the
peak of this species occurs at the boundary of NPll/NPlz,\

which coincides with the-time of Anomaly 24, just afterlaé Ma.

fﬁ,ﬁﬂ'

\ ' N
52 Ma - Dracedinium_condvlos - event 393; identifiedfin

lower NP14 in the Rockall plateau by Costa and DowniF ).

)
Qther significant event: p

. ) . J
Ceratiopsis _speciosa - event 326; late Edrly Eocene event

. /
identified in P8 by Williams and Bljak (1985). -

£

é

i
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Preliminary.palec-envirenmental interpretation:

This zbne.representé a greatqr distribution of

foraminifers that are.usually restricted to low or mid-

ﬁ -

latitide.

Zeone ITI. .Acarinipa densa zene - Y
‘ A
Age_of zone: early Middle Eocene

-

- , . |
Zane boundaries: 5.43 %0 5.83 RASC units.

4 .
Poraminifers to.palynomorph ratio: 4 to 2 .
A SR ®
N ) 5
lpéexmﬁments: ’

52 Ma - Acarinina aff. broedermanni --event 93 ; this
species has its top well below A._densa, near the Early-Middle

- . Y
Eccene bSundary at 52. Ma.

49 Ma - Acarinina_densa - event 90; corresponds to the
time of optimum climatic warmingiin the Labrador sea, in the

early Elggle Eocene. It probably falls near Anomaly 21 from

46 Ma to 52 Ma (averaging /49 Ma).

Preliminary paleo-environmental interpretation:
s . ' .

\ ‘ Thehﬁﬁgﬁ;é‘of the events that make up this zone strongly

suggests the correlation with the chimatic.warming of the

£

e
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~early Middle Eocene. As Zone II, low and mid-latitude forms

< seem to make northward incursions.

\ | N

& . “ZQne;Iv+mElectofrandiqg;gr;amgﬁfh“pqugngﬁtata‘zoge
Age _of zone: late Middle Eocene
Zone. boundaries: 5.08 to 5.34 RASC units.

Foraminifers. to_ palynomorph ratio: 6 *to 3

Index. events:

52 Ma - Spiroplectammina. spectabilis LCQ (Last Common
Cccurrence)- event 57; this species also has its top beloQ'A.

densa, near thngérly-Middle Eocene boundary at 52 Ma.
49 Ma - Turrilina.robertsi - event 86;

41 Ma - Apectodinium homomorphum - event 298; last occurs
in the Middle Eocene (NP14) according to Williams and Bujak

{1985}.

.zgne_y+_Renigulgphnagmiumggmplggpggghzong'
-
Age of zone: Late Eocene

zone _boundaries: 4.75 to 5.01 RASC units.
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\ _ . : ,
Foraminifers to palynomeorph ratio: 6 to 2
. . o, n . -
- .« . Index events: - ‘ _ E’
) % ‘.
40 Ma - Reticulophragmium_amplectens - event 29;'usually
. " ~
. falls below Turbaorotalia pomeroli and above Acarinina._densa {5
+RASC runs. It is tentativel¥\flaced at 40 Ma. = _ (3

38 Ma - Pseudohatigerina.micra - event 85; this event

occurs in southern wells and corresponds to the Late Eocene..r
' 4

The top is piaced immediately below the inferred

Eocene/0ligocene boundary.

37 Ma < Dinhyesyiélligerum ~ event 390; most records
confine this eventﬁto the Eocene (Goodman and Witmer, 1985)2
Williams and Bujak (1985} f£ind the last occurrence (regibnal

and world) at the gocene/oligocene_boundary.

' Preliminary paleo-environmental interpretation.

\

Relatively uniform\climatic conditions seem to

characterize this zone.

NS

|

{ Zone VI, Turborotalia pomeroli zone -

Age of zone: Late Eocene

-

., Zone ‘boundaries: 3.97 to 4.53 RASC units.

1

5\
!
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-

~Foraminifers to palynomerph ratie: 8 to 4
[ .L;
Thdex. events:
38 Ma - Wetzeliella. articulata - event 591; found in the
early Late Eocene (NP18) accqrding to Williams and Bujak

(1985). ' - | '

’ 3&—ﬂ§:i9:urhgrgtaliampgmeroli - svent 33; this event co-
occurs with™~Rseudohatigerina micra in southern wells and L

corresponds to the late Late Eoéene. The top 1is placed

immediately below the inferred Eocene/0Oligocene bOUndary.

37 Ma - Ammodiscus.latus - event 259; corresponds to theif

Eocene/0ligocene bgsfdary. ' L

' E
37 Ma.- Crihroperidinium giuseppei - event 487; early

Late Eocene event (NP19), Williams and Bujak (1985). This
event is alsoc recognized as Late Eocene in the Norwegian-

Greenland Sea (Manum, 1976).
Qther..significant event:

Wetzeliella ovalis - event 593; ranges up to the top of

the Bartonian {(early Late Eocene) (Costa, 1985).

zgne_HII¢“Inxnilina,alsatiggrzggg'

Age of zone: Oligocene
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Zone boundarieés: 3.63 to 3.79 RASC units. = .. R
ST e - ) .

Faraminifers. to.palynomorph ratioc: 4 to O
Index.events: /(

30 Ma —.anrilipamalas;iga - event 2%; the last
occurrence of this distinctive Oligoceng taxon roughly equates
to the top of the Boom Clay of Belgium.

f

Preliminary.paleo-environmental interpretation:
:

| Event 25, Coarse arenaceous spp., characterizes a
shallowing'paleoecologic-eQent corresponding to the Oligocene

eustatic’sea-level drop.

_zgna,MIII+wuxigexinamngWQIJ“minga:nutnaliﬂgQne
Age. of zone: Late Oligocene to Early Mioccene
'Zénewhgundanies: 2.87 to 3.43 RASC units. ,
Foraminifers to palynomorph ratio: 5 to 5
« Index_events:

24 Ma - Deflandrea_phbosphoritica -~ event 377; found up to
the latest Ongocéne {NP25) by Williams and Bujak (1985).

Only one record in the literature gives a higher range; i.e.,

-
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Jan du Chene (1977) identified “Defland:eh'groupe e
- R :‘\“‘i‘:‘.‘ ‘ ‘ .
ﬁfally Miocene of Spain.

s

'nhgsphoxiniﬁa"~¢ﬁ&@ﬁ;§J;

e .\'3. 3

20 Ma - Uvigerina ex. gr. miozea-nuttali - event 26;
found below Glohigerina_praebulloides (see later) in the RASC

sequence and is slightly older. 'QP

20 Ma -,Glghigening1deﬁmprimoxdiusmtr1lobus - event 137;

rare Early.Miocene event.

17 Ma - Glohigerina. praehulloides - event 15; .dlsappears
locally at the early Middle Miocene of the Scotian Shelf wells

(Gradstein and Agterberqg, 1982)}.

Signiﬁicantweyents;

d
Areosphaeridium. _pectiniforme - event 312; using the

broader concept of the species of Sarjeant (1984), this event

could be Late Oligocene.

Hystrichokolpoma c¢inctum - event 431; this species is
- ) ) ' 1

found up to the Early Miocene (as "H. cf. cinctum”") ‘in the
Norwegian-Greenland Sea (Manum, 1976). Stover (1977)

#identified this species sporadically up into the Early .

Y

Miocene.
[}

Preliminary palec-environmental interpretation:

This relatively homogiﬂeous zone reflects a more uniform

environment prior to the otset of major cooling.



Zone, IX, Spiroplectammina _carinata zone

 Agemeszne: Early to Middle Miocene
Zone.boundaries: 2.34 to 2.73 RASC units.'l
Foraminifers. to palynemerph.ratio: 3 to 5

'd Index. events:

19 Ma - Cordosphaeridium cantharellum - event 346;
jdentified in the Early Miocene in the Norwegian-Greenland Sea

(Manum, 1976) and offshore Carolina (Stover, 1977). Williams

and'Bujak {1985) assign this event to Nﬁz.

17 Ma - Globorotalia scitula praescitula - event 179;
probably occurs in the late Early to early Middle Miocene

warming event, as observed from the northern incursion of

warmer water planktonic taxa.

Zone X, Astigerina gurichi zone

Age_ of zone: middle Late Miocene

zone _houndaries: 1.87 to 2.08 RASC units,

L3

Foraminifers to palynemorph ratio: 1 to 5
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Rxaliminazympaleg:enyirgnmentalminterpretation:

‘ :
Wwith the onset of the Labrador current at‘the boundary of
~Zoness IX and X, the low and mid-latitude speéieé are not found
because of the 16@ salinity.
t ) \ L ..”
11 Ma - Asterigerina.gurichi —\event 17; corresponds to

the Middle-Late Miocene bouﬁdary.

. 4
~

“11 Ma.- Systematophora.ancyrea - event 569 last
occurrence in the Middle to Late Miocene on the Northwest
, )

continental -Shelf (Harland, 1978) and in the Norwegian-

Greenland Sea (Manum, 1976).

9 Ma - Spiniferites pseundofurcatus - event 552{.

identified as Late Miocene by Williams and Bujak {1985).

Age_of zone: Pliocene to Pleistocene
*

Zone houndaries: 0.00 to 1.55 RASC units.
| § ' .\'r

.EanaminifgrsmtQ“palynomgzph"ratiQ:(}fto 7 -
Index. events:

3.5 Ma - Globorotalia inflata, Gimcrassiformis'and

Neogloboguadrina atlantica - events 4, 269 and 5; these

\ P 7~

4

/
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‘species are thought to disappear with the onset of major
glaciation 1ﬁ the Labrador sea, dated at approximately 3.5 Ma.

. * ‘d

Rreliminarxwpaleo:enuirnnmantalmintexpratatiQn;

As in Zone X, the Labrador current excluded ldw and mid-
latitude species from northern wells so that they usually do
not often meet the threshold number of occurrences. This zone .
is heterogeneous marking the onset of glaciation, in the

-« .

Labrador Sea.

3.4.1 Effect of integration on theloptimum sequence

\ L

To restate what was mentioned earlier, the integration
process was expected to enhance the stratigraphic resclution
in two ways. - Because RASC is a probabilistic model, the
increase in raw data produces results based .on a greater
population. With an increased nﬁmber of crossovers to rely on
for distance estimates, the optimum sequencé 1s more accprate
as indicated by smaller standard deviations of the estimated
distances. The second enhancement of the bioczonation model
stems from the data itself. The foraminiferal data set is
relatively complete for deeper marine paleo—-environments but

less so for relatively shallow conditions. The palynomorph

data set is characteristically lessarepresentative of the deep
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mafine 9hvironment. ‘The use of the integrated daﬁa set should
autométiéally resul; in the enhancement of the final
biozonation because tﬁis data set Better reflects the
geologicél‘record. The possibi;ity of constructing mixgd
biozonations without biasing particular fossil species (oIl

- Y
groups of fossils) 1s a great asset of the RASC model.

To evaluate the effect of integration on the Biozonation

model, a'bioczonation based on foraminifers only (Figure 3.6
(b)) was compargﬁ ;o the integrate& bioczonation. Thekﬂ
dinoflagellates and spores and pollen events were removed froﬁ
the scaled sequence of Figure-B;S and the remarning.intgrevent
'distances adjusted accordingly (Figure 3.6 (a)) produéing an
"integrated" foraminiferal z&nafion. biéual comparison of the
initial and integrated foraminiferal zonation {(Figure 3.6 (a)
and (b)) highlights the increased stratigraphic resclution
resulting from biodata integration. 1In the initial model,
some zones were indistinguishable because of the small number
of events they contained. The number. of interpretable zones
increased from 10 to 11 through integration.
=

The complementary nature of -the foraminiferal and
palynomorph data sets 'is iilustrated in many zones, for
example, in zones V and X of Figure 3.5. In zone V, the
foraminifers to palynomorph ratic is 6 to 2, qhereas in zone ¥

it is 1 to 5.
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- Figure 3.6(a): RASC foraminiferal biozonation based on the
integrated data set.
Figure 3.6(b): RASC foraminiferal bioczonation based on the
foraminifers-only data set. -

!
‘ A
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Asiéz_from increasingrthe number of jidentifiable zones,

' the'intégrgtion process also completes the géologicél record
by filling in artificial gaps'in the data‘seﬁs. Indeed, large
di. tances between cdusters may rgpresent uncdnfprmities, N
disconformities, or nondepositional hiaggses. prever, they
maj alsq represent an artifact of the model because of tﬁe
particular nature or shortcomings of the data set. Becaufe
the two data seté are compiementary,'unjustifiably large

. -interclustg} distances are reduced as, for eﬁﬁmple, between
zones X and XI of Figure 3.6(a) and zones Xa and XIa of Figure
3.6(b). what ihitiglly might have bgen.interpreted as a major

) -
environmental change, actually cop;esponds to a minor regional

‘change reflected in the foraminiferal population. C -

-

Q3.4.2 RASC biozonation.versus liferature Sequence‘of
events '
d To assess the guality of the RASC binzonation, a

theoretical sequence of events was prepared using literature

ages. This sequence is listed in Table 3.5. The thedretica?\ ‘
and RASC sequences are compafed by rank correlation '
techniques. The Kendall Tau rank correlation coefficient °

between the two rankings is 0.894. This coefficient was

calculated as described ‘by Kendall (1970). Its convincingly
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- Foraminifers Palynomorphs
4§t Globorotalia fnflats
5 #** Glohorotalia crassaferais
269 #**  Neomloboauadrina.atlantics : _
552 *  Spiniferites pseudofurcatus
1T hatecigerina_gurichi
56% B Systematophora.ancyres
265 §** Asterigerina gurichi {peak)
15§ Glohigerina_praebulloides
179 frr Globorotalia seitula_prasscitula .
36 v Cordosphaeridium cantharellys -
26 % Uvigerina ex.gr.miozea-nuttali ‘
137 §** Glohigerinoides primordius '
. 17 r Deflandrea phospheritica
201 Jurrilina alsatica . o
259§ Ammodiscus atus | ’
390 *  Diphyes.colilgerun
‘ 487 ¢ Cribroperidiniun giyseppei
32 % Mgeschascoiding-sp. 1
82 ¥ _ Glohigeripa linaperta
85+  DPseudohastiverina micrs '
: . 591t ¥etzellella articulata
19 Cyclammina amplectens
298 *  Apectodinium homonorphum
86-1  Turrilina robertsi
90} Acarinina.densa
. 313 ¢ Dracodiniva condyios
57 4  spiroplectammina_spectabilis LCO
93§ Acaripina aff. breedermanni
@ 326 *  Ceratiomsis speciesa
59 v Subhetina_patagenica
194 §** Planorotalites chapmani
55§ Gavelinella heccariiformis
56 §  Glomospira corons
. 512t Palaeoperidinius_pyrophoruw
61 J** Subbotina pseudohulloides
253 f** Subbotina triloculincides
‘Table 3.5: Chronostzatigraphic markers used to calibrate the

RASC scaled optimum sequence in to a numerical
time scale. The Beggren et al. (1985) time scale
is used to obtailn numerical ages. The symbols
define the following: # from Gradsteln and
Agterberg (1985); * from Williams and Bujak
(1985); ## from Harland (1978); ** events that do
not meet the minimum occurrence threshold. ’

b
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high value‘ascertains thak the RASC seguence parallels a

chronoclogical sequence,

T

3.5 Numerical time scale of RASC biozonation

By using the events identified in Table’3.5, the =
biozonation scheme can:be converted into a biostratigraphic
numerical time scale. These évents are characteristic and‘by
knowing both thei;\apploxlmate age and RASC position, a bhest
fitting spline can 1ﬁke1polate their observed age in this area

&

and the age of the other events.

\

3.5.1 Method of numerical time scale calibratiocon

[

A plot of age versus RASC distance can he prepared usiqg
the previously mentioned index events. A cubic spline i;
fitted to the points of that graph; this best fitting curve
will be used to derive ;he age of all events in the RASC
sequence. The spline cﬁrve is fitted using a modification of
the De Boor's {(1978) algorithm. This method was applied with

a computer programme named SPLIN which will be described in a

later chapter. The spline-fitted RASC seguence {as observed
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in Figufe 3.7) can be replotted as a biostratigraphic time-

: scdle\;pere the ages of all events are placed on a linearff%#e

scale (Figure 3.8).
.

3.§.2 Chronologically calibrated 5iozonation

The most noticeable gap in the bilostratigraphic record is

“ observed during the Oligocene. It coé?esponds to the drop in

eustap}c sea-level mentioned in Chapter 1 and in the

discussion of Zone VII of Figure 3.5. A less obvious hiatus

can be observed in the Early to Middle Miocene; Thisg

dishopformiﬁf\and &he sketchiness ofhthe vounger.biochronology

can/greéumqbly be associated with the onset of the Labradorv
Spurrent.

The older part of the biochronelogical record 1is also
sparse and seems to indicate the presence of a hiatus. Two
factors contribute to these findings. First{ the Paleocene
wag not sampleddég.many southern wells, reducing the number of
events that meet the minimum number of occurrences threshold.
Secondly, there was an abrupt change in paleo-environmeht ac
mentioned in the discussion of Zone I. This change would

probably have been more emphasized had it not been for the

sampling problem previously mentioned. £



T 85

Ryes of index events US RASC distances
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Figure 3.7: Spline~fitted plot of the literature ages of
: marker events versus thelr RASC scaled sedquence
position. The spline curve provides an age
estimates for all RASC distances and vice-versa.
. _
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Numerical biostratigraphic time scale
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of the converted RASC scaled optimum sequence
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3.5.3 Histogram of biochronoleogical scale

T

A histogram of the numerical scale emphasizes the gaps
and peaks in the biostratigraphic record. This histogram.
(Figure 3.9) represents the number of events per interval of 1.
Ma. It is expected that the event freguency would be higher
in perieds chronologically preéeding an hiatus because most
events represent species extincfions. The extinctions that
would normally occur in the missing part of the geologicél

record should be observed in the last part of the record

preceding this gap.

This type of event diversity peak occurs before the Early
Oligocene hiatus. However, no such peak is obsérved in the
Late Oligocene.  This is because the low sea-levels of that
time did not necessarily favour species diyersity._ This is
compounded by the problem of sampling in periods of low
sedimentation rates. Indeed, events that are present may not
have ‘been observed so that their last occurrence was placed in
Zone VI. Conversely, reworking of certain events would locate
them in Zone VIII (after the hiatus}. TIf such were the
situation, this would create a distinctive post-hiatus peak.
When considering the nature of the events (last occurrences),

a peak frequency would certainly not be expected to gccur
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FIGURE 3.9: Histogram of the numerical time scale

of Figure 3.8. The time intervals are of { Ma.
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after a period of about ten million years of low diversity and
a hiatus. However, when lo;king at the period from 16 Ma to
20 Ma in Figure 3.9, high frequencies are observed to occur.
Thié phenomenon strongly supports the hypothesis that the
Oligocene dinoflagellate events of Zone VIII are reworked and

-

should neot be used to infer the'age of the zone.

3.6 Lithostratigraphic control

The RASC positions of 1iﬁhological boundaries are
~determined by using the "unique event" option of the RASC
programme. once a ﬁistance is assigned to a boundary; its age
can be determined using the numeriéal time scale as dérived
from Figure 2.7. The RASC inferred ages of the lithological
'units are listed in Table 3.6. They were published in D'Iorio
{1986). Also listed inAghat table are the age_assignments as
given by Umpleby (1979) by whose lithological scheme these

markers are identified. g

The RASC ages correlate very well to the published
lithological boundary ages. The only discrepancy is in the
age g? the Leif sand member.' In a previcus discussion the
problem of Oligocene biochronology was studied. Because of

sampling problems and lack of biostratigraphic control, there
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~

Formation
or Member

Time-calibrated
RASC scale ages
(D'Iorio, 1986)

S—|

Age assigned
by Umpleby
(1979)

Leif sand
Member

33 Ma to 34 Ma

Upper Eocene

"Brown Mudstone
Member

39 Ma to 54 Ma

Lower Eocene
to
Middle Eocene

Top of the
Caﬁtwright

Foxymation
\

i
o

54 Ma

-L\OW&I’ Eocene

Gudrid sand
Meuher

55 Ma to 56 Ma

Paleocene to
uppermost
Eocene

S0

Table 3.6: Comparison of ages of lithological units of the
Labrador shelf. The literature values are those
.of Umpleby (1979) adapted to the Berggren et al.
{1985) time scale, the time-calibrated RA3C ages
are from D'Ioric (1986).
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i%'a greater uncertainty in this section of the numeric scale.
This'problem is aéain amplified by the fact that the
positioning of the Leif Sand Member boundaries is based on

fewer océu:reﬁces than any other lithological unit.
3.7 Conclusions

{3a) Integration of biostratigraphic data has a two-fold
effect on the regional biozecnation. By using a probabilistic
model, the increase in biostratigraph%g data directly results
in an increased accuracy of the resulés. Secondly, the
different data sets geologically cdmplement each other giving

a more realistfc poftrait of the geological record.

{3b) A literature-based seguence of biostratigraphic
events shows a significant correlation with the ranking and
gcaling final sequence (Kendall Tau rank correlation

coefficient = 0.89).

{3¢) Usiﬁg marker eﬁents of the RASC sequence and their
literature chronological value, the RASC scaled seguence is
calibrated with resbect to a numerical time scale. This scale
is used to assign a regional age to all events in the RASC

§
sequencea.,
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(34d) Using.the bioechronological scheme developed through
RASC scale calibration,_further refinements of zone ages can
be made. Zone VIII now seems to be restricted to the Miocene
but includes several Oligocene reworked events. These events

| show up as a peak thét follows a 10 Ma period of low diversity

and nondeposition.

(3e) The calibrated RASC scale can also be used to infer
the age of lithological markers in the data set. Comparison

]
to %hg\pmpleby (1979) classification shows high correlation.

.
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4., Correspondence aﬂalysis _ —

4.1 Introduction

—-_— -

f

-

Correspondence analysis isolates major trends in the data
aﬁd places them on preferential axes. Although its
application does not Eepend on RASC, the interpretation of the
results is”easier when éompared tg the RASC.biozones. The
analysis 1s based on the output‘of the computer programme
DECORANA that was developed and published by Hill (1979). The
purpose of the anaiysié is to identify main trends iﬂ the
data. Each trend is rep&esented by an independent axis. On
such an axis, each event and well aie given a score. The
trend in the events is identified by placing the évents scores
in ogder of relative magnitude. The well trends are

£
identified in the same way. Correspondence analysis is based

Eal ™ .
on.fiﬁding multivariate trends in events X wells matrices
{Gauch, 1982}. As in reciprocal averaging (Hil1l, 1973),
scores are assigned to th events and wélls. Each event
score is the average of the scores of the wells in which that
event occurs. Similafly, well scores ére equal to the éverage
of the scores ¢f the events they contain. ‘Iterati;e

recalculation of the scores is continued until stakilization

of the results is reached. The reéulting set of scores is the
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first axis of correspondence analysis. The second and higher

axes are obtained by a similar itera;ive pracess-followed.by
detrending to remove quéﬁratic dependehce bétween axes. These s
procedures, as‘well as the DECORANA FORTRAN-programme used In .—

r .
this study, are published in HiT}\J1979}.

B §
Because of ecoleogical or pale;;Lvironmental-conditions,

evenfs may be restricted to a range of wells. Oveglapping

ranges form an interpretable, progressive sequence. By

plotting both event and well scores together, trends are

.visible on a preferred dlagonal axis and consequently easier

to interpret.

Unlike RASC, corres?éndence an;lysis benefits from using
all events thgt occur in‘moré than one well. Differential
palecenvironmental éonditioqs of biozones will be best *
illustrated‘by events that occur in only a few well sections. tJ
Aﬁomalous behaviogur qf certain types of events can aléo he

highlighted by this type of analysis.

This analysis is n;t meant to be a exhaustive study of
oceanographic and ecolbgic factors controlling the
‘environment, but rather an application of co;resﬁondence
analysis to emphasize certain environmental factors affecting

the distributicon of events in the study area.

('\}
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4.2 Methodology

‘ The'following discussion of correspondence analysis 1s

based on Hill (1979).

Detrended correspondence analysis is derived from a |

simpler method of ordination known as reciprocal averagind {or
) )

1

correspondence analysis}. The metheds differ in that
detrended correspondence analysis systematically removes any

correlation between axes of differént order.

1 . . .
The %?gorithm of reciprocal averaging begins with the

selection of trial species scores, followed by the zalculation

of sample {well) scores such that the samplé score is the mean

score of the species that occur in it; the species scores in
turn are recalculated as the means of the scores of the
samples in which phey oécur. As this process 1s iterated, the
scores stabillze to give a solution whigh is.indépendent of
the initial trial scores. The resulting spocies score vector
is the first component axis. A second axis 1s derived by
performing the same iterative proéedure, but taking out a
regression on the first axis at the end of e;ch iteration
cycle, so that tﬁe new scores are uncorrelated with those of
the first axis. Subsequent .axes may be detérmined 1in a

similar fashion.
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Let X be the data matrix with elements xj4, i
representing a row index for species and j a column index and
let a = ai be a column vector of the specles scores and b = by

be a row vector of sample scores. Then the iteration

i~

aigorithm is: |

bj=

M

Xi§ aj /? }cij N % (Eg. 4.1)

aj = Z‘J. Xij by / ? X5 (Eq. 4.2)

A trial vector a 1s used in Equation 4.1 to determine a
trial vector.b, which, in turn, is used to generate an
improved trial vector a in Equation 4.2. This process is
continued until a and b stabilize,Pyielding the species and
sample scores for the first axis. Hill ({1979) used an
elgenvector method to accelerate stabilization of tpe results.
This method is generally used in correspondence analysis )
whereas reciprocal averaging is based on the iterative
procedure. The dir'ctAeigenvector methed is applicable to
smaller data matrices whereas the iterative procedhre is

preferred when several hundred species are inveolved {(as in

this study). -

The programme DECORANA was developed by Hill (1979) te
perform both reciprocal averaging and detrended correspondence
analysis. A subroutine was added by Bonham-Carter et al.

(1986) to reorganize and plot the species and samples matrix
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in order:of increasing scofe.‘ This step facilitates LE;
interprétation as it places the entries along the princiﬁgh
‘diagonal depicting the range of events (species) in wellg
{samples) and highlighting their overlap.

DECORANA contains a number of scq%ing options. In thisf
study, however, no rescaling of axes was pé}fo;mea as the
results were not to he interpreted on their own but in the'

context of the RASC biozonation model.

4.3 Preliminary application of DECORANA
N )

Correspondence analysis was performed on the integrated
data set by running the DECOﬁANA Programme. Unlike the RASC
programme, .almost no filterin% of ,data was performed. Events:
that occur only once were removed from the data set as they
cannct contain ihformation pertinent to trends in the data.
All other events are retained as tﬂese ocﬁurrences can provide
.useful information on differential environmental‘conditions in

»

specific wells.

o

In the preliminary analysis, the 23 well sections of
Figure 2.1 were studied. The resulting well and species
scores are presented in Tables 4.1 and 4.2 respectively. The

. prinéipal trend that emerges from the results is the stro@g



WELL NAME
(wells ordered

WELL SCORES OF THE
FIRST AXIS OF

from North to CORRESPONDENCE
South) ANALYSIS
RQT H-11 186
KARLSEFNI H-13 14
SNORRI J-90 3
HERJCOLF M-~92 17
BJARNI, H-81 24
GUDRID H-55 617
CARTIER D-70 0
INDIAN HARBOUR M-52 26
LEIF E-38 12
LEIF M~-48 17
FREYDIS B-87 0
HARE BAY E-21 157
‘BLUE H-28 257
BONAVISTA C-99 9%
CUMBERLAND B-~55 53
BONANZA M-T71 197
DOMINION 0-23 144 _
SOUTH TEMPEST G-88 206
FLYING FOAM I-13 94
ADOLPHUS D-50 237
HIBERNIA P-15 214
EGRET K-36 140
OSPREY H-84 158

_

Table 4.1:

analysis.

the preliminary analysis.

98

S

ﬁell scoreé of the first axis of correspondence
All 23 well sections were studied in



Table 4;2:

99

1

First axis event scores in the preliminary
application of correspondence analysis.  The
events are refered to by their RASC dictionary
number; the names of these events are listed
in Appendix A. -

N ‘
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Bvent [Pirst j Zvemt FPirst §.Evemt Pirst | Bvent First § Event Pirst | Event First | Bvent First
-jugber axis | momber axis || nuaber axis | number axis § nusber axis | number axis § number axis
E e seore score score scare score score score
1T 456 13w 50112 1 63 30§ 10 512 -43 | 391 -9
U1 W g 9% 199 £7 108 .| 338 80 358 10 1 -50 W -0
R Y XL 3197 18 106 501 80 125 9 e -9 o -n
e 34§ 198 86 106 45 59 570 § s -8 g -9
14 426 .1 181 106 i 58 591 5§ 31 -56 i1 -%2
156 405 {187 0 106 552 58 4 1 63 -56 m -gzzx
179 405 230 183 546 106 kH 31 293 1 126 -58 19 f;g}
11 192 283 170 528 10§ M 51 576 1 432 -56 123,.37-9
136 1 452 166 485 103 in 5 in -1 | 435 -56 -9
19 366 37 164 9 102 34 54 s -10 40 -56 885 -%8
365§ 265 164§ 39T 102 f 389 52 f 280 <11 ) eQ0 .56 TF 434 -98
g8 355 15 163 523 102 494 52 59 15 #0 -57 461 - -98
187 . 340 180 163 510 102 348 50 587 -16 487 -7 507 54
6 13§ e 183 118 100 3183 50 97 -1 M -5 M2 -9
151 3 16l ny 100 14 167 -19 500 -5 529 -89
7 18 6157 388 38 m 48 522 -0 64 -60 295+ -100
85 326 W 15 g 97 403 46 191 -2 459 80 | M4 -1
194 319 492 15 554 9T 518 45 W - 460 60 397 -102
1 69 182 58 96 575 45 298 -2 o -6l 96 -102
56 311 1 1582 565 46 §53 2 82 -2 505 -1 4 -103
81 306 W0 We-f 511 51 468 i1 - 88 -63 503 -103
164 29 Eﬁ'_ 145 343 5¢ 502-\ i1 61 -M e -8 50 -107 .
6 296 7 1 76 88 83,18 % - M5 -89 j22  -108
84 8 % 143 545 88 16 K} 535 - o -n 170 -108
162 284 I 141 30 41 41 16 90 -25 /7 N 00 -16%
161 283 109 141 KEL 84 496 I F 41y A28 5 -7 511 -110
144 280 n1 1 63 82 547 35 128 -25 g -75 5 -In
:m 126 4 431 82 390N 525 -28 3118 306 -1
i m 543 141 319 89 88 1 526 . =33 -5 566 -111
69 M 57T 140 508 89 0 kY 568 < 25 -1 491 -112
no 16 136 i 80§ 320 n 5311 -35 ns -6 94 -114
283 18 136 k| n {18 12 T -7 139 -1 {15 -1
250 263 25 - 135 55 15 m i n -y g1 -79 67 -11§
L AT 509 113 12 N 539 10 W -4 62 -79 81 -117
170 - 40 s 1 22 ki 592 30 504 -4t W - 295 -117
158 W 4 - 125 418 13 41§ 26 50 -4 0L -7 5600 -117
1 218 51 1 54 n 199 25 594 -4l 292 -85 } 198 122
49 215 253 121§ 497 &7 569 X 133 -2 e -3b 206 -124
50 3 5277 121 § 578 &6 197 2 #1 -2 599 -B6 318 -125
7 M B 118 70 65 515 2 i -4 543 -87 %0 -127
10 10 in 1 391 65 449 2 75 -43 M1 -84 171 -134
17 24 112 21 64 365 18 1 -4 21 -89
259 208 52} 112 149 X m o -1e i -4 76 -8

e
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. correlation of the first axis well scores with geographicﬁl
positidén of the wells as in the Bonham-Carter et al. (1986)
study. When latitude is plotted against well scores, distinct
areas of trend emerge (Figure 4.1). With the exception of Rut
H—;}, the Labradof Shelf wells have low scores and the Grand

Banks higher ones (see Table 4.1).

L]

Because these scores are obtained through reciprocal
averaging, an anomalous well score mist characterize either an
anvironmental trait particular to that well or the nature of
the events it ﬁonﬁains. It follows that the Rut anomaly can
be justified in two ways: (a) this well contains mostly high
scoring events not charaqteristiq of other northefn wells; or
{b) there 1s a geologicél abnormality in this_section causing
thé high score.

Fi
—

As noted in Table 2&13 palynomorph data were not
available-in the Rut H-11 weli. From Table 4.3 it can further
be noted that the. average score of the 108 foraminifers is
178.8, whereas the average score ¢f the palynomorphs is -11.2.
The combination of these facts explains the high Rut ﬁ-ll

S5Core.

Because of the reciprocal averaging technique, the higher
foraminiferal average scd?Z\fan alsc be thé result of one of
the following two possibilities: {a) foramihifers display an

4

anomalqus behaviour reflected in their scores; or (b) 6 of the



=

Figure 4.1 (a):

Figure 4.1 (b):

102

Plot of well scores against distance along
simplified 600 m depth projection line.

Plot of foraminifer to palvnomorph ratio

against distance along the 600 m depth

projection line. Most of the wells that

exhibit high well scores also have low or zero

foraminifer to palynomorph ratios.
.
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Table 4.3:

Preliminary | Pinal

application § application
Huaber of events il 80
Sample mean : 514 21
Kean foraminiferal score 178.8 8.9
Nean palynomorph score -11.2 -19.6
Difference in palynomorph and
forauinifer scores 180.0 6.5
Difference in palynomorph and
foraninifer scores divided by ¢ 1.40 0.49
Hean dinoflagellate score 6.9 -10.5
Hean spores and pollen score -49.7 -102.5
Sample standard deviation. 135.4 139.1
Sample variance 18453 19351

Comparison of the two applications of
correspondence analysis and of the omission of
the wells in which no palynomorph data were

available.

104
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southernmost wells, which have' the higher scores, contain only
foraminiferal events (see Table 2.1}. The comparison in Table
4.3 shows that this causes these wells to impart higher wvalues

to the scores of the foraminiferal events they contain.

Biological expianations for the first axis of
correspondence analysis were dilscarded because the latitude
related trend was also recoguized when a foraminifers-only
data set was used in a similar study by Bonham-Carter et .al.
(1986). Therefore the lower event scOres‘of the palynomorphs
are presumed to be mostly due to their absence in the high
scoring lower-latitude wells and the Rut well anomalous high

score is due to the foraminiferal events it contains.

As previously mentioned, the average palynomorph score is
-11.2. The average scores of the dinoflagellates and the
spores and pollen are -6.9 and -49.7, respectively. The mean
of all events 1s 57.4 and the standard deviation, o, is 135.8.
The marked difference in dinoflagellates and spores and pollen
average scores will be studied in the final application of

correspondence analysis.
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4.4 Correspondence analysis of the reduced integrated
data set '

To verify that latitude explains the first axis
correspondence analysis, DECORANA is applied to a modified
integrated data ;et made up of the 16 wells 1in which
palynomorph and foramiﬁiferal data were availablel{see Table
2.15. The resulting well scores are présented in Table 4.4
and ﬁlotted against the distance_from Neorth along the 600
metre depth projection line (see ?igure 4.2). The eﬁent

scores are presented in Figures 4.3 to 4.13.
4.5 Analysis of well scores

A North-South well differentiation 1s apparent in Figure
4.2, The Labrador Shelf wells show a progressively increasing
score to the south but, in general, have scores less than -29.

Similarly, Grand Banks wells show scores increasing southward.

The Grand Banks scores are characteristically higher than 33.
\ . “ .

The partitioning of the wells into two groups represents

a natural gecographic division that will be better explained by

examining time slices based on the eleven RASC blozones.
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WELL NAME WELL SCORES OF THE

(wells ordered FIRST AXIS OF

“from North to CORRESPONDENCE

South) : ANRLYSIS

I -

KARLSEFNI H-13 - -76

SNORRI J-90 -66

HERJOLF M-92 -37

BJARNI H-81 -2

GUDRID H-55 _ 5=

CARTIER D-70 e -60

INDIAN HARBOUR M-52 ~41 '

LEIF E-38 : -1 '
LEIF M-48 : -29 '

FREYDIS B-87 ~58 3
BONAVISTA C-99 50 '
CUMBERLAND B-55 33

DOMINION 0-23 113
- FLYING FOAM I~13

EGRET K-36

OSPREY H-84

Table 4.4: Well scores of the first axis of correspondence
analysis. Only the 16 well sections with both
foraminifers and palymorphs data were used in
this application of DECORANA. »

N
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Figure 4.2 : Plot of first axis well scores against the

distance along the 600 m depth projection line.
The Labrador shelf and Grand Banks wells show a
distinct partitioq/in scores.
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4.6 Analysis of event scores

The evenf scores range from -254 to 469 with a mean of
2.1 and an unbiased standard deviation of o = 139.1. The
average score of the foraminifers is 48.9, whereas the
-~ palynomorph average score 1is ~-19.6. The<;u rage scdres of the

dinoflagellates and spores and pbllen are -10.5 and -102.5,

respectively.

[y

In the)preliminary épplication of DECORANA, the
difference in the average scores of palynomorphs and
foraminiferé presented a‘major bias in the analysis. As can
be observed in Table 4.3, the difference Letween the-averdge
scoreg of these two gréups decreases from 190.0 to 68.5 and
the standardiged difference {difference divided by the

/H\\\Ftandard deviation) from 1.40 to 0.49. This difference can be
~

accounted for in major part by the relatively greater

abundance of foraminifers in the southern wells.

4.7 DECORANA-RASC paleocenvironmental interpretation

-

The RASC position of the events that occur in fewer than

7 sections; must be determined in order to subdivide the

[
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DECORANA output into the 11 RASC zones. By using the RASC
unique event option; a RASC distance is given to all:events.

This was carried out as described in section 3.2.1.

A prégramme named ZONER (see Appéndix B pages 315 to 318)
was created to divide tﬁe DECORANA oufﬁut into desired zones,
as specified by‘the user. ‘Thrs routine greatly accelerates
the pfécessiﬂg of the RASC zones.

All zones are plotted in descending order of well score
" .

{left to rqut) and in descending order of event score

{downwards) (Figqures 4.3.tc 4.13). These zones can now bé'

interpreted environmentally using the DECORANA analysis. '

Three distinct groups of events can be recognized. The
first and third groups fepresent events that have an affiﬂity
to northern and southern wells respectivelyf whereas the
second group represents either wide ranging events or events
with no particular affini£y. The séore boundary fer these
groups was selected .according tq the minimum Grand Banks group
well score (33) and to the maximum Labrador shelf group well
score (-29). To translate well scores into event scbres, they
must be multiplied by 3.58 as this scaling factor was employed
in DECORANA to facilitate the-analysis. The corresponding
event score boundaries for the second group are -104 and 118.
There are 65 events in the first group, 157 in the second, and

58 in the third.
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4.7.1 Chi-squared test

-
.

Ty

The events were divided into their respective-zones
according to their RASC distances and into their respec$ibe
DECORANA groups according to their first axis scores.

A contingency table was prepared (see Table 4.5). .The
expected event frequency of group j in zone i , Ejj, was

L
#

calculated as follows:
¥ Ejj = 83 * Sy / n - (Eg. 4.3)

, ,
(Where : 54 is the number of events in zone i,
3

S4 is, the number of events in group j, and
. n 1s the total number o¢f events.

The chi—séuared value for the contingency table is 25.55
which does not represent a statistically significant departure
from the average for a f;vel of significance of a = 0.05.and
20 degrees of freedom. The critical chi-squared value for a
=0.05 in each 2one (d.f.=2) and each group (d.f£.=10) are .5.99

"and 16.92, respectively. Again, no significant departure from

 the average 1s observed in any group or zone as a whole.

&
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TOTALS

]
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Group 1

10ME Horthern affinity

geore § ~104

0 4 ¢
I { 18 .47
11 i+ 2,55 0.82
111 13 10,45 0.82
iy 12 812 1.85
v 5 4,41 0.08
VI 4 5.80 0,56
VIl 5 5. 002
VIII § 9.52 LA
11 5 6,27 0,26
i 2 488 I
il 3 580 1,35
TOTALS §5 8.97
e

Table 4.5:

Observed and expected event frequencies in

each zone. O = observed freguency;
E = expected frequency and

¢ = Chi-squared measure {

(0~E)2 / E ).

113
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Howevér, the chi—squared measures do indicate‘interesting

variations in the distribution of events in the zones.
~ _ Iy

4.7;2°Env1ronmental interpretation of individual zones

Ten of eleven zones show a three-fold. differentiation. A
first group of evéntg, usually palynomorphs, 1s characterized
by scores less than 104 and is restricted to northern wells.
A secvond group encompasses most geographically wide féﬁging
events. Finally, the third group contains avents occurfonly -
in southern wells with scores greater than 118. It is fhe

ratio of the number of events in each of the ﬁhree groups that

reveals most about the prevailing environmental conditions,

Biozone I
,E‘_ox,aminif,ex_mtg._p,alyngmp\xgn._xafc.ig“; 6 to 2
Exgﬁt_sngxﬁmgxgupmrﬁiiaz 4 :4 :0
Average event score: -133

Sampling problems (missing data) were experienced 1n many

southern weils and the Paleocene was not sampled. Thesge
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well nugher

EVENT HAME - { SCORE
23 711 8 #1059 61514172016 21

EALARORERIDINIUY. RYROPHORUM 2 -y rrrrryoon I 1
GAVELINELLA BECCARIIEQRNIS 5 <50 { 1 111 1 Ix
GLONOSRIRA. CORONA 5 -8l itr1rt11r1 11
ALISQCYSTA CIRCUNTABULATA ' m -9 1 I X
PLANOROTALITES. COXRRRSSUS 60 -140 ‘ i
RZEHARINA_ERIGONA - 59 193 O U O I ¢ 1
SUBBOTINA PARULQBULLOIDES 1 -209 I 1
GAYELINRLLA_DARICH 62 -209\ X 1

4

Figure 4.3: First.éxrswresults of correspondence analysils

for Zone I of RASC biozonation.
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L

\

problems are apparent 1p Figure 4.3 and resulted in the

absence of events of grbup 3 in this zone.
f‘

Foraminifer to palynomorph ratio: 6 to 5

v

Event_score group ratio: 4 : 3 : 4
Average event score: 12

This zone marks the onset of c%imatic warming. Tt is
expressed as the northward migratiSﬁ of species (1.e.; greater
%diversity in northern wells). From Table 4.5 it is observed
that more specfés than expected are found in group 3. It can
be speculated that climatic warming did not homogenize the
event dis?ribution in the studygirea but gave a more
equatorial and tropical character to the assemblages while
preéerving the latitudinal gradient. This differéntiation is
similar to the one observed by Bonham-Carter et al. (1986) in'
their "Timé 2" and follow the general pattern of three-fold

latitudinal differentiation that is observed in most zones.
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¥ell nunber

BVENT NAXE . { SCORE :
2371108 410 5 9 6151417201621

— rr————— .

- i ¥

BLANOROTALITES AUSTRALIZORMIS 161 262 1 1
PLAROROTALITES . CHARNANI 194 261 I 1
ACARININA_SQLDADOEKSIS 52 128 § & 4 i G
SURBQTINA RATAGOHICA 5 119 i 1 11 g 11
PLANOROTALITRS PLANQCONICUS i1 75 .1 I 1
MEGASPORR SP._1 297 -2 J ¥ ¥y pyiy.,x
SPIRQRLECTAMMINA NAVARROAKA 54 -6 I 13131713111} 11 1
DRACORIRIOK CONDYLOS 393 -114 1111 11 1

CERATIOPSIS SPRCIOSA 326 -134 D S S O S O G ¢ 1

RISENACKIA CRASSITABULATA 198 -156 1 1

PALRQCYSTODINAUN BERJAMIRLY 507 -192 I 4

Figure 4.4: First axis results of correspondence analysis
for Zone II of RASC biczonation.
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Biozone III

Foraminifer to palynomorph ratio: 27 to 16
Event_score.group.ratio: 13 : 19 : .13

Average event score: 6

As in Zone II, more events than expected were found in
grouﬁs 1 and 3. The second group of events shows a
significant northward incursion of low and mid-latitude foims.
Examples of this incursion are Acarinina.densa, AJ aff,

Breoedermanni and A. aff. pentdcamerata.

As the previous zone, Zone III reflects the Eocene

climatic warming.

/

é&ggggg;gy f
| EgraminiianwngﬁgalynémgnghmxariQ; 15 to 21
\.Exennnssgxe_grﬁupmrﬂtigi 12 : 18 : 5

.Axaxage“amenn_agger -33

From Table 4.5, the climatic warming appears terminated
as the observed event frequency of group 3 is less than the
expected frequency. The northern affinity group is larger

than expected due to the numerous palynomorphs it contains.
. -~

R
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d ) ¥ell nuaber

EVENT NAME I SCORE . _ .
k\/\ 203 711 8 410 5 9 §151417 2016 21
MOROZOYELLA ARQUA // 162 469

H%MN&HL&N&M? 89 356

NQRQZOVELLA A 315 159 309 1
ACARTHIKA ARE.. ERNARN] 93 N X
RULININA RRADR 151 262 T
GLOBIGERINA SEX 226 262 1
ACARINIHA_DERSA 30 251 T
TORKA_P _EVITT/ {197 X
PHELODINION MAGHIRICUM ~ | 520 197 4
ADEATQSPHARRIRIUM RETICULENSE 329 184 11 {
OJANGULARIA BXPANSA . 49 125 4 1 1
GLARHROCYSTA QRDINATA Yoo 11 1
HBTERAULACACYSTA LERTALEA 24 12 i .

ACARINIHA ARE, PENTACAMERATA T ou . i

HUTTALIDES TRONPYI 160 84§ 1 . 1
ALLSOCTSTA_ORHATA . M3 8 3 : .
CORDOSPHRERIDIUK GRACILE won I 4 1 h{
CORDOSPHARRIDIVUM INODES 9 66 1 1
PIRUDOHASTIGRRINA WILCOXENSIS 6 W 11 1 1
BULIKINA QVATA 230 32 | %% )
ACARININA_INTERMERIA HILCOEEHSIS 9% 39 1 1
SIPHOGEHRROIDES. ELEGANTA 88 -3 i

CIBICIDOIDES ARE. WESTI 0 4 qr H
SPIROPLECTAMNINA SPECTABILIS.LEQ 7 -8 F O S T I S S | i
GLOBIGRRINATHERA RUGLERY 94 -14 b

- ADNATOSPHAERIDIUX VITTATUN 333 -4 i1 1
JLRITHRIAGEHABRRIDIUK LORERERSE 160 -43 1 I
AREQSPHARRIDIUN PIKTTOPLORES I -58 1 1
HISTRICHQEQOLROMA CINCTUK TURGIDUN || 432 -38 1 i
RULININA TRIGONALIS 5 82 11 111

HOMOTRYBLIVN TENUISRIHOSUN 21 -83 I 1z I 1
HISTRICHOSPHAERIRTUK TURIFRRUN 40 -43 I 1113 | 1
ARBOLIGERA 3ENQHRNSLS 306 -109 I i
CRRATIQRSIS DIEBRLII 1 -1 I 11311
RERLANDREA DENTICULATA YRR bY, I 1 1 1 1
ACHILLRODIRIUN BXRQRNQIDES 37 -129 I1I i
ARROSPHARRIDIUN 309 -137 11711 I
QPRRCULOPTHIUN CF HIRSUTUN 500 -155 1 1

EATONICTSTA URSULAB 97 -162 f I ¥ 13 4
PIATICARTAROLLEHITRS DA . 286 -169 i b ¢
APECTIDINIUN HYPERACANTHUN 299 -188 I I 111

LERATIOPSIS DARTMOORIA 112 -1 11 11 I
APECTODINIUK PARVUM 0-195 § ¥ ¥ %Il

APECTODINIUN QUINQUELATUM 301 -209 1 i

DEELANDREA CF BHOSPHORITICA 38 -242 i I

‘Figure 4.5: First axis results 6f correspondence analysis
for Zone III of RASC biozonation.
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for Zone IV of RASC biozonation.

reworking.

¥ell number
EVENT NAXR b SCORE
- 171008 410 509 6ISHITNEN
-

CIRICIDOIDES TRUNCANUS 137 469 11
PALEOHYSTRICHOPHORA IKEUSORIQTRRS 508 193 1 1
LENTINIA NRTZRLIT 172 178 1 4 1t
ROLISPRAERIDIUN SORARYY . 530 143 I I 1

APILLOSA ) 18 128 4 i
Ammwmf 04 82 11 1 i {11
SAMLAKDIN ~ 519 13 i I 1
K1SSELOVIA CRAJSIRANOSA 158 69 1 I 1
SPIROPLECTARKINA SRECTABILIS L 68 66 1 . 1
DRACODINIUN VARIBLOWGITUDUK {DR?) 39§ 55 ' o, 1
AROMALINOIDES.ACUTA 130 20 I 1 : 1
DIPHIRS COLLIGERUK 390 -20 11 111 I 1
APECTODINIUN HOMOMORPHUM 298 -26 1 111 1t t
BISSBLOVIA TRNUIVIRGULA * 459 -3 11X i
GLADHROCTSTA PASTIRLSII 413 =37 I I i 1 i
CIRICIDOIDES BLANPIRDI - 30 -5 ff 111y ¥ it H
CIBICIDOTRES ALLENI 12 -52 f11311 11 111 %
PALROCYSTODINIUN . 505 ~68 1 1 I 1
DLECTOFRONDICULARIA ARR. _PAUCICOSTATA | 41 -T2 -1 1yt ¢
ERONIDES_SPR. 5 .78 1 - S ¢
DRELANDREA QERISFELDENSIS 316 -84 1O S I ¢ i 1
DEELANDREA HYALINA 375 -99 1 t I
JEJBUNRCYSTA HYALINA 467 ~100 i i i 1
LEHTICULINA ULATISENSIS 15 -109 1 3
TURRILIHA_RQRERTSI 85 -136 11 I i i
CERATIOPSIS WARDENENSIS 320 -136 S G O b { 1
SPIRQPLECTANMINA DERTATA 35 -137 G O O i
DEELANRREA SR, B 380 -140 {1
NILSQNIDTUN ECHINOJUTURATUX 599 -141 Iy 11 1 1
SCHIZOCYSTIA RUGOSA 540 -147 11 1
AZOLLA 314 169 111 11 i
COMASPHAERIDIUM COMBTES . 44 ~178 Id
Wﬂﬂﬂs . 39 -209 I i

IRST 53 214 11 I

HODOSARIA CR. POZOENSIS 61 -254 Iz
Figure 4.6: First axis results of correspondence analysis

DR indicates



Biozone V
Foraminifer to palynomorph ratio: 7 to 11
Event_score. group.ratio: 5 : 13 : 1

Average..event score: -67

This zone reflect "equitable" climatic conditions with
many wide ranging species and fewer events restricted to the

southern wells.

Bigzone VI
Foraminifer to palvaemorph_xratio: 9 to 15
EMent_aaQre_grQupmnatig; 4 ;17 : 4
Average event score: -10

Group 2 events dominate this zone probably indicating

uniformity in environmental conditions.
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Well auaber
BVENT HAME } SCORE ) : ' ;
: ST OTILO8 4100509 6 tf 141720 16 2 i
, -. 3
GLOBIGERINA YEGUAEKSIS 8 213 ' 111 1 w
- EQCLANOPYZIS PENICULATA (DRI 103 81 | I { 1 1 1
FARRERIELLA CONVERSA TR - O | I 1 Iy X i _
HARGINULINA DECORATA o3 frrrigryiroo3 fx oyl N
AHNQGEHAEROIDINA 5P, 1 2 0 O G S G | i KO S G ¢ i
SETZRLIRLLA ARTICULATA 591 -18 111 I i t 't 1
CICLAMMINA AMBLECTRNS 29 -8 fr 1131131 {1311 1
ARKQLIGRRA SENOMENSIS 107 -3 i L i~ { )
HARLOEHRAGMOIDES WALTRI %0 43 1T 1@ 1 1Yy ;
HETZRLIRLLA SYNMETRICA 594 93 1 - X
{  IMCLEZQSPHARRINIUK SCALENFURCATUE 4T 63 S S O ¥ 1 ;
4 DAPSILIDINIUM SIMBLEY i t-n i1 i i i
IHEAGTDINIUN VICTQRIANUY 46 -39 i 1.1 I ]
| HETERAULACACESTA CANPANUL 23 -100 1y ‘. j
4 CICLONEPHELIUM VAKNOPHORUN /3132 |y 1yt X
EIRRODINIUM CINGULATON 533 -179 1 S S
SROKGODIHIUK DELITIRHSE (DR?) 560 -185 4 I
RRISTOMINA §P. 3 118 -206 | 1 1.1 1 !
|  ANOMALINA 5P, ] 173-232 f 18 11 ]
FIGURE 4.7: First axis results of correspondence analysis

for Zone V of RASC biozonation.
reworking. '

DR indicates
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B _
‘ o Well nugber g
EVENT NAKE } SCORE O
| J—4 : 23~m?595151417201521
I /
SATARSYRRAK AFE, DI3SIMILILS 4T 68 | Ve 11
_GLOBIGERINA_LINAPERTA §2 352 I 111
GLOBIGERIKA VENRZURLAWA .81 8 i 11 11
ACHONQSPHARRA ALCICORNY . e 148 I Iz 1
CHETIRLIELLA QVALLS 583 76 1111311 1 i Il
- JURBORQTALIA PQHERQLI 31 11 X i 1
JHALASSIPHORA RELAGICA i | 111 , 11 1
BULIMIXA RLAZANENSIS 0 o B i i I
_DMKODISCUS LATUS 59 51 T % SR U SR
_GLAPHROCYSTA RXUBERANS . 1 U 1y 1 OB D S {
-JHALASSTFHOBA PELICATA 518 2 i1 I i 1
Juunnacuuus_kiuomﬂnmu,s 263 -2 A S O O ¢ 3 I 1
- TURTDERNQDINIVK SULCATUN 587 -13 11 1 1S ‘\
JHARLOBHRAGKOIDRS. KIRK] 80 -58 1 ii 1 1 I I \
.HOHOTRYBLIUN ACULEATUM A6 -59 i ' B |
SXILSQRIDIUN JHTERKERIUX 600 -58 i 3
.DEELANDREA EQCENICA -7 11 1
-PSRUNQHASTIGRRINA MICRA | 85 -96 11 11. 1
ROTTHESTIA_BORUSSICK - 537 ~91 1 1 ¥
| CRIBRORARIDINIUK GEUSEPPRI * 447 -98 1111 11 4
_LINGULODINIUN DC f o479 -99 X i~ i ’
JOLISTRRHANORKARYS 531 -137 I 111 i
. THALASSIPHORA PATULS 571 -140 | £ 1 % 1 4
GLARHROCYSTA DIVARICATA b LS -1 11 /x DS <
JRPONINES POLYGONUS 206 -239 I i

Figure 4.8: First axls results of correspondence analysis
for Zone VI of RASC biozonation.
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O S

]
" Foraminifer to palynomorph.ratio: 4 to 19
: .

Event score group ratie: 5 : 13 : 5

.Axaxag&“ﬁmentmagesfﬁf o ng

the presence of the Coarse arenaceous Spp., a palececologic
shallowing“marker event.

5. -

Biozone VIII

Foraminifer to palvnomerph.ratio: 4 to 36

.Euenrmsggranggupwrﬁtigﬁ B : 25 : 8
Average eveni score: 14

Palynomorphs largeiy dominate this zone. From the
expected versus dbserved frequ%ncy values, of Table 4.5, it can
be concluded that the zone displays average behaviour of

latitude related trends.



well nuﬁher

EVENT NAKE I SCORE
' ' T11 8 410 5 9 615141720 16 2
PHTHARQPERIDINEUN LENIMURUK 527 163 1 1 I
PHTHANQPRRIDINKUN, ALECTROLQRAVN 523 152 1 ¥ 1
CHIRQRTERIDTUN, PARTISEIHATOM 40 135 1 ) 1
SPINTDINTUK SVERBRUPTANUN 54% 123 i S O ¢ 1
XISSELOVIA.COLRQTHRYRTA. (RRWOREED] | 457 119 i o111 1
OINQRETRIGIVY. CLADOIDES. SEHSU KORG, || 388 114 ‘ 1111 1
TURRILINA ALSATICA U n 1 i X A O A O O
RRONIDRS./UNBONATYS mon 11 111X
GLAPHRQCIS;EHIHIRICBTA {17 66 1 i1
RAONBQIDINEUN 535 55 1 i
HODOSARIAZCE. BLEGANTISSIKA §$ 53 1 X L1 111
CICLONRRHRLIVN B, .C 85 20 1t
| SPINIFRRITRS MRNBRANACRVS 54710 I 1
LENTIHIA. SRRRATA a3 I 1y 1 1 1
SYSTRKATOPHORA.ARRQLATA 570 -15. 1 O
COARSE. ARBHACEOUS. SRR, 5 -29 O D D S D § 1LY 1
TENIROON s -2 i i
CYCLONRRHRLIVK. 5P, B 364 -4) 4 1
SURCULOSPHARREDIVK . LOKGIFURCATUX 566 ~109 1 i
CORRUDINIUN_IRCOHRQSITUN 54121 .1z I
KETZRLIBLLA. DA 96 -181 I 1
RISTILLIPQLLENXTES _KCGREGORYE 84 -182 i1 I
LEMTINTA 470 -201 O ¢
&

for Zone VII of RASC biozonation.

Figure 4.9: First axils results of Eorrespondence analyﬁﬁs
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¥ell number

BVENT HANE § SCORE : .

{ 23 T8 407 9 6ISHIT0LEN
AREQOSEHARRIBIUM, ARCUATUN 10 294 Iy f X
. JSARELIRTNIUN COOKSONTAE_(DPR) 452 M Iy
JVIGERINA _RX.GR.MIOZEA-NUTTAL] 2 4 L fx ivy
_PALAROPERIRINION CRETACRUM 511 197 i )
PENTADIHIUM_LATICINCTUN 517 188 SO ¥ X
-SYSTEMATQRHQRA PLACACANTHA §71 137 Iy %_K_J—’\ i
KRHBRANOPHQRIDIUM ASPINATUN 85 1n i I O QB 4 {
ACHOXOSPHARRA CRASSIRRLUS iy 1n i e 1101 X
KYSTRICHOKOLRONA CTHCTUX_{PR] 431 110 i 11 . YOS SRS S ¢
-BISTATORIHIUM PARADOXUK 391 10§ X 4 ‘ 4 4
-PHTHANOPERIDINIUK HICRQOSPINATUM 526 98 i '
-GIROIDIHA_GIRARDANA 2050 O O O I O O 1) G0 G O O ¢
DIACROCANTHIE UM 383 69 11
JHETURLIELLA TUNARIS_(DR) 592 65 ¥ X
-LRJEUNRCTSTA_TRHRLLA 469 64 DN S |
WCYCTOHRRHRIIUM._MEMBRANTEHORUK 361 55 1 1
-GLOBIGERIHA PRAEBULLOTDES 15 52 OIS G S O QN G ¢ £ Y Lt yoyy
JOLIGASREARRIDIUR ASTRRIGRRUM 496 37 i I
CYCLONRRHRLIUN_DY 387 35 11 £y
.DEFLANDREA. PROSPRORITICA 31735 i1 e i i IR O A D O
_AREOSPHABRIDIUN. PRCTINIRORKE [DRJ L VAL 4 S S B O A S
CGUTTHLINA_PROBLENA i1 [ O O S S | 1 11
JCYCLONRRHRLIUN_DISTINCTUM 398 1 11 i 1 1
_AsﬂgﬂﬂSEHAEBRNRLHULIEEBA 25 -1 4 . i
~OLIGOSPHARRTDIUN COMPLEE. ADR] | 197 -3 4 Iy
~PHIHARORERIDINIUN i 522 -16 O U G O 3 O O O ¢
QYQIDIHIUM YRRRUCOSUN J 504 -53 i1 i
_HISTRICKQSPHAZRIDIUK DIFRICILE 435 -58 I : 1
_BRROLIGERA SEMICIRCULATA 305 -64 i 1 ~
JHELKT;QSPHAERIQLUH.TJ!BMEQDJJH 448 -64 111131 11
_ALABANINA SCITULA -1 11 AR ¢ 1
- PHTHANOPERIDIHIUK SCHINATUK 526 -84 1111 H i
FOLI3RHARRIDIUN 529 95 I X 111
-ALTERBIA_{DR} 345 -124 A S | 1
_CHATANGIELLA VHIGRI. DR 337 -140 | Id
JOKOTRIBLIUK 425 -140 {1
_ODONTOCHITINA COSTATA (PR) 493 -168 YO A ¢ 1
_CUPARIEIDITES B3 281 -190 Ly
_NIASSAROLLENITES DB 295 -199 i 111
_SEQUOTAPOLLENITES DA 290 5193 ) ; .

NiSSAPDLIERITES BA 294 -202 1 ii1iil

Figure 4.10:

reworking.

First axis results of correspondence ahalysis
for Zone VIII of RASC biozonation.

DR indicates
N
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;E.J.Q.zm@.:,_.l.is
gonaminifﬁrTxg;palganQrphmnatiQ; 5 to 22
EyentmsguzemgraupwratiQ; S : 18 : 4 ?
Average event. score: 1

This zone shows a uniform latitude gradient in its fauna
and flora. The correlation between the observed and expected
frequency of events (see Table 4.5) in_each geographic group

testifies to.the uniformity of this zone.

Blozone X
- Eoraminifer te palynomorph ratig: 5 to 22

Event.score group. ratio: 2 : 13 : 6

verage.event. scqore; 29

. /f’/\
upport the postulated onset

Several pieces of evidence
of the Labrador curreht at the begihning of this zone. First,
I'd

low and mid-latitude planktonic fora;;;}fefﬁjére absent from
. . ~

Labrador shelf wells, presumably because of low salinity
assoclated with the,Lébrador current. Furthermore, several

dinoflagellate warm temperate specieé show local tops in this

f’////-zo#e, such as Hystrichokeolpoma.rigaudae, Lingulodinium &

mhchaexnphgrnm and Operculodinium israelianum. These

1

% S
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Well nugher
BVENT HAME } SCORE
23 711008 4100% 9 6151172016 21
SPINIFRRITES NONILIS 549 262 - 1 4
CICLOGTRA. INVQLYEHS 191 156 i 4 iy
REISTOMINA SLEGANS 1 151 i { P O O |
PALEOCTSTODARIUN. GOLTANBHSE 508 130 i L T O T
TSABRLIDINIUN_ACUNINATUM_(DR) 149 114 L i
BLLIPSOIRICTIUN 399 86 i £
DERLANDREA SPINULOSA (DR 19 81 I 5 X £ 1 t
CHIROPTERJIDIUK_ HESPILANUN (DR?} Kk 1 4 G G O O G iy
CORNOSRHARRINIUM _CANTHARRLEUN M6 57 1 {11 Ot i
TANTOSPHARRINIUM DA 5715 50 1 i X
SPIROPLECTANMINA CARINATA / g -48 LGS D N O U S N N0 NN OO O A O O
DAPSILIDINTUN PASTIRLSIT TS T ) 1 LD D S G O S S W §
PARALECARIRLLA. JRDENTATA 518 10 ¥ 1 X {
CYCLOPSTBLLA VIRIR 09 -~ | % G { ¥ i
LEPTODINIWY . : -l O GRS SR SR ¢ i
SVALBARDRLLA ' ~ 568 -6 X 1
PHTHARQOPERTDINTUN COMATUM {BR) 525 .22 R G R S O O
HOROLOGINBLLA 428 -55 1 i
APTRIRINIUN_RCHIROIDBUN. (DR?) 543 -56 i
CHATANGIRLLA_TRIBARTITA (DR} 35 -0 i1 i1f 1
RHTEANGRERIDINIUM_AMQENUK (DR1) 524 8% oy ¥
CORDOSPHAERIDIUN. FTBROSPINOSUM. (DR2) ¢ ~347 -36 iy I i
CIRICTDQINES . GROSSA : 270 -138 | i
SCAPHQPOR SP.. .} 67T -148 | & 1 f ¥ I 111
FOLYRODTACIRITES. DA 288 -154 11 O ¢ t
LACIHIADINIUN 461 -192 ¥ i
ﬁKQHQIAEQ%&jHIIEﬁ 289 -209 i 1
—

ﬁﬁgure 4.11: First axis results of correspondence analysis
for Zone IX of RASC biozonation. DR indicates

reworking.
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Well nuaber

EVENT HAMR { SCORE

23071108 4105 9 6151417201621
_SPHAEROIDINA_RULLOIDES 117 262 i i
JEHATOSPHARRQRSIS BALCONBIARA 492 M1 1 i
_JSABRLIDINIUM BRIEASTENSE. (DR} 451 180 D G ¢ 1
AYIGERINA PERRGRINA 18 135 D O I
-SPRINIEERITRS_SCABRATUS 554 131 1 J I I
ASTERIGRRINA.GURICHI (PEAR} 265 124 I3 I
-PERISSEIASEHARBIDLUM 18 84 1 1
BONBACACIRIZRS DA M9 N 111 1 R S S S N i ¢
ODONTOCHITINA. QBERCULATA {DR] 194 6% 1 1 i 1
-OPERCULOPTHIUK ISRARLIARUN 502 &0 I 1. 1 i i 1
_EERATORULININA CONTRARIA - 16 48 T yrIfyrrxyrzyigi
_GHIRQPTERIDIUN_LOBQSRINOGUN (PRI | 339 32 4 I X I
LIHGULODINIVK HACHARROEHARUN 74 28 p X T ¥ I ¥ Xy¥xigyiyyx
JHYSTRICHOROLROMA RIGAURIAR 433 -5 I 1 11 13111 b
-POROCARRIDITES. DA , 87 -56 11 O O S G A O | i i
_TILIARPOLLENITRS 291 -1 111 ‘ 1 I
JQVOIBINIUK 501 -81 § .. 11 1
JXLIARPOLLENETES. DA 292 -87 11 111X
XENIKQQN_DA N6 -9 1111 iy %
Y STRICHOSPHARRIDIUH 434 -202 1 i
_CHLAMIDOPHORELLA IR o 342 -218 ﬁi\f I

Elgure 4.12:

First axis results of correspondence analysis
for zZone X of RASC biozonation.
reworking.

DR indicates

129
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premature extinctions are also associated with the decreased

salinity due to the current.

. The event score group ratio shows more species than
eipected in the gebgraphically wide‘ranging second group and
in the third grbup. In the first group fewer events thian
expected are observed. - The decreased frequency in the first
group canh be explained by the current sweeping the fossils
southwards. Unlike the situqtion in the E&cene, nore species
were not brought into the study area as the current came fiom
an area ¢of low diversity. The increase in the frequency of
the second group is a direct result of the decrease in yroup
1. Finally, group 3 displays higher than expected diversity
as all species requiring higher salinity were restricted to

southern wells. . \

Biozone XTI

Foraminifer to palynomorph ratio: 9 to 16

T

Event _score group ratio: 3 : 14 : 8
Average evenf score: 48

Again, planktonic foraminifera are restricted to southern
wells due to the low salinity on the Labrador Shelf brought on

by the Labrador current . Moreover, few species are found
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. ¥ell number
EVENT HAKE [ 3CORE

: 23 T1 8 410 5 9,6151417201621
HOHIONELLA_PTZARRENSE 11 282 -1 3
CASSIDULINA. CURVATA 109 262 X 1
ASTERIGERTHA GURICHT 17 181 I O O S U B G B |
DICONGDINIVY 1N ’ X X
SUEATRARIKIUN : 55 1M I X I
BURSENROIHA GRACTLIS - -8 152 1 SN SR SR
CASSIPULINA.RP, 76 149 .13
SPIRIDENIUN CR VESTITUN 546 135 1. ' i
UVIGERINA_CANARIENSIS 10 100 1 1 11 %X i
SPINIEERITRS. EJRUDQRURCATUS [DR) § 352 M b 1 1 18X 1
APTRODINIUK _SPIRIDOIDRS (PRI 303 64 i 1
CAUNOSRHARROPSIS DA 320 &4 1 I
QPRRCULOPINIUN. CENTRACARDLN 501 64 1 I 11 1 SO S | 1%
PIHUS 23 3 ) f1¥yiii f3¥¥Iiiriix
SYSTRHATORPRORA ANCIREA (DR 569 28 I ¥y iiiyiiio oIl
HEQOLABOQUARRINA_PACHYRERKA 1 13 I I
TSUGARROLLENITRS INGNICULUS % 413 rrryriryy¥iyrrofr1
CHENORGDIUNSRQRITES DA 280 -21 I I 1 11X
OSNUMDACIDITES.DE - . 82 -3% f 1 r¥IIify¥iiyil 1
RLEHIRIUK SPP, 17 -4 X R 1
QSHUBDACIDITES \ 296 -95 111X I 1
CASSIDULINA TERETIS 228 -9% 11 1 1 1
CHATANGIELLA_{DR) ! 330 -108 I 111 i
CORDOSPHARRIDIUM HULTISPLINQSUN 350 -122 I 1 1
ABIES 64150 § 1% ¥ %%y Iz

Figure 4.i3: First axis results of correspondence analysis
for Zone XI of RASC bjiozonation. DR indicates
reworked species.



only on the shelf area because of the current. Sampling
problems were experienced in southern wells as can be observed
from the abéince of Cassidulina_teretis from many southern

sections. This species is usually a good regional marker.

“~

Proportionally to other groups, more species than
expected occur‘in the high scoying southern wells,-in spite of
the sampling pfpblem that was experienced., The environment
was probably . ;é favourable to most speciés “n these wells

because they are not influenced by the Labrador current.

4.8 Conclusion

R

{4a) The use of correspondence analysis to complement
RASC provides a powerful tool to characterize

paleoentironmental gradients in the biostratigraphic record.

{4b) The onset and decline of paleocceghographic currents

differentiated the wells into two groups and imparted

gradients in the well gcores of both groups.
: I
(4c) The events scores were divided in three groups

reflecting either a northern or southern affinity, or a

N

‘ N\
widespread distrihytionS

\\J :

2
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(4d) The postulated onset of the Labrador current early

'in Zone X time 1is supported by the event scores resulting from

correspondence analysis. %

= mgy
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5. Frequenc;/nistrihution of Biostratigraphic Events

5.1 Introduction

The RASC mddel assumes that all events display a normal
distribution with equal variances. This study attempts to
verify these hypotheses and to modify the RASC model

accordingly.

Individual well sequences are compared to the scaled
optimum sequence using spline fitting techniques to obtain
estiqateé of the variance of the events. The frequéncy
distributions of events can be computed by collecting the

X digferences between the kqown (observed)lRASC event positions

_and their spline (expected) values.

The variance estimates can be used in a modifisd RASC

+

routine that does not assume equal variances for all events.
The frequency distributions can further be used to study the
positions of events in individual wells relative to their
average position. This measure is useful in tracing the time

transgressiveness of events and to identify good marker

avents.
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5.2 Methodology

»

The scaling assumptions of the RASC model are listed in

"sectlion 3.2.3. To recapitulate, 1t is stipulate%/fhat each

—

event has a Gaussian distribution along the ﬁASC£S?a1e with a
méan position value of EXgyept and a variance dficz. The
variances of éll events are assumed to be equal, and are given
an‘arbitggfy value as they cannot be estimated at the same
time as the interevent distances. The interdependence of .the
variances and of the computatign of the RASC scaled optimum-

l! - N
sequence prohibits the measurement of the frequency

distributions f£{Xgyept) within RASC. \HJ//“\\_/

f
This study is based on the methodology developed by

Agterberg and D'Iorio (1988} in the study of the frequency

distribution of foraminiferal events in the Grgﬂstein-Thomas

database {cf. Gradstein et al., 1985}.
5.2.1 Frequency distribution model

Freguency distributions can be estiwated by comparing
observed and expected relative positions of events in

sequences where the RASC event distances are the observed data
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points. To estimate the expected RASC dis;ances of all
occurrénces of each event, the well sequences areAindividually
plotted against the scaled optimum sequence and spline-fitted.
The expepted MASC position of an event in-a well will be
approximated by the spline-curve value correspondinﬁ to its
level in that well. Once the differences between observed and
expected values are caléﬁlated, the frequency distributions

can be estimated and the RASC assumptions verified.

‘\K . '
5.2.2 Spline~-fitting techniqgue

A spline-curve of the nth degree is a piece-wise
polynomial expressing y as a function of x, whose first (n-1)
!
derivatives are continuous. The abscissae in which the pieces

jein to form the curve are called knots,

There.are two types of spline-cives, ordinary splines
and smoothinﬁ splines. They differ in that the latter curve
does not go through data points and its shépe is controlled by
the sum of squares of the residualg, as measdred'in the
direcfion of the axis of the dependent variéble. Both types
of splines can be solved by the same type of mathematical

. .
equations. Smoothing splines are better suited to most
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geological applications where data points do not represent

error-free measures.

Cubic splines are used in this application because

]

} splineé of the third dégree are computationally simple and

have sufficient flexibility for me;t purposes (Wold, 1974).

The following discussion is based on Reilnsch (1967, 1971).

Spline functions are fitted to points x4 and yi, 1 = 0,

1, ..., n, assuming that xXg<xX1<Xp<...<Xp. This function can
be described as: ¢
Yi = g9{x{) + ey . (BEg. 5.1)

where ey is an ervor term of known standard deviation oj.

’

A cubic smodthing,gpline can be fitted with e = 0 at one
or more tie points (Agterberg, 1988); the following condition

can thereby be stipulated:

vyi = g{xi) = a4 + bj(x - xi) + c{{x - %x4)2 + d4i(x - xi)3
C (Eg. 5.2)

and

g{xj)- - g(Xﬁ)+ =0 (1 = 2,...,‘n-1) . (Eg: 5.3)

-further,

g"'(‘x))_ - g'''(x4)4 = 2P ey (L =1,..., 0) (Eq. 5.4)

.‘J
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A\ where p is a parameter to be determined later.

Reinsch (1967) expressed the solution of a cubic spline

as minimizing:

[u 4]
[ {g" (x)* dx} - . {Eq. 5.5)
(X3 ‘
such that:
2
n g(xX4i) - ¥4 A ‘
= b aininiele bbb < 8 (Eq. 5.6)
i=0 ‘/ Gl 4

whgre S is a constant.

.

™. The previously mentioned Lagrangian parameter, p, can be

\/'

introduced for minimization:

JII‘ .
] ‘ j '
(212 d }- %: [ g(xj) -.vi }2 4
g"(x X} + P | D |==mmmmmmm——- +z2 = 3
|- |

¢ (Eg. 5.7)
S . where 2z is an auxiliary Variable.

From the Euler-Lagrangian equations it follows that the
A optimal function f(x) obeys:

fFrov(x) = 0““Hxi‘< X € %447 (1 =1,..., n-1) (Ey. 5.8)

<
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The following Reinsch (1967) abbreviations are adopted to

simplify -the notation:

C: column Vector with elements cj,

H
1
no
)
I
-

&
Y: column vector of elements yj, i’

1t
=
-
.
-
-
par)

T: positive definite tridiagonal matrix _of order n-2,
. e
containing elements tj j = 2{(hj-1 + hj) / 3, ti,i-1 = tis+1,i =

hy / 3, where hy = xi+i - X{.

al

Q: tridiagonal matrix with n rows and (n-2) colunmns
containing elements 9i-1,1 = 1 / hi-1, gi,1 = -(1 / hy-1).- (1
. ' N - G
/ hil, and gi4+1,i = 1 / hyisq.

A: column vector with n elements aj.

‘ ¢

D: diagonal matrix of order'n with dj 4 = Gj.

The égutinuity of the first derivaiivre can now be

-

expressed as:

TC=0Q' A . ' (Eq. 5.9)

»

and the condition of the third derivative becomes:

QC=p D2 (Y- A) \ (Eg. 5.10)

From Equations 5.% and 5.10, it follows that:

C=p(Q D @+pT-10Q"Y¥ . (Eq. 5.11)

g
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and:

A=Y -plpzgec (Eq. 5.12)

To solve for p, Equation 5.7 is minimized with respect to

z and p, leading to: .
~ pz =0 ) (é;q. 5.13) \
j - _
> * A‘
Equation 5.7 now becomes: {
n g(xi) - vi 12 |
e 5 [ ............ ] = s - z2 « (Eq. 5.14)
1=

From Equations 5.11 and 5.12 it follows that:

s -z2=Dg (D D2 Q)-lgy (Eg. 5.15) [

From E&uation 5.13 it can be deduced that.either p = 0 or
z = 0. As Ehe right-hand side of Equation 5.15 is non-
inegative, przlb only if § 20?2 reducing the cubic spline to a
best fittigg straight line. This least-square fitting line is

defined by:

:oag = {1'_ D2 Q ( D' D2 Qj~1) Vi (Eg. 5.16)
I .

by = (ai41 - ai) /o (®iey ~%y) (Eq. 5.17)

ciy'=d; =0 ' ' (Eg. 5.18)

If z = 0, the parameter p is obtained by.solviné Equation'

5.14 that now becomes: - ‘ /
: L
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S=DQ (Q D2 Q+pTTlqQ ¥ , (E4. 5.19)

The solution Lo Equation 5.19 1is solved.algorithmically
¢ | ST f
by Reinsch (1967, 1971). The computer algorithms used to
n
solve equations of spline—curves are published by De Boor

,(_19'78). p

'spline.fitt can be_applied'to plots of relative levels
of events in wells adainst their RASC'disténces from the top

of the scaled optimum.sequence.‘ The data points become the
knots of the‘épline—cuer. If two or more events were to

occur ét the same level (coeval events), they are replaced by

a point wﬁose cqardinateg are that levei and the averége RASC B

4 .
istance of these coeval events.

. | . o,
smoothing factor (SF) is determined as being the sqguare
root of the mean squared deviation of the RASC values, at the

. knots, from their respective spline values.

|

{

Y

5.3 Preliminary results
ﬁii{
The 23 well data set was analysed to estimate freguency
distributions for separate events. The scaled optimtm
sequence presented in Chapter 3 was used as the starting point

in this study. The "unique" events included in Figure 3i5'
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were removed from the scaled optimum sequence so as not to
bias the results with events that do not occur in at least the

threshold number of wells.

A preliminary step 1s to obtain the spline (ekpecggd)
values for the events pos;tions for all events in all wells.
Spline fitting is carried out according to De Boor's (19738)
algorithms, by a FORTRAN 77 programme named SPLIN. For the
purposes of this stirdy, the levels of events in the well
sequences are used as .independent variaples and their RASC
positions measured from the top of the écaled optimum sequence
are used as dependeﬂt variables. In order to have a smoothing
factor thét is representative of. the standard deviation of the
feslduals, Epeval events were seﬁarated by”1/1000th of a unit,
and no averaging of values for coeval events was carried out.

Twenty-three input files were pfepared for SPLIN, one fov
each well. Ea;h file contains the Qictioany nunbers of the
events occuring in that well, their RASC positions in the
scaled optimum sequence, their respeqtiye levels and depths in
the well and weights. The averaée SPLIN weight and the
smoothing factor are inversely proportional. In this
preliminary step, welghts of 1.0 are set with a smoothing
factor value of SF = 0.7071 for 1/V2). This S5F value was

choéen because it corresponds to the fixed value of the

standard deviation of events as assigned by the RASC mndel.

/
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It is noted that identical results wbuld be obtained by using

welghts of 0.7071 and smoothing factor SF = 1.0.

The SPLIN programme réturns an output file containing the
4
Yevel of the wevent in the well and its eiggcted po;iﬁion in
the RASC staled optimum sequence according to the specified

» .
smoothing factor.

5.3.1 statistical Lehaviour 6f data

\‘_

To collect the deviations between ohserved énd exXpected
RAST \positions, the 23 input and output. files inwust bg coméared
ané reorganized to regroup individual eyents and to measure
théir means, standard deviations, and other statistics, and to
prepare histograms of their distribution. 2 BASIC programmé
named MODULES was prepared to manipulate all files and to
compute the pertinant statistics. It is listéd in Appendix B
(pages 318‘to 325). Also listed in this appendix is GRAPHTOT
{pages 326 to 331}, a routine that uses the MODULES output
fiNes to plot histograms of the frequency distributions of
eveghﬁ\and to graph the geographical position of the
deviatian from expected positions on a North-S?uth aXxis. The
user may select to view, print and/or save the plots that are

produced.
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Table 5.1 lists the results of this first measure of the
frequency distributioﬁs. Two variances.are listed; the first
corresponds, to the computed unbiased variance whereas the
second value calculates tgb unbiased variance if the mean was
zero. The term unbiased indicates that the sums of squared
deviations were divided by degrees of ffeedom fi. The second
variance is the most important because a.basic premise of RASC
is the normality of event distribﬁtgpn. The unblasif

variances using a mean of 0 are the ones retained for further

discussion and application.

-

A pooled variance of all species, s?%, can be calculated

as follows:

fi s*1 j -

s2 = (Eq.5.20)

fi

M

.
TRy B

where: f = nj - 1,
n{ is the number of occurrences of event i1,

s24 1is the variance of event i.

The s2 value is 0.474 for the 85 events in the
preliminary step of frequency distribution qnalysis. This
measure was approximately as expected hecause RASC assigns a

variance of o2 = 0.5 to all events. The closeness of these
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. Table 5.1:

145

Preliminary frequency distribution of RASC .
events. Events are referred to by theilr dictionary

-number as listed in Appendix A. F4 is the number of

wells in which the event is identified, o2 is the
variance and (0 mean) indicates that the mean was

.assumed to be 0. The value ¢ 1s used as weight
" in the following run of RASC.

' &
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h 3
Event RASC Kaan Fi a i J
nugber distance ) {0 zean) weight
281 0.000 -1.0%% 15 ¢.120 1,311 1146
293 0,201 -.90¢% 14 0.10% {.94§ 0.997
n 9.357 -0.802 g 0.132 0.337 0,942
22 0.502 -0.437 1 t.210 1,036 1.011 u
16 0.99] -0.653 11 0,119 0.589 0.787
218 1.11% -0.154 8 0.500 0.527 0,126
569 1,369 -0.313 14 0.226 0,340 0.588
17 1.404 -0.375, 11 0.1%5 0.307 .554
501 1.484 -0.283 13 0.198 0.28% £.514
552 1.449 -0.265 1 0.127 0.204 0.457
282 1.592 -0.27% 13 0,311 0,193 0.627
115 1.866 -0.312 10 9.335 0.443 0.666
133 1.902 -0,253 : g.402 § 0.4Mm 0.6
14 1,905 0,290 2 ®203 0.292 9,540 4
i 2.01¢ -0.1M 16 0,622 0.6%4 0.008
279 2,028 -0.067 11 6.473 h.478 0.691
281 2.082 -0.145 11 0,330 0.353 0.594
67 2,339 -0.061 § 0.123 0.128 AW
1 1.387 -4.305 11 AN 0,538 0,734
338 1,526 -0, 104 11 0,280 £.292 £.54¢C
18 2,330 -9.01 2 0.2 0.216 0.455
179 2.559 : D.gfi\‘) 1 0.70% 0.71 0.843
LR 2.638 0,433 g 0.387 0.368 0.607
525 2,713 0.0, 8 0.621 9.6 0.789
Tl 2,133 0.083 11 0.477 1.484 0.69%
i3 2,094 -0,226 1 1,253 1.313 1.146
3! 2.897 6.181 11 0,157 0.193 0.439
522 2.951 0.056 10 0.316 ¢.319 0,565
20 2.580 0.208 18- 0.165 0.219 0.459
10 3,081 0,182 8 0.112 0.159 0.387
15 1.089 0.187 20 #0271 . 0.308 0.553
25 1,187 0,255 12 9,249 9.320 0,566
448 1,718 0.028 B 1.044 1,049 S 1.022
mn 1.18% 0.044 8 1,563 1.566 1.251
. 3,43 9.007 1 1.045 1.045 1.022
24 1.626 0.1583 14 0.154 0.180 0.4%4
5 3.094 0,144 19 £.283 0.308 0.353
69 3.1 0.072 11 0.430 b.438 0,660
27 © 3,785 6.031 10 ¢.405 0.406 ¢.637
258 3.973 £.139 14 6,082 0.103 0,321
81 4,038 0.087 10 0.321 0.328 0.574
416 §.07¢ -0.047 8 1.839 1.641 1.281
593 §.085 -0.10¢% § 0,354 0.967 0,381
437 4,223 -0.046 1 0.11 0.793 .89}
continued, ..

LSS
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Event RASC Hean al gl ¢
nuaber § dlstance ’ (0 mean) § welght
33 .11 -0.034 T 6.7 0.725 0.452
260 4,226 -0,051 14 0.169 e 0.414
kL | {.137 -0.251 1 0.244 ¢.313 0.560
591 §.259 ~0.084 g t.319 0,326 0.571
82 .12 0.014 1 0.092 0.092 0,303
261 §.408 To.0,009 15 0,158 0.158 0.397
263 4,529 0.011 11 0.313 9.313 0,560
84 o 4755 0,048 1 0.093 0.0496, 0.310
m §.770 0,429 1 0.809 1.02y 1.011
il 4,888 0.089 17 0,226 0.231 0.480
264 .91 0.222 9 0.2714 0.329 0.574
40 4,938 0.118 1 0.307 0,323 0.569
85 £7950 0.212 8 0.620 0.571 0.819
380 1.951 0.195 8 t.662 0.705 0.840
29 5,005 0.292 19 0,213 0.303 0.551
294 5.082 -0.14 9 B.485 6.502 0.708
{2 5.100 0.108 13 0.463 0.476 0.6990
30 5.103 0,047 12 ¢.258 0.261 0.511
1 5.183 0.211 13 0.537 0.585 0.765
68 §5.222 0.351 1 0.180 0.323 0.569
I 5,284 0.413 7 1.34 1,532 1.238
s 5,310 0.211 ] 1.313 1,364 1,168
57 5.3 ~0.052 17 0.387 0.370 0,608
86 5,338 0.16% ) 0,164 0.197 .444
50 5.4 -0.033 g 0.200 0.201 0.449
36 5.514 0.917 il 0.289 0,289 0,538
AS 5,540 -0.083 8 [ 0.720 0.728 0.853
{18 5.693 0.191 7 0.282 0,326 6,571
§40 5,694 6.157 7 0.604 0.631 0.795
93 5.824 0.085 7 0.152 0.161 0.40%
37 5.829 0.063 7 0.207 0.211 0.460
297 £.104 0,353 1 0.532 0.666 0.816
393 C8.43 - 0.407 T 0.193 0.386 0,522
50 §.253 0.292 11 S0.131 0.226 0.476
126 §.299 0.32% § 0.442 - 0.563 0.750
54 5.389 0,188 U 0.424 0.4681 0.679
52 6.422 0.422 1 9,237 0.45 " | 0.667
36 6.949 0.4712 15 0.127 0.366 p  0.605
512 1.176 0.626 9 0.322 0.762 [ 0.873
55 7.339 0.452 9 0.030 0,320 ~~ 07566
55 1.781 0,789 T 0.15% 0.885 0.941
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two values (0.474 and 0.5) indicates that the frequency
<
distribution estimation method is a good one.

, -
i

5.3.2 Test for equality of the variances of events

From Table 5.1, it can be observed that the variances of
events differ significantly from one another. This can be
statistically verified by the Bartlett chi-squared test for
\equality of variances. Bartlett has shown that .the chi-

squared value may be estimated as follows (cf. Hald, 1952,

P.291): .
| & k .J
(chi)z = -=(1/c¢) 2% In (s2y/s2) {Egq. 5.21)
. is .

where:

‘ k

c =1+ X + { 1 -1, (Eg. 5.22)

3 (k-1) S TR

The chi-squared measure obtained for the data. set was
158.5 which exceeds the 99% confidence level of 117.1 for 84

degrees of freedom. This test confirms inequality of the

variances s2j.
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5.3.3 Test for normality of event distributioﬁ

-

One of the first assumptions in the RASC scaling
procedure is normality of event distributions. lThe
calculation of z-values is based on this condition. Because
't is established that the varilances are inegqual, all
collected deviations between expected and observed positions
can pe divided by the corresponding stahdard deviation of
thair events in order to standardize all values for

comparison.

It i1s-'not possible to test the normality of the
distribution of individual events.because'of the low freéuency
of each event. -However, it 1s possible to tesﬁ the normality
of all events as a whole by plotting the ¢13 standardized
deviations in oné composite histogram (see Figure 5.1). This
figure is approximately symmetrical. Thirteen classes are
plotted, each representing intervals of 0.4. To test the
normality of this distribution, expected frequencies were.
calculated for each c¢lass using o = 1.0, The ensuing chi-
squared estimate is equal.to 11.63. This vdlue is less than
the 90% and 99% confidence intervals chi-squared values of
15.99 and 23.21, regpectively, for 10 degrees of freedom. It
may, therefore, be concluded that the standardized deviations

have approximately a Gaussian distribution.

-7



Figure 5.1:
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composite histogram of the standardized
deviations of events. For the chi-squared test,
each interval ranged 0.4 units except for the
first one which amalgamated two classes: a first
ranging from -3.0 to -2.6 contalning 1 event and

a second ranging from ~2.6 to -2.2 containing 4
events.
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5.4 Calibration of the RASC model

L

The preceding results suggest that a refinement can be applied
to the RASC model. The assumption of equal variances for all
events can now be modified 13 estimates of separate event

standard deviations are avaﬂlable.

l, L

5.4.1 Refined probit estimates
The scaling process in RASC is baséd on interevent //
'"distapce" estimates (see section 3.2.3) which depend on -

- .
problt values of event crossover freguencies.
P

The probability of event A occurring above event B {or P
{Dpp > 0)) 1s assumed to be equal to the relative grequéncy of

event A occurring above event B. This probabillity can also be

expressed as://_—ﬁ\

>

-

++]

21/2 -
P (Dpag > 0) = 1. . I e dz (Ed. 5.23)
J(2m) '

SAB/OV2

o~
where: gap is the mean interval between events A and B

{see section 3.2.3), and
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o2 represents the standard deviation of the

random variable Dpg-
- .
" In.the RASC model, o was set equal to.an arbitrary value
because it was not possible to estimate both o énd-aAB from
the same ééuation. To $implify Equation 5.23, o was assigned

a value of 1/y2.° o .
—

" The'refinement of the RASC model is based on using
- J, . i : )
estimates of variances of Dpp based on the measured variances

of eQewts A’ and B where:
o2(Dpg) = o2p +, 02p - (Egq.~5.24)

where: o2y is the measured unbiased variance of event X,

based on a mean of 0, as eétimat%g in the L
: ) ' A
-frequency distribution calculations.
\ //"I - 7y
JIn tﬁe new- RASC model, Eguation 5.23 becomes:
¥
) o . -
C ‘ . =2 —
P (DAB > 0) =y ﬁ..;__l._..__ e " dz ({Eq. 5\.25)
Ji2m) .. : X :
* 6pp/V{o2zp + o©2R)
1 " The main RASC routine and four subroutines were changed

fo accommodate this new model of different event variances.

1

_The modified routines are listed in Appendix B (pages\333,t9_

360). The.previously mentioned changes in the\EﬁSC model

~

resulted in the caléulation of new z-falues with:
).

by ¥ . e

Y
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- . -

Z'A'B = zpapg * \,-'(0.2-)_\ + o2g) (Eq. 5.26)

with all other $§hditions remaining the same.as in the

- original RASC model.

S -8 . |
. ?he £inal reordering'option of RASC is not used in
modified RASC to better evaluate the effects of variable event
standard deviations. ModifiedJRASC requires:an_extra input
file in 216 format containing event numbers and thelr

respective standard deviations multiplied by 10000, a

procedure adopted to simplify the programming. (;r*J

'5.4.2.Iterative RﬂSC procedure . n'*J*

A

After the first step of modified RASC, new frequency
distributions were obtained and new estimétes of standi?ﬂ\
deviations of eyents were used'aiwinput for the next run of
modified RASC. In the second and subsequent applications of
spline fitting, the weights that were preVidﬁsly set equal.to
one, were assiéned phe values of, the standard dgviétions of
the porresponding events. To compensate for this change, the

-4
smoothing factor was increased to SF = 1.0. Because of the

inverse proportiomality of SF and average weigﬁts, the overall

result was ‘not affected by these changes. o LW >
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The iterative procedure of applying RASC ahd
recalculating frequency distributions was continued until the
standard deviations wefq converging. The fourth set of [
frequency distriﬁutions was retained as the refined sclution.
The deéision to retain the fiourth solution was based on
observed.stabilizatibn of the s2 value.anﬁ length of the

scaled optimum sequence. An equally rabid convergence was

] -
obtained by Agterberg and D'Iorio (1988). . , ~)

\

-

| A ‘ .
5.5 Refined frequency distributions

/6ne effect of using. the separate standard deviations of
eveﬁ%s is the shrinking of the size of the scaled optimum
sequence fram.7.781 RASC units in the initial rup €6 6.753
RASC units'affer the final iteraPion. THis decrease in length
of the scaled optimum sequence is linked with a similar
decrease ip tﬁe standard deyiations.~ Tﬁe pooled variance
values, sZ, are:v0.474, 0.406, 0.353, and 0.375 for the first
to al iteratioﬁs, respectively. The length of the RASC
Sequénce Qecregsed by 13.2%.whereas the stapdard deviations

(l
diminished 11.1%{’on average, between the initikl and £final

Xd
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5.5.1 Behaviour of data set

- - .
The results of th; final estimates of fregquency

?istributions are listed in Table 5.2 and plotted in Appendix
hY bl

1

C. The variances remain significantly different as suppoﬁ%ed
by a chi-squared meaéure of 316,-35 calculated by Equation
5.41. As previously'mentioned, the corresponding 99%

confidence limit is 117.1 for 84 degrees of freedon.

The average deviation ffﬁm'meéP poéition for each event
is plotted against its respectiye RASC distance (see Figure
5.2). This plot indicates clear departures from tﬁe mean
bosition at the top and bottom of the sequence. These
differences were not affected by the modified RASC iteration
and are probably the regult of spline fitting underestimating
values near the top of the sequence and overestimating them
near the bpttomf This tendency is accentuated by the sampling'

problems experienced in some wells for the Late Miocene and

TN
Paleocene sections (see Chapters 3 and 4). The RASC distance 3

estimates are less accurate as fewer events arer present in <;/\
these zoyes. Furthermore,_the RASC model may qggrestimate
interevent distances at the extremitigaﬁgf the sequence

e L ,/-'

because there are‘fewer,compariséps §g<pg‘made with adjacent

events of other zonesg(i.e.; events at the top can only be

compared to odder ones and events at the bottom can only be

{

)3/. " . 4
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Table 5.2: Events, RASC distances and statistics after; three
runs of the refined RASC. Events are refefrred to
by their dictionary number as listed in Appendix
A. F4 represents the number of occurrences of

y the events whereas o2 is the variance based on the ‘

measured value of the mean and o2 is the variance )
based on a mean of 0. Both the skewness and the [
kurtosis are calculated using a mean of 0.

s
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Fred
EVERT § RASC NEAH 13 a4 0y SKEWNESS ]| XURTOSIS
dist. [0 nean)
5\
3 0.000 -0.970 15 0.078 § 1.08% -1.23] -1,911
I 0.229 -0.834 8 0,084 0.878 -1.396 =213
293 9.298 0,710 W 0.077 Y 0.621 -1.318 -1.664
128 .1 0.380 -0.698 § 7 0.079 0.646 -1.418 -1 144
10 0.854 -0.523 i 0.040 0.380 ~1.55% -0.860
276§ 0.9 -0.210 8 0.383 0.466. -1 741 6.537
7 .37 -0.255 il 0,059 0.129 -1.909 0.938
569 1.264 -0.129 14 0.076 D044 4 1,199 ¥ -1.015
552 1,283 -0.134 1 0.075 ¢.0%6 ~0,858 -1.255
501 1,378 | -0.098 11 . 143 0,154 -1.41 0,006
PLY! £in -0.099 ¢ 13 t.114 0.124 -1,070 0.5917
N§ 1.548 =0.231 19 0.200 6.261 -1.608 0,108
433 1.605 -0,118 12 0.382 £.397 -1.4M 0.258
16 1.617 -0.201 20 0.173 ¢.215 -1.32 6.100
279 1,660 -0,011 i 0.240 6,240 OTDZT -0.478
287 1.688 0,091 1 0.169 0,169 10287 §.586
478 1122 -0.098 18 ¢.472 6,482 -0.482 -1.34
n 1.79¢ -0, 1410 7 0.402 6,426 -0.972 -1.165
87 1.847 -0.157 8 .07 0,099 -1.925 1.082
n 1.937 -0.236 11 0.343 | 0.405 -1.383 -0.184
18 1,970 -0.135__§ 20 0.181 0,200 -0.9H -0.174
338 1,986 -0,101 11 0.333 0.345 -1.693 3.241
344 2.018 -0.060 8 0.320 0,325 -0.977 0,243
525 1046 «0.004 8 0.615 0,615 -0.400 -1.397
m 1.081 -0.05] 5l BRIV 0.351 -1.112 1.015
Uy 2,153 ~0.032 11 0.040 0.041 -0.550 -0.369
0 2,049 -0.050 14 0,098 0.100 -0.011 0.922
522 2,285 -0.062 10 0.362 0.366 -0,27% -1.251
431 2.296 -0.304 1 1,740 1.048 -1.908 1.515
13 2.344 -0.126 ] 0.231 0,248 -1.208 6,830
10 2.353 -0,085 i 0.040 0.045 -2.025 1,49
{48 //2150 -0.100 g 0.828 9.839 -0.M11 1,483
26 2,602\ 0.151 12 0.206 0.211 - 1.597 0,860
in 2.703 -0.014 8 1,11 1.371 -1.302 0.104
m 1.970 0.151 1 0.793 0.818 1.529 -1.499
69 3,110 9.170 0.372 -0.457 -1,58¢
24 1.113 0.052 ¢.106 1.550 -0.211
25 1.137 0.123 0.156 1.462 0.062
27 3.338 0.344 6,399 0.964 -0.412
258 3.4 0.062 0,095 1.483 -0.656
15 3.578 1,913 1,920 -0.493 -0.081
82 3.593 0,050 0.057 -2.129 4 1.3n
8! 1.612 0.274 0.330 1.508 0.200
487 1.614 0.740 0.749 8 0.0T4 ~0.485
84 3,635 6.013 0.163 -1.477 -2, 148
continued...
| N I R :




EVENT

298

4
45
57

{10
N

ua
9

418

397

393
52
126
H
56
n
55
59

RASC KEAN Fi a3y oig SKEWNBSS § XURTOSIS
dist, {0 mean)
3.645 -0.070 15 0.045 0,050 -1.117 0. 050
3,658 -0,128 14 0.179 0.194 -0.834 -0.74%
31,875 0,148 9 1,050 1,075 0,911 0,486
1141 0.164 9 0.447 0.477 6.908 -0.548
3.768 0.05% 1 0.531 0.535 6.703 -1.419
1.829 0,185 1 0,236 0.276 =[.845 1,681
3,840 0.041 13 0.163 0.165 §.268 -1.003
1,850 0.162 i 0.825 | 0,855 6,877 1 -6.921
1.888 -0,056 8 0.424 G.428 6.279 -1.26%
1.094 -0.045 8 0.562 0.664 -0.348 -1.479
1,898 0,246 4 0.083 0.148 1.514 0,745
$10 § -0.050 13 0.102 0.105 -0.847 0.259
.057 =0.008 T 0.054 0.054 1.261 1.37
A4.083 0.008 17 1 0.081 0.081 0.345 0,256
74,097 0,043 g 0.1 0.145 1.414 0,448
1,164 0.018 13 9.502 0.502 0.073°§ -0.198
1.8 «0.035 f- 12 0,149 0.150 -0.384 .} -0.521
.171 0,070 13 0.312 0,337 1.982 b 4,456
£.335 -0.095 g 0.356 0.366 1 -0.310 -1.361
§.509 §.093 8 0.122 0.132 0.993 -0.282
1.554 0.017 9 0.053 8.0%3 1.585 2,318
1.637 0.031 11 0.158 0.160 1.342 11N
4,633 0.447 1 147 1.711 2.344 §.138
.11 0.065 8 0.676 0.681 0.310 -1.408
L7144 0.241 i7 6.259 0.322 1,297 0.357
{118 0,084 1 6.324 f- 0.335 1110 -1.139
4,829 0.082 1 6.091 0.094 2.571 6,302
4,89 0,535 8 1.640 § 1.975 2,768 §.286
14.9M 0.110 1 0.011 ¢.025 1.809 0,556
5.002 0, 5§-1 1 0.1 0.220 2.400 1.9%4
5.057 0189 it} 0.239 0.277 0.610 0,014
5.082 109 1 0.035 ¢.048 1.508 -0.087
5,186 0279 ) 0.092 0,183 1.760 -0.670
5,360 0.382 1 0.071 0.241 1.517 -1,951
5.183 0.434 9 0,337 0.549 2.608 5.627
5.526 0.33% 14 §.319 0.439 1445 =0.075
5.845 0.477 13 0.106 0.350 1.495 | -0.998
6,082 0.592 g 0.296 0.690 1.830 0.308
6.190 0.487 9 0.0 0.341 1,515 -1.39
0.950 7 0.148 1.201 1.528 -1.841

6.753

159



Figure 5.2:

0 160

Plot of the average event deviation against the
RASC distance of the corresponding event. The
squares represent palynomorph events while the
circles represent foraminifers.? Systematic
deviations from zero are exhibited at either end
of the scale. In the middle portion of the RASC
sequence, palynomorphs seem to have average
values closer to zero than the foraminifers.

e



161

) : 8°1-
_ . ‘ I
‘sjueg pueasy pue J{ays Jopeaqe] ayil jo
uafjod pue saxods pue sajejafie[jourp ‘siajruiwetoy A
A £
¢ 5'8-
o ! "~
o
o on o A
0
o} 0 ot 0
R D au n_our a ['s)
SONRAZIE SVE : 5 P S A
% o '@
DO&.DOO 0.
g af o g9 ©
) Lo o s 000
.0
0
o © F 3 »
o S'9
n H

30UeISIP JSYY SN uotirernap afeaany

6°0

S e O

/| L 2>



;‘“1

¥

- ' o 162

hqpmpared~to younger qggs). Thé measures of skewnéss included

fﬁ Table 5.2 also reflect the observed trend of deviation at
either end of the sequence. Large negative and positive ;)
skewness values are observed at the top and bottom of the

-
sequence, respectively.

Notwithstanéing the systematic departure at bqth ends of
the sequence, gigure 5.2 shows a pattern in averagé deviationgj
from RASC distances 1 to 5, that could be interpre%ed as
periodicity.. This pattern is also apparent in the study by
Agtefbérg_ana D'Io;io (1988). It can be postulated that
positive deviations represent gnvifonmentally favourable
pefiods whereas negative deviations represent early
extinctions probably the result of environmental changes. A
positive average deviation indicates that the RASC position is

greater (older) than the expected position in the wells. This

implies that the event is, on average, younger than the RASC’

position indicates {i.e.; the species survived longer). The

converse 1s true for negative distances.

The first and last five evénts in the sequence are—
ignored in the following discussion as they arejattributed to
the previously meEFioned systematic departureﬂ Tracing the
meanrdeviations from the bottom of the segquence, laFge
po§itive_deviatiqns aré observed from 4.86 to 5.:53 RASC units.

This_approximately corresponds to .the Early Eocene warming

period (see Chapter 4) that presumébly provided favourable
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environmental conditions. The ensuing drop in mean deviations
correlates with the change in paleocirculation pattern'thét
occurred in the early Middle Eocene which caused the‘
disappearance of tropical and lbw latitude species from ?he
Grand Banks wells where they had migrated. G. yeguaensis
exemplifieé this drop in meaﬁideviations (sée Figure 5.3 (a)
and (b)). This species is restricted to southern wellgﬁ\
{Figure 5.3 (a)) and fs typicélly a low-latitude species \F.M.
‘Gradstein, pers. comm. 1988). The stability of the Middla and
Late Eocene environments provides ?/?easonable explégaiioﬂ for
the positive deviations observed £rom RASC distances 4.0 to
2.5. All younger events exhibit negative deviation§} The
succession of the Ol{gocene eustatic sea-level drop and the,
onset’ of the Labrador current in the Miocene provide probabﬁg
causes for these slightly negative wvalues. It must be noted

that Figure 5.2 amplifies the vertical scale five-fold to show

these deviations.

5.5.2 Marker events ldentification \\

<

Table 3.5 lists the events most likely to be used as
chronological markers in“this study. Thei;*frequency and
3 ;
geographical distributions are plotted before those of other

~ events in Appendix C from page 361 to 405, ' ,

o/



T Figure 5.3 {(a):

Figure 5.3 (b):

164

Geographical distribution of the deviations
between observed and expected positilons of
event G. yedqguaensis. All occurrences of
this species are below their RASC position.

Histogram of the frequency ﬁfﬁtribution of
event G,‘yeguaensis. /

L

g
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EVENT NUMBER 84 :GLOBIGERINA YEGUAENSIS

3.L Difference hetueen expected and observed event position
. Jfor wells ordered from North to South
21 .
1+ (a)
NDl‘th + + :,_:_,: u $ . ;‘ + $ + l;“—._‘ll;l $ L, + + + * + ‘—¢-|r Sou-th
-1 ) ) ’ u I_.l
..2-
-3 ' Eveﬁt' Positibn Fi Mean .Uarianggkewness Kurtosis
84 3.635 7?7 -8.351 B.163 -1.477 -2.146™"
8 ® Histogram of distribution
i ' _ ' | H
51 (b) - f
4! . , '
2 L
-1.5 -1.1 - -.7 -3 88 .3 . .7 1.1 1.5+
B
P {
i}
—."\A (
/
4
. »,
e /
4/‘,/" - .
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An ideal marker event has a wide horizontal {(geographic)
and narrow vertical (chropologicgly distribution. Figure 5.4
illustrates the distribution of event 424 T. alsatica which
has a broad geoglaphic ektent as 1t was 1dentified in 14 |
wells; it 'is also a good marker event buuauae it dEViatEb‘
-.little from its average position, as indicated by its low

variance (o2 = 0.103).

Events dated from 37 to 41 Ma exhigg}'a scattered
frequency distribution. Evenis 82, 29 %29 259 are the notable
'exceptlons to tnrg patteln The anomalou@zg;ents'are: #396 D,.
caolligerum, 4487 c.mgiuseppei #33 T. pomeroli-, #BS‘P micra,
#5481 W..articulata, and %298 apmhomomorpﬁum. Thelr variances
range from o2 = 0.428 to 0.749.) It is }emarkaode-that *he -L
oocd/rences of these events in the Herjolf (4th), Bjarni (5th)
and ngrlc GtH}\wells all show p051t1ve deviations
suggestinp poessible rework}ng. It also must,be'noted.that the
ages @f the events‘approximately cofresponq to the postulated
seaylevel drop of the Early Oiigocene. Some areas (wells)
werd pfobably affected before, and to a greatér expeng‘than
others, by the environmentalt thanges, caus;ng variations in
the relative position of eveﬁts. Because of these variations,
- the anomalous_events will not be used for chronostratigrapﬁic
purposes All other events listeo in Table 3.5 are retainéd
as ma;ke;s as supported by their-respective frequency

t——— :

A

dlstribp?ﬂons.

!

»
!
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Figure 5.4 (a): Geographical distribution of the deviations
between observed and expected positions of |
event T._alsatica. It has a broad’
geographic extent as it was identified in 14
wells throughout the study area.

Figure 5.4 (b): Histogram of the frequericy.distribution of
event T..alsaktica. The shape of the
histogram indicates -a normal distribution.
The low variance makes this event a good
marker. .
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" EVENT NUMBER 24 :TURRILINA ALSATICA .
Difference hetueen expected and observed event position

:J-‘ fjor yells ordered from North to South (a)
1y s
North * _ml—ll—lmm — l—l e ““'“"'_"_'L_Jl_] +—South
_1“ :
-2 |
-3 Event Position Fi Mean Variance Skeuness Hurtosis
24 3.113 '14 8.224 0.186 1.558 -8.211
8| Histogram of distribution
‘] | | ®)
4l
21
5 <11 -7 -3 8 .3 .7 i1 L
-
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. _'. ' .
5.5.3 Paleogeographic event migration

r

This brief section provides an example of new‘results
that can be obtained by frequehcy distribution én&iysis. By ”
examining the geographilc deviation distribdtion diagram of
each event in Appendix ¢, latitude-related time-
transgressiveness can be detected.- Figure 5.5 shows the
geographic distribution of deviations of events #2264 K.
conversa, #41 P. aff. paucicostata and $316 Xenikoon DA. On
average, K..conversa disappears sooner iR the northern wells
and survives longer in southern wells (Qee Figure'5.5 (a}).
This trend is more' likely to be related to the greatér water
depth of southern wells and tg the earlier "shallowing" of
noéthérn ones (Gradstein, pers. comm., 1988). Conversely, P,
aff. pauqicasﬁata seemingly survives longer in the north than
in the south (see Figure 5.5 (b)j. -The event Xenikoon DA
exhibits a'southerly, upward, vertical migration (the'species
survives longer in tlie south) especially £rom4welis number 2

(Karlsefni) to 6 (Gudrid) (Figure 5.5 (c)).

Occurrences of the events indicating these types of
trends could be reviewed by paleontologists to verify their
positions. As they presentl? occlur, these events are probably

not reliable and should be avoided in further analysis.



Figure 5.5 (a): Geographic distribution of the deviations
between observed and expected position of
. event. #264 K._conversa.
Figure 5.5 (b): Geographic .distribution of the deviations
between observed and expected position of
. event #41 P. aff. paucicostata.

Figure 5.5 (c¢): Geographic’ distribution of the deviations
between observed and expected position of
event #316 Xenikoon DA.

v
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(a)
_ EVENT NUHBER 264 :KARRERIELLA CONVERSA
3.1 Difference hetueen expected and observed ‘event position
‘ ]i.. for wells ordered fraom North to Snuth
B -
North T =T - I +——South
..1 .
_2--
=3 Event Position Fi Mean Variance Skeuness Murtesis
264 4.897 9 B. 899 8. 145 1.414 -08.448
_ (b)
EVENT NUMBER 41 :PLECTOFRONDICULARIA AFF. PAUCICOSTATA
al Difference betuesn expected and observed event position
for uells ordered from North to South
2.1
n [l
‘Horth e 1| I RS mer B South
o T L] -
-2
-3 1 Event Position Fi Hean Variance Skeuness Hurtosis
41 4,277 13 8.878 A.337 1.982 4.456
EVENT NUMBER. 316 :XENIKOON DA (c)
3_r Difference hetueen expected and observed event position
. for wells ordered from North to South
2+~ .
1_..
1 e -
Harth () ' |’ South
T 0
-2
T ‘
-3 Event Position Fi Hean VYariance Sket.ess Hurtosis

// 316 1,548 18 -B8.233 B.261 -1.688 g.188

i
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5.6 Conclusions

§

#

(va) Because it provides a pooled variance of g2 = 0.47,

the frequency distribution estimate method 1s reliable.

-

(5b) Based on frequency distribation estimates, events do

not have equal variances.

(5¢)} Using a composite histogram of standardized
deviations, the events, as a group, obey a Gaussian
distribution according to a chi-squared estimate of 11.63 for

10 degrees of freedom.

(5d) The iterative RASC/frequency distribution estimate

»
procedure converges the values of variances after four cycles.

(Sé) Most marker events previously used for
chronoétratigraphic purposes exhibit a narrow vertical
distributioh, as confirmed by theirlfrequency distribution
histograms:. ©

{(5f) Most marker events ranging from 37 to 41 Ma Shqw
" scattered di;tributions, possibly due to a.major change in\

environment.
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(5g) Frequency distribution results can be used to trace

vertical migration of biostrétigraphic events.

1y

VAN
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6. Study of the sensitivity of the RASC model to the

critical probit value n /L;><}*\

6.1 Introduction

~

The RASC model requires the user to select the value of
séme parameters. One such parameter is the critical pfppit
value {AAA). The z-value is set equal to this parameter‘when
two events do not crossover. .Changing this critical value
affects the results of RASC. The nature and magnitude of this
effect can be evaluated by a series of RASC runs in which the

critical probit value is progressively changed.

6.2 Role of the critical probit value in RASC

The scaling procedure of the RASC model ié described in
detail in sectiod 3.2.3. To recapitulate, the distance
estimates between adjacent events are based on the_probability
of having consistent relative-event posiﬁions in the wells.
These probabillities are assumed to be equal to the observéd
frequencies of event position crossovers. The z-values of the

probabillities are measured by assuming events have a Gaussian
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distributien and by ass}gning-a value to their vgriance. -Wheh
an event always occurs above another, the e;tihated

: probability‘becomes Piy = 1 and zZij = @. When this situa;ion
occurs, the values of P (and z) a}e set at a criticalivalue |
(terﬁed AAA) selected by the user.r.This situation occurs.
usually in the indirect disfgnce estimates, when the'ppsitioﬁ
of events from different parts of the sequence are compared.i
The chosen critical value shOdid exceed the 1arges£ Pi4 value

]

‘that is smaller than 1.

To estimate the effects of the variation of the -AAA.,
parameter on the RASC seqﬁence, a series of runs was carrvied,

“out in which this parameter was gfadually increased.

Triallvalues of the AAA parémeter.are tested on .the data
set used to produce Figufe 3.5, with all other parameters kept
constant. The test values of AAA and their correspondipg
probabilities are listed in Table 6.1. The lengths of the

respective final optimum sequences are also listed in this

table.



AR Corresponding Length of the Length of the

value probability optiauz sequence | optimus sequence

{without final (with fimal

reordering) reordering)

1.645 6.95. 7,143 1.781

1.73 0.56 1.425 1.33¢

1.88 0.97 1.730 1,187

" 1,96 0.97% 1.9:27 9.15h

1.0% 0,98 §.182 B.718

317 0.985 8.473 3.1415

1.33 0.%9 8,913 9,591

. 1,575 0.995 . 9.614 12.3191

@able 6.1: List of the AAA value tested in the RASC model

’

on the integrated data set.
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. ‘ . .
6.3 Sensitivity of the scaled optimum sequence
* 4

"

6.3.1 Effects on the length of the scaled sequence

The effects of the probit parameter change with the final
recordering option of RASC (see section 3.2). Before the final
;eordering, the length of the scaled, optimum sequence is
Airectly pfoportional to the ﬁrd%it critical Qal%f {see Flgure

6.1).

In the final reordering option, a new set of diétanCe
estimates are calculaﬁed Qith z-values based on the new
seguence of events, The new results of scalinyg may differ
from the previocus ones as indirect distance estimates 'will -

. change according to the reordering of events in the'séquence.
Because of these procedures, an-increased c¢vitical probit
value does not necessarily result in- a ‘longer scaled optimum

sequence.
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Figure 6.1: Plot of the length of the scaled optimum segquence
against the corresponding critical probit value

A ’ o
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6.3.2 Effects on the order of events

The relative order of events may change w1th varlations
- in the probit critical value. ' The Kendall‘rank correlation
coefficient 1s calculated between each pair of sequences to
assess the fluc;uations in the position of events (sée Table
6.2). All coefficients indicate an almost perfect correlation
between sequences although higher values are observed in the

top half of the table, before the application of final

. reordering.
j} An obvious trend in the correlation cBefficients before -
final reordering is apparent . The correlation value between

two sequences invariably inc;easeg as the difference betweén
the resﬁhctive critical probi; values decreases. After the—
application of final reordering, this trend becomes less
apparent though the highest correlation coefficients afe
observed'between sequences that have similar critica} probit

values.



AXA 175 1.88 1.96 2.08 Y] "ljhg 1,575
1.645 0.997 ¥ 0,994 8 0.991 || 0.989 & 0.987 § 0.985 { 0.980
1.75 0,997 1 0.994 § 0.992 § 0.9%0 | 0,988 [°0.943
1.88 0,997 | 0.995.0 0.993 || 0.991  0.987
* 1.56 9,998 [ 0,996 § 0,994 4 0,990
2.06 0.996 | 0.996 | 0.9%)
.11 9.998 § 0.994
k! 0.995
o .
1,645 | 0-567 | 0.963 § 0,971.) 0.967 § 0.966 | 0.961 | 0,956
1,75 0.964 | 0,983 | 0,979 § 0,978 | 9.970 | 0.570
1.88 0,984 [ 0,980 3 0.978 } 0.948 ¥ 0.972
e 1.96 G,9%3 ¢ 0.98% [ 0.976 | 0,980
2.08 0.991 § 0.980 | 0.982
.17 0.980 § 0.982
.13 : 0.976
ARA 1.15 1.88 1.96 | 2.06 .11 2.1 2.515
Kendall rank correlation cocefficent measures

Table 6.2:

between
probit wvalues

these calculations.

(ARA) .

runs of RASC with different critical
The rank of thd& events in
the final scaled optimum sequence 1s used for
The final reordering option
was not applied in the RASC runs that produced
the sequences of the first half of the table
{indicated by a single asterisk) while that
option was applied for the second half
(identified by the dqQuble asterisk]).

xﬁ
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6.3.3 Effects on the relative positions of events

\

The length Sf the optimum sequence was normalized to 10
RASC units to better evaiuate subtle changes in the scaling of
the scaled optimum sequence. The final reordéring op%ion was
used, as previous results indicated that the effects of the
variations in thé critical probit values are mostly exhibited

after that process.

The positions og the events in the normalized RASC
seguences can bé compared to the normalized sequence of'Figure
3.5. The differences in the events' RASC position in the
sequences are plotted against the RASC disténce-qf the event
in Figure 3.5, where tpe writical probit value was 1.645 (see -

Figure 6.1‘. ~

From RASC distance 0 to 5, a trend of diminishing
distances wf%h incfeasing AAA values is observed. sThe"
fluctuations seem minimal for critical values from 1.75 to
1.96. A systematic reduction in RASC values seems to occur
between values 1.96 and 2.06, regardléss of normalization of
the lengths of the sequences. This decrease correséonds to
the observed reduction in optimum sequence length of Figure
6.1. A marked increase in relative event position is

observable from RASC position 5 to 7.5. Values agi constant

near the bottom of the sequence, from RASC distance 8 to 10.
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An inherent problem in interpreting the changes observed — A
in Figure 6.2 is that fhe normalization process fixes the
_positions of events at either end of the seqguence, and scales
the positions d% events in the midéle. The frequency
distribution study of Chapter 5 suggeéts that the middle part

. s
of the sequence provides the most reliable estimates of event
pesitions. Another method for normalization of sequences is
applied. 1In this attempt, the-ggsition of the median event is
fixed.at 5 RASC units, and the remaiﬁing event positions are

scaled from that point. The normalization process is carried

out as follows:

NPp1 = 5 + (EXp) - EXpged1) * 10 / OLg “(Eq. 6.1)

where: NPp) 1s the normalized RASC position of event A in

sequence 1;
L]
*

EXpy1 15 the measured position of event A in
sequence 1} Tﬁ |

EXped: 15 the measured position of the median
event in sequence 1;

OL, is the length of scaled optimum sequence 1.

The plot of the differences in RASC position of events

against their RASC position in the sequence in which AAAR =



Figure 6.2:
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Plot of the deviation in normalized RASC
position between sequence of varying critical
probit values. The AAA value is indicated on
top of the apropriate line. All segquences are
compared to the scaled optimum sequence of

‘'Figure 3.5. The normalization of the RASC

distances was accomplished by multiplying the
calculated positions by 10 and dividing the
product~by the length of that sequence.
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1.645 (see Figure 6.3), reveals that systematic deviations
occur at both end of the sequence, from RASC distance 0 to 2
and 8 to 10. The deviations ffom the original sequences
increase (positively) with larger values of the proﬁit
critical value. The c¢ritical value was expected to play a
greater role at both extremities of the sequence, becauge, as
previously mentioned, some sampling problems'were experiénced

at the top and bottom of some wells. The scarcity of data and

the lower fregquency of occurrences of eJents, led to a greater

use of the AAA parameter in individual distance calculations.
This 1s reflected in the-continuoﬁs increase in deviation from

the position of events in the original sequence.

The sequences exhibit small deviations between the RASC
positions of events from 2 to 5 normalized RASC units (see
Figure 6.3). This implies that the relative position of
adjacent events did show crossover between wells and that the
effect of the AAA parametér may have canceled out during

indirect distance estimation.

The deviations from the original sequence are aqcentﬁated
with 1ncreasiﬁg AAA values, from 5 to 7 RASC units, -
notwithstanding the fact that the RASC distances were
normalized starting from the median value. As previously
mentioned, the critical probit value will affect the écaling
procéss in the iﬁairect distance estimates, especially when

one of the two events being compared will crossover with a
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Figure 6.3: Plot of the deviation in modified normalized
RASC position between sequence of varying
critical probit values. The AAA value is,
indicated on top of the apropriate line. All
sequencesq are compared to the scaled optimum
sequence of Figure 3.5. The normalization of
the RASC distances was carried out as described
in equation 6.1.
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third event and the second will.nép. This situation may occur
if certain microfossils are reworked in some wells and not in
others. This type of effect is more likely to occur within
zones bounded by large intefcluster distances. The deviations
observed in Fighre 6.3 correspond to the Late Eoceﬁe (zones Vv
and VI in Figure 3.5), As large intercluster distances occur
- between zones VvV, VI and VII, it is likely that;microfossils
'for a few events may have been-eilther reworked or cavea-in in
some wells, causing the notable and progressively %arger

deviations of Figure 6.3.
6.4 Conclusilons

{6a) Increasing the critical probit value causes a
proportional increase in the length of the optimum-seguencé
before the final reordering option of RASC. The latter RASC
option obscures this obvious trend, though the general ﬁgttern

is apparent.

(6b) The ranking of events is not significantly affected
\
by varying the probit critical value, although a general
pattern of increasing discrepancies is observed between

sequences with increasingly different AAA values.
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ksc) The scaling.of both ends of the optimum sequence is
systematically Affected by variations in the c¢critical probit
value, presumably because of the lower abundance and freguency
of data and of sampling problems at the top and bottom of some

wells.

-

(6d) The scaling of zones V and VI is seemingly more
affected by the probit crit%cal value than 6ther parts of the
optimum sedquence. This is explained by the prgximity (in
time) of marked unconfofmities or disé¢onformitles and by the
postulated presence of a few reworked cor caved-in

microfossils.

{6e) The effect of the aAnA value is related to the ‘.

guality of the data. -
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7. Multiple well time and zone correlation

7.1 Introduction

~,

AN

N\
)

A modelﬁ;oy-cOrrelation And SCalipg of bilostratigraphic
events in time (CASC) was devised by Agterberg and Gradstein
{cE. Agterberg et al., 1985} as a follow up to the RASC modél.
This programme was laréely developed under the auspilices of the

IGCP project 148.

The correlation_between wells of the study area—is
ca{ﬁied ocut.using the CASC method. This method draws on the
RASC positién of the events and og their respective depths and
levels in the well tc estimate the age-depth and event-depth
measures. A regional time scale 1s obtained by converting

distances along the RASC scale into numerical ages.

The preliminary step for chrenological correlation 1s to
assign ages to the events of the RASC sequence. Ades are
plotted againsf RASC distances using the approximate
literature age of certain events. The plot is spline-fitted
to assign ages to all eQents in the sequence. The advantage
of this technique i1s that 1t assigns ages that are ~

representative of the regiénal sequence of events.
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CASC 1s a mqltiple step processing method that £irst
plots and spline-fits the age of events against their level .in
the well section. This step allows the reglonal numérical
ages to be calibrated to the local sequence of even£§.- The
secénd processing step is plotting the depth'of events against
thelir level. This second step.requires a 1ow'smoothing factor
as depth and level of events are "parallel” measures. By
using the two calculated spline curves, an -indirect estimate
of age versus'depth is obtained. "This estimate is based on h
the apppoximatg local age of the eveﬁts and on their "spline- .
corrected"” depth. With this correlation technique the
ekpected‘depth and age of an event in a well can be measured
even if it was not identified in that well. -This estimate

facllitates the tracihg of biozones from one section to the

next.
7.2 The CASC methodology

CAéC is an acronym for Correlation And SCaling in time of
biostratigraphic events.‘ It is a FORTRAN compufer programmé{
that uses either the ranking or scaling results from RASC to
draw multiple well ccmparisons. The following discussicn is

restricted to the use of CASC éith RASC scaling results
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(distance CASC) and is partly based on Agterberg et al.
(1985} . |

The CASC routine calibrates the RASC regionai zopatidn
‘with the local sequence of events in each well. The
correlation technique depends on the spline-fitting technique
described in section 5.2.2. By using spline curveé, estimates
of event position and age are refined and may be correlated

/

from well to well. - e

The distance CASC method of correlation is based on three

conditions:

{1} that the RASC scaled sequence be célibrated into a
numerical gﬁme scale by using the approximate age of a subset

cof its events;

~(2) that each well sequence of events be a sample of the

optimum sequence; and

-

{3) that the observed depths of events in the wells are

estimates of the true depths.
.

The f£irst condition was verified in section 3.4.1 by a
rank correlation test. The second condition should be
.fulfilled when one considers that the RASC sequence of events
& ‘
corresponds to a regional average of the well sequences. The

third condition depends on the quality of data employed in the

study. : .
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7.2.1 CASC input réquirements )
. .
. | o .

The data to be used in CASC are made.up of three parts.
The first is an outﬁdt of RASC-;onsisting.%{\a list of the
events 1in well sectldons, as coded for RASC, éhd their
respective pos%tion in the RASC sequence. A second file
contains the ages of the marker events to Be uséd for
chlonological correlation and the flnal input con51sts of the
depths of the events coded in 13F6 ﬁormat The application of

CASC usually is restricted to events that occur in at least

the threshold number of wells in the RASC analysis.

7.2.2 optimization of smoothing factors by Cross-
validation

W

smoothing factors renge between a minimum value that
corresponds to the first spiine curve that, with respect to
tﬁe dépth’axis, has a slope éreater than or equal tp zero in
all points, and a ma#iﬂym value phat represents a gest fitting
straight line. Wahba (1975) introduced the method of cross-
validation to‘détermine_the cptimum smoothing factor

] -
' experimentally. The following discussion is based on Craven

and Wahba (1979) and on'Agterberg and Gradstein (1988).
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kGiven that y3 aﬁd si represent observed and fitted

values, respectively,'ahd that residuals are written as Ry =

Yi - Si (i =1,2, ..., n}, then:
i 1/2 ,
n
SF = [ 1 = Ry2 (Eq. 7.1) N
n i=1 B .
- ' “*
The cross-validation method estimates a coefficient based -»

. _ -
on recalculating and summing up the residuals for spline

curves that differ only by a pointwise deletion of values.
This coefficient is measured for each smoothing fag;or to be
compared. When separate spline curves aré calculated for m
different smoothing factors,'then 813k (L =1, 2, ..., n; J =
2, 3, ..., m; and k=1, 2, ..., m) représ;nts the 1Eh v&lue on
a spline cufve for'the xth smoothing factor fitted to a
| reduced data set in which the value Y5 has been deleted. The
cross-validation coefficient, CVyx, is defined as:

.
n-1

Cvy = _1_ = {yq - sijk)z \u/) (Eq 7.2}
~n-2 1=2 )
It may be noted that no estimates dre avalilable for the
first‘and last values of the spline. such tha he sum‘is based
oﬁ n-2 comparisons. The optimum smoothing factor minimizes

the CVk value.
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7.2.3 Reglonal age estimates

- The first procedure of distance CASC is to cohvert the
RASC distances into numerical ages. This step was élso

carrled in section 3.5,1 to obtain a numerical time scale.

The regional ages of a subgroup of events ﬁrom the RASC
scaled sequence are obtained from literature. A spline curve
is fitted to a‘plot of age versus RASC distance using the best
leasq-sqﬁare estimate of a curve that always has a.positive

value {(1.e. RASC distance and age always increasing). The

e

spline-curve values provide a regionally calibrated age

estimate for all events of the scaled sequence. . *

' ~

7.2.4 calibration of well data to a regional standard ‘\\\\\
L (™ A

Once all RASE distances are given a co%responding
numerical age, the individual well sequences are interpreted
in the context of the modified RASC regional biozoration
scheme, Thils analysis will produce interpolated age-depth and

event-depth estimates for each well.

g
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4
All plots are fitted with smoothing splines as described

in section 5.2.2. Three preliminary interpolations are

. required to obtain the locally calibrated agefdepth estimate

from which multiple well correlations can be constructed. The
local component of age and the calibration &f depths are made

using the level of evenfs in the well.

The first calibration to be made relates the level of
evengs in the well to the age value as assigned by the first
spline-curvé. The coordinates of the curve represent the
adjustedqage/leyel“valuesumhhw,Jh.m“w“mmmm“_f“m_mMW

The second step of the well'analysis plots level of
events against thedir depth. Depth is a‘gcaled measure of the

level of events. The purpose of this plot 1is to assign values

to all depths for later interpolation and correlation.

Because thes measures are closely dependent,'the smoothing

factor is.

The.fﬁird plét is a combination of the two previocus ones.
Age and depth are plotted against each other using the spline-
curve estimates. The values estima;ed from ‘this curve
represent the locally calibrated age-depth estimates.‘ Figure
7.1 represents this, procedure of age/depth estimation where

Figure 7.1 (a} is the age versus level and Figure 7.1 (b)

plots the level of an event against its depth.

The fourth plot represents the final results by showing



Figure 7.1 (a):

 Figure 7.1 (b)Y

"

Hypothetical piot of the regional age of
events against their level in the well.

Hypothetlcal plot of the observed depth of
‘events against their level in the well. By
using the spline curves of plots (a) and
(b), the expected depth of time line or of
events can be measured.

198
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the age/depth spline-curve of the third plot and the observed
age depth values. A standard deviation of residuals is
calculated for differences between the spline-curve and the

observed values.

7.2.5 Well to well correlation

The correlation‘procedure uses the age-depth values
calculated,a;-previoﬁ51y described. CASC offers two-types of
correlation options, the first. being isochron tracing and the
second eveht position correlation. Both options use the

spline values determined in the fourth plof described in

section 7.2.3.

”~

-
The isochron correlation requires the input of the time
lines to be correlated and extrapolates the corresponding

depths from the spline-curve, for each well to be analyzed.

The event position correlation draws on the position of
the ;;Ehts in the RASC sequence and on its corresponding
numerical age to extrapolate its expected depth in the well
from the age-depth spline—?urve. This type 0f correlation is
therefore based on the RASC expecEed depth of events in wells

rather than on the recorded depths. This procedure allbws the
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- ‘
. tracing of events that were not identified in all sections and

. calibrates the observed depths to the regional standard.

7.2.6 Error bars

The purpose of the error bars is to quéntify the

inconsistencies of observed and calculated measures of depth.

et

Error bars to measure the uncertainty of events or
isochron positions are constructed by the CASC model in one of

three ways. ’ N

An error of plus or minus one standard deviation (of
residuals in spline-fitting) on the age estimate is
determined. This measure can be simply transformeg to an
errcor on the depth axls by using the first derivative of the
age-depth curve (dz/dy) at that point. The uncertainty in the
depth measure is therefore bounded by the ordinates of the
errof in age reported on a tangent to the age-depth curve at
that point. This error estimate is symmetrical and cclled the

local error estimate.

Another method to measure error bars first relies on
calculating the sediment accumulation rate (in km per Ma).

The modified local error bars are estimated by multiplying the

IS
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local error ih age (SD) by the sediment accumulation rate.

This K value corresponds to extrapolating the error measured in
age to depth error values through the spline-curve. The
resulting error bar will be asymmetrical unless the age-depth -

curve 1is locally a straight line.

Finally a glocbal error bar can be constructed by assuming
the RASC assigned standard deviation oflevents of o = 1/J2.
This value 1s transformed into a variable error estimate
s{age) using. the first_deriuative'of thg age versus RASC
distance curve. This variable error estiﬁate is in turn
changed into an error bar by using the first derivative of the

age-depth curve {as in the local error estimate).

Assuming the observed depths are normally distributed
about their calculated positions, there i1s approximately a G8%
probability of them falling within the local and global error
bars as these extend one standard deviation above and below

the depth position.

7.3 Application of CASC

-

3

The scaled optimum sequence of Figure 3.5 1s used as the

correlation standard of this study.



The preliminary regional age estimate of events is the
same as that obtained frésdf&gure 3.8 in section 3.5. The
preferred spline-curve is the jyone that minimized the standard

deﬁiation 0of residuals.

- The age versus RASC distance plot was fitted with a
smoothing fhctor of SF = 1.68. The CASC routine is carried
out by optimizing smoothing factqrs with the cross-validation
technique. The smoothing factors and standard deviations of P

~.residuals used in the-CASC aﬁalysis-of~individual"we115"arEm"

~listed in Table,7.1.
7.4 RASC zone correlation

For correlation purposes, the study area will be analyzed
in two, geographically distinet, groups: the Labrador Shelf

and the Grand Banks. ~

7.4.1 Labrador Shelf wells correlation

.% |
Eleven wells are included in the Labrador Shelf group,

the southernmost one being Freydis. The Leif E-38 well was
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WELL NANB Avsl DvsL AVED AveD!
RUY E-11 sA3max | e.03min’ | o.00min |/N.56
KARLSBENT H-13 5.81 0.02 ain 0.00 ain .03
SHORRT J-90 5.20ain § 0.09 min | 0.00 ain 5.23
HERJOLE H-92 6.69 gin ¢.01 ain 0.65 ain £.95
BJARNI H-B! §.18 .01 ain .00 ain 6.21
GUDRID H-5% 6.57 sin 0.01 ain 0.71 min 1.03
CARTIER D-T0 . . 6.58 0.01 ain 0.00 min 6.42
INDIAR HARBOUR H-52 .23 0,02 nin 0.00 nin 4,29

- LEIP E-38 - - - 9,57 -afn- 4 -0.0b min- §- 0.00 win { -10.40
LEIF K-48 5.61 6,01 ain 0.00 min 5.70
FREYDIS B-87 7.19 max | 0.01 ain § 0.00 min LU
HARE BAY B-11 {.68 0.02 min 0.00 oin 4,91
BLUS H-28 5.06 0.01 ain 0.00 min 5.39
BONAVISTA C-99 5.10 0.02 ain 0.00 min §.21
CUMBERLAND B-55 5.00 max § 0.01min § 0.00 nin 5.07
BONANZA H-T1 4,23 ain 0.01 nin 1,01 ain {.89
DONINIOK Q-2 ) 5.51 max } 0.01 ain. § 0.00 ain 5.39
SOUTH TEMPEST G-B8 .30 min 0,01 gin 0.00 ain 3.4
PLYING PORN I-13 5,98 nmax 0,01 ain 0.00 ain 5.89
ADOLPHUS B-50 3,55 0.01 ain 0.00 ain 1.83 .
HIBERNIA B-15 .36 max 0.01 oin 0.00 ain {.58
EGRET K-36 6.54 0.01 ain 0.00 nin 6.29
03PREY H-B4 1.51 max 0.01 ain .00 ain .1m

R X —————

_Table 7.1: Optimlzed smoothing factors obtained by cross~

- validation. AvsL represents the Age versus
Level, DvsL is the Depth versus-Level, AvsD is
the Age vesus Depth and AvsD' 1is the final Age
versus Depth plot used for multiple well
correlation purposes. The AysD' value is the
standard deviation of the rediduals of the AvsD
plot. min indicates that the cross-validation
value corresponds to the minimum smoothing factor
whereas max corresponds to the maximum smoothing
factor.

AL
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discarded from further analysis base@ on itf'agé—depth curve
(seg Figure 7.2). Most of this well seems much shallower than

others and will not be useful for correlation purposes.

RASC biozones are corréléted between wells by tracing the
depth of zone bouﬁdary events. These events are selected from’h
Figure 3.5 and listed in Table 7.2. When an event &oes not
occur in a well, its expected depth can be.estimated.from its
RASC positisn. The depths o} the zone boundaries'are listed
in Tables 7.3 and 7.4 and'pIotFed in Figure 7.3 for the

Labrador sh?lf'wells.

The zone q8yndaries in the youngest or oldest part of the
wells may not always ‘be ohserved becauqe of either the
scarcity of data poihts, or the speqific_shape of the spline-

curve.
. r
The Bjarni, Cartier, Leif M-48 and Freydis wells show

closer zone boundaries, probably indicating a lower

sedimentation rate or greater compaction. In general, the
AN

northern wells seem to have been subjected to greater

sedimentation rates. 4

Spacing of zone boundaries indicate greater than average
sediment accumulation rates in zone IX of the Karlsefni and
Herjolf wells, in zone VIII in the Gudrid well and?in zone VI
of the Indian Harbour well. Low sedimentation rates or an

unconformity would explain the proximity 6f zone boundaries in

LY
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Figure 7.2: Age-depth curve of the Leif E-38 well. The well"

- contains, almost exclusively events younger than
20 Ma._ This well is not suitable for correlation
purposes. P ’ :
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Bounddry Event ' Event
number name
I - II 52 Acarinina soldadoensis ‘
IT' - III 37 Acarinina_aff. pentacamerata ‘
IIT - IV 80 Acarinina densa
- v - v 29 Reticulophragmiun_smplegltens
.,V - VI 263 Ammobaculites aff. polythalamus
VI - viz || 259 Ammodiscus_latus
VII - VIII 24 Turrilina alsatica '
VIII - IX 21 Gutitulina problema
IX - X L 67 Scaphopod_sp. 1
X - XI 17 Asterigerina gurichi "

cTable 7.2: List of boundary events used to trace RASC blozones in
CASC multiple well correlaticn.
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r

The asterisk denotes

that the event used as boundary indicator was not

wells of the study area.
observed in that well.
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The asterisk denotes

that the event used as boundary indicator was not

CASC depths of zone boundaries VI to XI in the
observed in that well.

wells of the study area.

Table 7.4:
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kFigure 7.3: Biozone <correlation chart of the Labrador Shelf
wells. The zone boundaries are presented in Table
7.2, s

4

a4,
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Snorri from zone VI to vITI, and in Ffeydis from zane II to °
VII. The age-depth plots of these two wells (see Figure 7.4
(é) and (b}, respectively), reveal a possible hiatus from 20

Ma to 30 Ma B.P. (zone.VIII) in the Snoryri well, with'iow :
sedimentation rates preceding this t}me. There‘is no
indication of a hiatus in the Fre&dis section; however,
.uniformly low sedimentation rates are suggested from zone IIX

to VIII (see Figure 7.4(b), 60 Ma to 30 Ma B.P.). .

7.4.2 Grand Banks wells correlation

4

The Grand Banks group is made up of twelve wells, the
northernmost one kbeing Hare Bay. The Egret K-36 well is not

included in the correlation figures because it is shallow and

has a very zgndensed section.

The zone boundary events listed in Table 7.2 are traced

in the Grand Banks wells and plotted in Figure 7.5. The depth

of the boundaries and their respective local error estimates

are prasented in . Tables 7.3 and 7.4.

A noticeable feature of Figure 7.5 is the thickening of
zone VI in the Bonanza well suggesting a higher sediment
accumulation rate. The Osprey well exhilbits relatively closer

zone boundaries than other wells; this 1s presumably because

\



_Figure 7.4 (a):

Figure 7.4 (b}):

(] .

2114

Age~depth plot of the Snorri well. Extremely
low or zero sediment accumulation rates are
observed from approximately 32 Ma to 42 Ma
B.P.. ’ . -
Age-depth plot of the Freydis well. No -
unconformities are observable in this well;
the sediment accumulation rate is low but

constant in the section of the well older than
30 Ma. -
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Figure 7.5: Bilozone correlation chart of the Grand Baﬂks
wells. The zone boundaries are presented in
Table 7.2.
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of its more distant position from the perrigenous sediment

supply (see Figure 2.1).

The Blue well shows all zones in spite of its greater

depth to seafloor.

7.5 Isochron correlation

\
Isochrons were selected at 5 Ma intervals from 60 Ma to 5

Ma. The calculated depth of these isochrons are listed in

Tables 7.5 and 7.6. The local error estimate is included in
this table. The correlatign charts for the isochrons of the
Labrador Shelf and Grand Banks wells are presented in Filqures

7.6 and 7.7, respectively. The general trends described in

gections 7.4.1 and 7.5.1 can be observed in these figures.

Paleontologically estimated depths for epoch boundaries
of fifteen wells of the study area were published ﬁx\ffadstein
h"
{1986) in the atlas of the Labrador sea. There are relatiyely
(" .

large discrepancies between foraminiferal and palynomorph

depth éstimates for CenozoiE’epoch boundaries. The depiths of
these epoch boundaries were estimated by CASC and compared jé

theé published values (see Figure 7.8)}“

+
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NELL NAKE
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BOHANZA H~11
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SQUTH TEMPEST G-04
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RDOLPHUS D~50
HIBERNIA P-13

RUT H-11

0.54 t 0.13 0.62 t0.13

0.46 t 0.12

The estimate of error

corresponds to the local error bars as measured

in CASsC.

0.34 £ 0,10 0.39 1 0.09

0.27 1 0.12

Calculated depth of iscochrons in the twenty-three

wells of the study area.

QOSPREY H-34

Table 7.5:
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WELL NAME

SQUTH TEMPEST G-88
FLYING POAR I-13

INDIAN HARBOUR -52
ADOLPHUS D-50

KARLSEZNI E-12
SHGRRT J-90
HERSOLF H-92
BJARKRI H-91
GUDRID H-35
CARTIER 2-T0
LEIF K-48
FREYDIS B-67.
HARE BAY E-1l
BLUE K-28
BORAVISTA C-99
CUNBERLAHD B-53
BONANIA H-T1
DOKINION D-23
HIBERKIA E-15
BGRET K-16
OSPREY H-B4

RUT H-11

Calculated depth of isochrons in the twenty;three

wells of the study area.

The estimate of error

corresponds to the local error bars as measured

in CASC.

Tablg 7.6:
{
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rJ

chron correlation chart of the Labrador sShelf
The time lines are selected at 5 Ma
intervals, from 5 Ma to 60 Ma B.P.,
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Figure 7.7: Isochron cdrrelatio chart of the Grand Banks - 9
wells. The time lijjes are selected at 5 Ma
intervals, from 5 Ma to 60 Ma B.P..
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Figure 7.8: Plot the CASC estimated epoch boundary dgp&&s
versus the biostratigraphicallg/éstim ‘d onies.
_ The straight line represent—the perfect
. correlation line with a slope of 1. The squares -’
and circles represent thevcdﬁﬁg?iébn\of CASC
-~ . depths with foraminifer and palynomorph-derived
depth estimates, respectively. .

\.._//
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The comparative plot of Figure 7.8 is based on 58
palynomorph and 49 foraﬁiniferal depth estimates. The mean
deviations from the CASC estimate are -0.03 km and 0.07 km for
foraminifers and palynomorphs, respectively. Depth estimates
based on the three soﬁrces (i.e.; CASC, foraminiférs and
palynomorphs) are availableg in 30 situations. WwWhen both
paleontological estiﬁates are available, the mean-deviations
from CASC values are closer (see Table 7.7). The =
foraminiferal estimates of depth for the epoch boundaries are,
on average, closer than the ones based on palynomorpﬁs. The

corresponding unbiased sample standard deviations are,

however, similar (see Table 7.7).°

Three distinct groups are observable in Figure_?.a. The
first consists of CASC dethF estimates lesser than
approximately i.3 km and smaller thén the paleoﬂtologicai
estimates. The third group is made up of CASC depth estimates
greater than 2.3 knm aqd more than 156 m smaller than the
corresponding paleontological estimates. Finally, the second
group is made up of all the estimates that do not helong to
groups 1 or 3. 1In:rgeneral, the CASC depth estimates the epoch
boundaries of group 2 are greater than the paleontological

estimates.

By definition, the depth estimates of group 1 represent
cases in which the CASC value is smaller than the

paleontoleogical estimates. When both foraminiferal and



Table 7.7:
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Mean deviations of CASC and paleontolegically
estimated depths of Cenozolc epoch boundaries. The
deviations are expressed in km. The three groups
are defined in the text. The sub-groups of
comparisons represents the epoch boundaries for
which foraminiferal, palynomorph, and CASC depth
estimates are avallable. The value n is the number
of estimates used in calculating the mean. '

.

&
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[ - Mean n
all foraminifers: ~0.033 49
estimates palynomorphs: 0.067 58
Combined: - 0.022 107
ALL
GROUP_S =

Mean n-
sub- foraminifers: 0.050 30
b group palynomorphs: 0.063 30
Combined: 0.057 60
Mean n
all foraminifers: -0.220 15
estimates ralynomorphs: -0.202 17
’ Combined: -0.211 32

GRCUP 1
! Mean n
sub- foraminifers:. -0.169 8
group palynomorphs: ~-0.270 8
. Combined: -0.220 16
Mean n
~all foraminifers: 0.152 29
estimates palynomorphs: 0.189 40
Combilned: 0.174 69

GROUP 2
Mean n
! sub- oraminifers: 0.148 22
grgup ralyromorphs: 0.167 22
“__ " Combined: 0.157 44

<4

Mean n
all foraminpifers: -0.542 5
estimates palynomorphs: -0.234 1
Combined: -0.491 6

GROUP 3
Mean n
sub- foraminifers: N/A 0
group palynomorphs: N/A 0
: Combined: N/A 0

V

tJ
[ ]
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8 g Y
palynomorph depfh estimateé are available, the foraminifer§5
seem to better approximate the CASC estimated depth, as can be
observed in Table 7.7. TEis bias could have been éxpected '\
because the chronostratigraphic calibration of the RASC scale
{F based on twice as many foraminiferal ages as palyndmorph
aées.

A possible cause for the lower CASC epoch boundary
estimates 1s systematic underestimation of depth by the CASC
spline{curve. Alternativeiy, Zhe age of the events could have
been systematically overestimated at the top of the optimum
sequence causing underestimation of the depth of time lines.
This second hypothesis is the préferred explanétion for the
observed deviations: When overestimated age values are.
assigned to events,'hnderestimated depth of time line will
result (see Figqure 7.9 {(c)). The overestimation of the age of
a chronostratigraphic event in a section can be due to two
factors:‘either thé reworking of the fossil species, or an
underestim%tion QE its RASC position (see Figure 7.9 (d4)).

The undere;%imation of the RASC position of events is
congilstent with the findings of the frequency distribution

study (see section 5.5) where a systematic departure was

observed in the yoyngest section of the optimum sequence.

The second group of epoch boundary depth estimates
indicates closer correlations of estimates from the different

sources, though the foraminiferal depth-estimates are again



Figure 7.9 (a);.

Figure 7.9 (b):

Figure 7.9 (c):

Fiqure 7.9 (d):

Theoretical age-depth curve. The number 1

“identifies the perfect correlation line.

Theoretical age-depth curve using
underestimated ages values. The resulting
curve 2, exhibits overestimated depths o
time lines. ‘ — '

Theoretical age-depth cﬁrve using .
overestimated ages values. The resulting

curve 3, exhibits underestimated depths of
time lines. ’

Theoretical age versus RASC distance curve.

©
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For the ages to be overestimated, either the

RASC distances are underestimated or the
biostratigraphic age assignments are wtrong.

&
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RASC distance

(b)

(a)




233

closer to the corresponding CASC values. The depths of the
boundaries are estimated to be deeper by CASC than by
conventional biostratigraphy. Because the CASC age-depth
estimates are systematically slightly greater than expected
over a considerable range of depth, it is pfobable that the
assigned numerical ages are underestimated for what
corresponds to the middle part of the aptimum sequence. These
results are consistent with a slight bverestimétion of the
RASC position of events (see Figure 7.9 (d)). as was observed
in the frequéncy distribution study (see section 5.5 and

Figure 5.2). - '

u

The third gron of events 1s small and contains mostly
foraminifer:ily based boundary depth estimates. Fufther
investigation reveal that 5-0f the & esgimaﬁes come from the
Blue well, which is-further offshore than the others used in
this compilation: The discrepanhies can be explained by
either an underestimation of depths by CASC implving again an
overestimation e{\ﬁff ages of events. This could be’the
résult of allonger survival of events in the Blus well because
of its geographic position. Another possibility <is that the .

s

biostratigraphic estimates of epoch boundary depths are_tdb

large.

\
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7.6 Conclusions

(7a) Tracing RASC biozones between all wells of the study
_ area using the C“SC method effectively identifies patterns of

rates of sed}mént accumulations.

(7b)} CASC depth estimates of Cenozoic epech boundaries
are consistent with the corresponding boundary depths assigned

in the atlas of the Labrador sea {Gradstein, 1986).

(7c) The deviations between CASC estimates of Jdepth and
biostratigraphically assigned values exhibit a behaviour
similar to that of the calculated frequency distributions of

Chapter 5.

o

s
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8. Epilogue

The integration of palynological and foramlniferal data
_ yields a higher resolution bidzonation than was previously

available!. The increase in resolution is‘two—fold; the first
effect’ is due to the particular nature of the data §eté. As
they are partially complementary, the integration produces a
geologically more coﬁplete data set. The second factor 1s that
the measured RASC inferevent diétances are based on a greater
numbef of estimates. "The integrated biozonafion sﬂows a ]
statistically significant rank correlation with a literature

sequence of events.

) A numerical time scale is built using the positiéns.of
the events in the RASC Sequenqe and the published ages of a
subset of the events in that sequence. Lfthoétra igraphic
markers show a high correlatia 5etween publishéd and RASC
inferreq ages. Because of QEZZIution of the RASC sequence,

the ensuing numerical time scale is useful for

chronostratigraphic purposes and objective correlation.

The éombined use of RASC ang correspondence analysis
provides valuable insights into the présence cof paleo-
environmental gradients, énd more specifically intq. he onset
and decline of paleoceancgraphic currents. There rﬁﬁa strong

~ipdication that the Labrador current began at the beginning of

®
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RASC zone X (Middle Miocene). Correspondence analysis results
clearly denote that the Eocene climatic warming began early in

RASC zone II.

Tﬁé frequency distribution method provides reliéble
estimates of fregquency diEEEibutions, as indicated_by‘a pooled
variance measure of o2 = 0.48'compared.to an expected value of
g2 = 0;5. The evenEAQariaace estimatés indicéte unequal
variances of events anﬁ provide values to be useé in a refimned
RAéC model. The new model ﬁroducés a biozonation that
stabilizes after three times estimating the frequencf
distributions and inputing them into modified RASC. The
norqality cf event.distributions‘igkascefgained through a chi-
squared test of goodness of fit applied to a composite
hi?togram of standardized event distributions. A systematic
deviation indicates- underestimation oﬁ:RAsc distances at the
top of the scaled optimum seguence and overestimation at thé
‘bottom. Because the optimum seguence is constructed starting
at a distance of 0, this.trend reflects a "stretching" at both
ends of the sequence. This ié probably caused by an
insufficient amount of data in the sections of several wells.
To estimate the fréquency distributions, the deviations
between RA%F posiltion and well position of events must be
calcula;ed. These estimates provide a valuable insight into
the synchroneity of,eVéhts:and, consequently, into their value

as markers.
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The RASC mo{gl seems robust with réspect to 1ts critical
probit value (AAA). 1Increasing this parameter yields a.
proportional incfease in scaled optimum sequence length before
final reordering and a-similar general treqd after final

E?ordering. Changes in AAA.result in minor reordering of
| events. The greater the differences in AAA value between two
sequeﬂces, the more feordering will cccur. -The amount of
deviation of event ranks between sequences is not
.statistijélky significant, as reflegted by Kendall Tau rank
coefficient values in excess of 0.95|\between pairs of
‘sequences of different probilt critical values. The AAA Qalues
produce greater variation at the top and bottom of scaled
sequences and in zones bounded by.maffga\unconformities or
disconformities where a few events ﬁay havg been reworked or
caved-in. These results are consistent with the deviaﬁiqns

observed in the fregquency distribution study.

A

The objective correlation technique of the CASC model
provides an effective method of identifying patterns of
sediment accumulatidns by tracing biozones and isochrons
thréugh the w%lls of the study area. The CASC estimated
depths of Cenozoic epochlboundaries show good agreement with
similaf value determined through biogiratigraphy. Deviations

between the two éstimates reflect previously discussed

s?stematic deviations at the top and bottom.of the optimum

/2 .
I \



séquence. These trends are consistent wi

distribution results.
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APPENDIX
LIST OF FORAMINIFERA, DINOFLAGELLATE
AND SPORES AND POLLEN DATA SET
RUT H-11 (M)

Rotary table height: 12.0M

Water depth: 124.0M
Depth Number Fossil Name
675. 17 ASTER&GERINA GURICHI
77 ELPHIDIUM SPP,
2150, 25 COARSE ARENACEOUS SPP.
80 CYCLAMMINA CANCELLATA
227C. - 259 AMMODISCUS LATUS
2910. . 129 CYCLAMMINA PLACENTA
2950. 53 UVIGERINA EATJESI
3030. 205 NUTTALINELLA FLOREALIS
39 ALABAMINA WILCOXENSIS
3110. , 96 ACARININA INTERMEDIA WILCOXENSIS
3150. 63 NODOSARIA CF. POZOENSIS
3470. 230 BULIMINA OVATA
4070. 68 - : SPIROPLECTAMMINA SPECTABILIS LO
KARLSEFNI H-~13 (F) ‘
Rotary table height: 40.0F ), _\\\\
Water depth: 573.0F s : /
Depth Numberx Fossil Name ¥
1760, , 228 CASSIDULINA TERETIS
283 PINUS .
1960. 287 PODOCARPIDITES DA
293 TSUGAEPOLLENITES INGNICULUS
2260. 501 OPERCULOPINIUM CENTROCARPUM
276 ABIES
282 OSMUNDACIDITES DA
2350. 552 SPINIFERITES PSEUDOFURCATUS
569 SYSTEMATOPHORA ANCYREA
3150, 279 BOMEACACIDITES DA
3570. 585 TRITHYRODINIUM
4150. 289 : SEQUOIAPOLLENITES ,
4350. 342 CHLAMYDOPHORELLA NYEI
4450. 345 ALTERBIA
515 PARALECANIELLA INDENTATA
5894. 576 THALASSIPHORA DELICATA
; ‘

e



KARLSEFNI H-13 (F)

Depth

6260,
6374,

6460,
6720.

6760,
6860.

7200.
7250.

7380,
7514,
7972,
8600.

8660.

9060.
9080.
9160,

9260.

Number °

67
369
294
478
358
405
288
25
434
470
479
316
295
118
321
338 .
433
41
558
69
419
577
480
372
296
284
377
397
570
260
261
301
68
39
317
53
206
173
591
29
378
86
30
63
34
300
297

258

Fossil Name

SCAPHOPOD SP. 1

CYCLOPSIELLA VIETA

NYSSAPOLLENITES DA

LINGULODINIUM MACHAEROPHORUM
CYCLONEPHELIUM DISTINCTUM
EPICEPHALOPYXIS

POLYPODIACIDITES DA

COARSE ARENACEOUS SPP.
HYSTRICHOSPHAERIDIUM

LENTINIA

LINGULODINIUM DC

XENIKOON DA ' o
NYASSAPOLLENITES DB

EPISTOMINA SP. 5

CARPODINIUM

CHIROPTERIDIUM MESPILANUM
HYSTRICHOKOLPOMA RIGAUDIAE
PLECTOFRONDICULARIA AFF. PAUCICOSTATA
SPINIFERITES DA

NODOSARIA CF. ELEGANTISSIMA A
GLADHROCYSTA PASTIELSII 5
THALASSIPHORA PATULA
LITHODINIA

DAPSILIDINLUM SIMPLEX
OSMUNDACIDITES
PISTILLIPOLLENITES MCGREGORII
DEFLANDREA PHOSPHORITICA
EATONICYSTA URSULAE
SYSTEMATOPHORA AREOLATA
HAPLOPHRAGMOIDES KIRKI
HAPLOPHRAGMOIDES WALTERI
APECTODINIUM QUINQUELATUM
SPIROPLECTAMMINA SPECTABILIS LO
ALABAMINA WILCOXENSIS
ACHILLEODINIUM BIFORMOIDES
UVIGERINA BATJESI

EPONIDES POLYGONUS

ANOMALINA SP. 1

WETZELIELLA ARTICULATA ,
CYCLAMMINA AMPLECTENS
DEPLANDREA CF PHOSPHORITICA
TURRILINA ROBERTSI
CIBICIDOIDES BLANPIEDI
NODOSARIA CF. POZOENSIS
MARGINULINA DECORATA
APECTODINIUM PARVUM

MEGASPORE SP, 1



J

KARLSEFNI H-13 (F)-

Depth

9260,
9360.

9460.

Number

264
376
500
. 599
230
a4
42
348
3gs
96
36
314
403
427
438
326
313
273
375
582
270
424
L64
50
286
52
533
467
45
54
363
322
56
55
62
512
61
253
559
258
334
308
483

Fossil Name
KARRERIELLA CONVERSA
DEFLANDREA OQEBISEELDENSIS-
OPERCULOPINIUM QEFHIRSUTUM
WILSONIDIUM ECHT
BULIMINA OVATA
CIBICIDOIDES AFF. WESTI
CIBICIDOIDES ALLENI
CORDOSPHAERIDIUM GRACILRE
DINOPETEIGIUM - CLADOIDES SENSU MORG.
ACARININA INTERMEDIA WILCOXENSIS
PSEUDOHASTIGERINA WQLCOXENSIS
AZOLLA
EOCLADOPYXIS PENICULATA (REWORKED)
HOMOTRYBLIUM TENUISPINOSUM .
HYSTRICHOSPHAERIDIUM SALPINGOPHORUM
CERATIQOPSIS SPECIOSA
AREOSPHAERIDIUM DA
DEFLANDREA DENTICULATA M
DEFLANDREA HYALINA
TRIGONOPYXIDIA
CIBICIDOIDES GROSSA
HETERAULACACYSTA LEPTALEA

CSUTURATUM

- NUTPALIDES TRUMPYI

SUBBOTINA PATAGONICA
PLATYCARYAPOLLENITES DA
ACARININA SOLDADOENSIS
PTERODINIUM CINGULATUM
LEJEUNECYSTA HYALINA
BULIMINA TRIGONALIS
SPIROPLECTAMMINA NAVARROANA
CYCLONEPHELIUM VANNOPHORUM
CERATIOPSIS DARTMOORIA
GLOMOSPIRA CORONA L
GAVELINELLA BECCARIIFORMIS
GAVELINELLA DANICA i
PALAEOPERIDINIUM PYROPHORUM
SUBBOTINA PSELDOBULLOIDES
SUBBOTINA TRILOCULINCIDES
SPINIFERITES DB

TAPPANINA SELMENSIS
ALTSOCYSTA CIRCUMTABULATA
XENASCUS

MELITASPHAERIDIUM



SNORRI J-90

Rotary table height:
Water depth:

Depth

1026.
1260.

2060.
2160.
2660,
2760.
2940.
3120.
4140,
4250.
4410.

4360.
5040,
5310.

5400.
5490.

5580.

5760.
5830.

5940.

6030,
6120,

6480.
® 5800.
6930.

(F)

462.0F

Number-

296
77

330
358
283
276
293
417
279
228
339
560
16

461
282
287
67

290
415
288
502
15

+ 21

347
365
433
478
316
431
600
18

328
534
547
470

522~

435
447
294
284
25

304
372

342

37.0F

Fossil Name

OSMUNDACIDITES.
ELPHIDIUM SPP.

CHATANGIELLA

CYCLONEPHELIUM DISTINCTUM
PINUS

ABIES

TSUGAEPOLLENITRS INGNICULUS
GLAPHROCYSTA IﬁERICATA
BOMBACACIDITES DA
CASSIDULINA TERHTIS
CHIROPTERIDIUM LOBOSPINOSUM
SPONGODINIUM DELITIENSE
CERATOBULIMINA CONTRARIA
CHLAMYDOPHORELLA NYEI
LACINIADINIUM .
OSMUNDACIDITES DA
PODOCARPIDITES DA

SCAPHOPOD SP. 1
SEQUOIAPOLLENITES- DA
GLAPHROCYSTA DIVARICATA
POLYPODIACIDITES DA
OPERCULOPINIUM ISRAELIANUM
GLOBIGERINA PRAEBULLOIDES
GUTTULINA PROBLEMA _
CORDOSPHAERIDIUM FIBROSPINOSUM
CYCLONEPHELIUM SP. C
HYSTRICHOKOLPOMA RIGAUDIAE
LINGULODINIUM MACHAEROPHORUM
XENIKOON DA

HYSTRICHOKOLPOMA CIﬁCTUM { REWORKED Y}

WILSONIDIUM INTERMEDIUM
SPIROPLECTAMMINA CARINATA '
CERATRQPSIS WARDENENSIS
PYXIDIELLA .

SPINIFERITES MEMBRANACEUS
LENTINIA

PHTHANOPERIDINIUM
HYSTRICHOSPHAERIDIUM DIFFICILE
IMPLETOSPHAERIDIUM SCALENFURCATUM
NYSSAPOLLENITES DA
PASTILLIPOLLENITES MCGREGORIT
COARSE ARENACEQOUS SPP.
AREOLIGERA CORCNATA
DAPSILIDINIUM SIMPLEX

260



SNORRI J-90

Depth

6930.
7020.

7080,

7110.

7200,
7290.
7310.
7350.

7380,
7525.

7650.

7680.
7740,

7830.

7940.

8100.
8200.

(F)

Number -

377
57
263
32
34
298

29

s 260

53
41
20
36
173
440
317
25
387
427
487
27
297
397
118
264
577
311 |
314
426
456
591
599
309
326
390
536
230
376
446
86
63
507
531
373
393
348
42
432
576

- UVIGERINA

Fossil Name

DEFLANDREA PHOSPHORITICA :
SPIROPLECTAMMINA SPECTABILIS LCO
AMMOBACULITES AFF. POLYTHALAMUS
AMMOSPHAEROIDINA SP. 1
MARGINULINA DECORATA
?PECTGB{Q}UM HOMOMOR PHUM
'YCLAMMINA AMPLECTENS
HAPLOPHRE?;OIDES KIRKI

ATJESI _
PLECTOFRONDICULARIA AFF. PAUCICOSTATA
CIBICIDOIDES BLANPIEDI
PSEUDOHASTIGERINA WILCOXENSIS
ANOMALINA SP. 1
HYSTRICHOSPHAERIDIUM TUBIFERUM
ACHILLEODINIUM BIFORMOIDES
ACHOMOSPHAERA RAMULIFERA
DINOPTERIGIUM CLADOIDES
HOMOTRYBLIUM TENUISPINOSUM
CRIBROPERIDINIUM GIUSEPPET
EPONIDES UMBONATUS
MEGASPORE SP. 1
EATONICYSTA URSULAE
EPISTOMINA SP. 5
KARRERIELLA CONVERSA
THALASSIPHORA PATULA
AREOSPHAERIDIUM DIKTYOPLOCUS
AZOLLA
HOMOTRYBLIUM ACULEATUM
KISSELOVIA CLATHRATA
WETZELIELLA ARTICULATA
WILSONIDIUM ECHINOSUTURATUM
AREOSPHAERIDIUM
CERATIOPSIS SPECIOSA
DIPHYES' COLLIGERUM |
RHOMBOIDINIUM GLABRUM

"BULIMINA OVATA

DEFLANDREA CEBISFELDENSIS
IMPAGIDINIUM VICTORIANUM
TURRILINA ROBERTSI i
NODOSARIA CF. POZOENSIS : -
PALEOCYSTODINIUM BENJAMINII
POLYSTEPHANOPHORUS

DEFLANDREA DENTICULATA
DRACODINIUM CONDYLOS
CORDOSPHAERIDIUM GRACILE -
CIBICIDOIDES ALLENI
HYSTRICHOKOLPOMA CINCTUM TURGIDUM
THALASSIPHORA DELICATA

v
w
o



J SNORRI J-90 (F)

Depth

£270.
3370.
8940.
9020.
9120.
9620,
9720,

9820,

Number

HERJOLF M-92 {

322

349
299
505
45
56
343

512

59
54

F)

Fosgil Name

CERATICPSIS DARTMOORIA
CORDOSPHAERIDIUM INODES
APECTODINIUM HYPERACANTHUM
PALEOCYSTODINIUM

BULIMINA TRIGONALIS
GLOMOSPIRA CORONA
ALISOCYSTA ORNATA
PALAEOPERIDINIUM PYROPHORUM

ZEHAKINA EPIGONA
_§{£§9PLECTAMMINA NAVARROANA

e —_y

Rotary table height: 88.0F

_ 456.0F ‘ Tﬁi

Water depth:
Depth

1600,

1700,
1800.

1900.
2000.

2200,
2400.
2600.

2800,
2900.
3000.
33060.
3400.

3500.

Number;

434
478
513
552
565
569
276
283
293
433
340
431
282
280

" 338

339
568

- 295

330
525
546

S 312

S

287

5C3 -

288
504
347
482
377

4

Fossil Name

HYSTRICHOSPHAERIDIUM
T,INGULODINIUM MACHAEROPHORUM
PALEOSTOMOCYSTIS DA
SPINIFERITES PSEUDOFURCATUS
SUMATRADINIUM

SYSTEMATOPHORA ANCYREA

ABIES

PINUS \ ,
TSUGAEPOLLENITES INGNICULUS
HYSTRICHOKOLPOMA RIGAUDIAE
CHIROPTERIDIUM PARTISPINATUM

HYSTRICHOKOLPOMA CINCTUM (REWORKED)

OSMUNDACIDITES DA
CHENOPODIUMSPORITES DA
CHIROPTERIDIUM MESPILANUM
CHIROPTERIDIU% LOBOSPINOSUM
SVALBARDELLA

_~~"fTASSAPOLLENITES DB

CHATANGIELLA

HANOPERIDINI COMATUM (REWORKED)

SPINIDINIU * VESTITUM

SPHAERIDIU TINIFORME (REWORKED)
PODQCH ITE A

.

OVOIDINIUM)™ :
POLYPODIACIDITES DA
OVGIDINIUM VERRUCOSUM
CORDOSPHAERIDIUM FIBROSPINOSUM
MEIOUROGONYAULAX

' DEFLANDREA PHOSPHORITICA

262



&

HERJOLF M-92
Depth

3700,

3750
J3840.

4000.
4020,
4110,
4200,
4300.

4600.

"4650.

4900.

5100.
5200.

5400.
5500.
560C.

5640.

5700,
5740,
5800.
5900.

6000, ’

;3ﬁ

, \Q

UVIGERINA BATJESI-
)}

.2
o
LAY )

(F) -
Number Fossil Name
501 OPERCULOPINIUM CENTROCARPUM
316 ¥ENIKOON DA
294 NYSSAPOLLENITES DA
T 67 SCAPHOPOD SP. 1
18 SPIROPLECTAMMINA CARIMATA
15 GLOBIGERINA PRAEBULLOIDES .
20 GYROIDINA GIRARDANA
16 CERATOBULIMINA CONTRARIA
526 PHTHANOPERIDINIUM ECHINATUM
567 SURCULOSPHAERIDIUM LONGIFURCATUM A
78 . UVIGERINA PEREGRINA .
70 ALABAMINA SCITULA
448 MPLETOSPHAERIDIUM TRANSFODUM
25 2 CORRSE ARENACEOQUS SPP.
259 ‘. AMMODISCUS LATUS
390 ...DIPHYES COLLIGERUM
417 /GﬁiPHROCYSTA INTRICATA
447 IMPLETOSPHAERIDIUM SCALENFURCATUM
470 LENTINIA
471 , LENTINIA SERRATA
533 PTERODINIUM CINGULATUM &
85 . PSEUDOHASTIGERINA MICR @4{
145 * w ANOMALINOIDES jALLENI}
71 ° EPIST@MINA ELEGANS ' 2
40 - BULIMINA ALAZANENSIS ¥
337 CHATANGIELLA VNIGRI -
259 KISSELOVIA TENUIVIRGULA '
307 - AREOLIGERA 'SENONENSIS 4
371 " DAPSILIDINIUM PASTIELSII :
593 WETZELIELLA OVALIS v
380 - DEFLANDREA SP. B )
290 SEQUOIAPOLLENITES DA P
326 CERATIOPSIS SPECIOSA
286 PLATYCARYAPOLLEMITES DA Sod T
357 CTENIDODINIUM DB
547 SPINIFERITES MEMBRANACEUS
45 BULIMINA TRIGONALIS "
3 SPIROPLECTAMMINA DENTATA
263 AMMOBACULITES AFF. POLYTHALAMUS
261 HAPLOPHRAGMOIDES WALTERI o
34 MARGINULINA DECORATA :
4903 EOCLADOPYXTIS PENICULATA\{REWORKED)
29 CYCLAMMINA AMPLECTENS '
314 AZOLLA . °
298 APECTODINIUM HOMOMORPHUM
“300 APECTODINIUM PARVUM .
41 PLECTOFKONDICULARIA AFF. PAUCICUSTATA

‘\0



HERJOLF M-92 (F)°

Depth

6000.

Y

6100,

6180.
" 1

6300.

-

6450.

6540.

6600.
6630.
6700.

6720,

7060.

7250.
7300.
7400.

7500.

7610.
7790.

BJARNI H-81

Rotary table height:

6200.

Water depth:

Depth

1480.

Number

30
32
264
389
594
86
299

- 427
440

372
425
539
578
57

54

304

1297

319
329
328
394
190
47
154
55
55
323
373
512
349
506
415
416
560
60
59

(E)

456 .0F

Number

433
501
552

Fossil Name . ‘

CIBICIDOIDES BLANPIEDI
AMMOSPHAERQIDINA SP.. 1
KARRERIELLA CONVERSA

DIPHYES AIREANA

WETZELIELLA SYMMETRICA
TURRILINA ROBERTSI
APECTODINIUM HYPERACANTHUM
HOMOTRYBLIUM TENUISPINOSUM
HYSTRICHOSPHAERIDIUM TUBIFERUM
DAPSILIDINIUM SIMPLEX
HOMOTRYBLIUM

SAMLANDIA

THALASSIPHORA PELAGICA
SPIROPLECTAMMINA SPECTABILIS LCO
SPIROPLECTAMMINA NAVARROANA
AREOLIGERA CORONATA

MEGASPORE SP. 1

ACHOMOSPHAERA CRASSIPELUS
ADNATOSPHAERIDIUM RETICULENSE
CERATIOPSIS WARDENENSIS
DRACODINIUM CF CONDYLOS
ANOMALINOIDES ACUTA
PLANOROTALITES PLANOCONICUS
ANOMALINOIDES MIDWAYENSIS
GLOMOSPIRA CORONA

GAVELINELLA BECCARIIFORMIS
CERATIOPSIS DIEBELII
DEFLANDREA DENTICULATA
PALAEOPERIDINIUM PYROPHORUM
CORDOSPHAERIDIUM INODES
PALEOCYSTODINIUM AUSTRALINIUM
GLAPHROCYSTA DIVARICATA
GLAPHROCYSTA EXUBERANS
SPONGODINIUM DELITIENSE
PLANOROTALITES COMPRESSUS
RZEHAKINA EPIGONA

40.0F

Fossil Name

HYSTRICHOKOLPOMA RIGAUDIAE
OPERCULOPINIUM CENTROCARPUM
SPINIFERITES PSEUDOFURCATUS

5]
h



7

T

HJARNI H=-81
Depth

1480.

1510.
1900.

2110,
2460.
25060.
2650,

2160,

2860.

3360.

3450.

3560.

d7s0.
3860.
4060.
4260.
4360.

4560.
4760,
4860,
5060.
5260,

A

(F)
Number

569
293
518
338
346
369
379
553
522
319
367
371
391
448
502
593
316
282
16
347
287
67

478 ™

20
21
487
566
18
69
710
71
511
543
292
,335
358
15
24
34
361
471
535 .
390
591
25
34
29
261

Fossil Name
SYSTEMATOPHORA ANCYREA :
TSUGAEPOLLENITES INGNICULUS
PERISSEIASPHAERIDIUM
CHIROPTERIDIUM MESPILANUM
CORDOSPHAERIDIUM CANTHARELLUM
CYCLOPSIELLA VIETA '
DEFLANDREA SPINULOSA (REWORKED)
SPINIFERITES RAMOSUS MULTIBREVIS
PHTHANOPERIDINIUM
ACHOMOSPHAERA CRASSIPELUS
CYCLONEPHELIUM DY
DAPSILIDINIUM PASTIELSII
DISTATODINIUM PARADOXUM
IMPLETOSPHAERIDIUM TRANSFODUM
OPERCULOPINIUM ISRAELIANUM
WETZELIELLA OVALIS
XENIKOON DA
OSMUNDACIDITES DA
CERATORULIMINA CONTRARIA
CORDOSPHAERIDIUM FIBROSPINGCSUM
PODOCARPIDITES DA
SCAPHOPOD sP. 1
LINGULODINIUM MACHAEROPHORUM
GYROIDINA GIRARDANA
GUTTULINA PROBLEMA
CRIBROPERIDINIUM GIUSEPPEI
SURCULOSPHAERIDIUM LONGIFURCATUM
SPIROPLECTAMMINA CARINATA
NODOSARIA CF. ELEGANTISSIMA
ALABAMINA SCITULA
EPISTOMINA ELEGANS
PALAEOPERIDINIUM CRETACEUM
SPINIDINIUM ECHINOIDEUM
TILIAEPOLLENITES DA
CHATANGIELLA TRIPARTITA

" CYCLONEPHELIUM DISTINCTUM

GLOBIGERINA PRAEBULLOIDES
TURRILINA ALSATICA

AZOLLA .
CYCLONEPHELIUM MEMBRANIPHORUM
LENTINIA SERRATA ™
RHOMECOIDINIUM

DIPHYES COLLIGERUM
WETZELIELLA ARTICULATA
COARSE ARENACEQUS SPP.
MARGINULINA DECORATA
CYCLAMMINA AMPLECTENS
HAPLOPHRAGMOIDES WALTERI

3

265



BJARNI H-81 (F)

‘Depth Number . Fossil Name
5260. 444 HYSTRICHOSPHAERANA ORBIFERA -
529 POLYSPHAERIDIUM
“r 571 SYSTEMATOPHORA PLACACANTHA
587 TUBIDERMODINIUM SULCATUM
5360. 354 CORRUDINIUM INCOMPOSITUM
. 377 DEFLANDREA PHOSPHORITICA
396 DRACODINIUM VARIELONGITUDUM
- 472 LENTINIA WETZELII .
5460. 42 CIBICIDOIDES ALLENI
: 74 EPONIDES SP. 5 :
41 PLECTOFRONDICULARIA AFF. PAUCICOSTATA
32 AMMOSPHAEROIDINA SP. 1
5560. 30 CIBICIDOIDES BLANPIEDI
264 KARRERIELLA CONVERSA
75 LENTICULINA ULATISENSIS L
5660. 57 SPIROPLECTAMMINA SPECTABILIS LCO
5960. 298 APECTODINIUM HOMOMORPHUM
6010. - 297 MEGASPORE SP. 1
306 AREOLIGERA SENONENSIS
393 DRACODINIUM CONDYLOS 2
6060. 459 ', KISSELOVIA TENUIVIRGULA \
6260. - 326 CERATIOPSIS SPECIOSA \
: 418 GLAPHROCYSTA ORDINATA
6360, " 441 HYSTRICHOSPHAERIDIUM DB
512 PALAEOPERIDINIUM PYROPHORUM
6560. 514 PALEOTETRADINIUM
520 PHELODINIUM MAGNIFICUM
6530. 56 GLOMOSPIRA CORONA
EG60. 54 SPIROPLECTAMMINA NAVARROANA
55 . GAVELINELLA BECCARIIFORMIS
419 GLADHROCYSTA PASTIELSII
6740. 323 CERATIOPSIS DIEBELII
411 FORMA P EVITT
430 , HYSTRICHODINIUM DA
’ 454 ISABELIDINIUM MAGNUM .
498 OLIGOSPHAERIDIUM PULCHERRIMUM
505 PALEOCYSTODINIUM

GUDRID H-55 (F)

ﬁotary table height: 40.0F

Water depth: 982.0F
¢
Depth Number Fossil Name
1660. 10 UVIGERINA CANARIENSIS

17 ASTERIGERINA GURICHI



267

GUDRID H-55 (F)

Deprth Number Fossil Name
1660. 569 SYSTEMATGPHORA ANCYREA
316 XENIKOON DA
282 OSMUNDACIDITES DA
283 BINUS :
293 TSUGAEPOLLENITES INGNICULUS
1750, 501 OPERCULOPINIUM CENTROCARPUM
1840. 554 SPINIFERITES SCABRATUS
1960. + 265 ASTERIGERINA GURICHI ({PEAK)
2010. 20 GYROIDINA GIRARDANA
21 GUTTULINA PROBLEMA
18 SPIROPLECTAMMINA CARINATA
) 16 CERATOBULIMINA CONTRARIA
2130. 377 DEFLANDREA PHOSPHORITICA
2220. 492 NEMATOSPHAEROPSIS BALCOMBIANA
2310, 522 PHTHANOPERIDINIUM- - % .
2400, 371 DAPSILIDINIUM PASTIELSII
469 LEJEUNECYSTA TENELLA
B 485 MEMBRANOPHORIDIUM ASPINATUM
279 BOMBACACIDITES DA
24%%. 468 " LEJEUNECYSTA PSILODORA
26?%. 287 PODOCARPIDITES DA
276 305 " AREOLIGERA SEMICIRCULATA
388 DINOPETEIGIUM CLADCIDES SENSU MORG.
497 OLIGOSPHAERIDIUM COMPLEX -
528 PHTHANOPERIDINIUM MICROSPINATUM
3500, : 2 TURRILINA ALSATICA
4160. 276 " ABIES
4400. 383 DIACROCANTHIPIUM
280 CHENOPODIUMSPORITES DA
288 POLYPODIACIDITES DA
4460. ' 15 GLOBIGERINA PRAEBULLOIDES
25 COARSE ARENACEOUS SPP.
4520. 292 TILIAEPOLLENITES DA
4760, 526 PHTHANOPERIDINIUM ECHINATUM
4880. 451 ISABELIDINIUM BELFASTENSE
4940. 33 TURBOROTALIA POMEROLI
5380. 315 XENIKOON
5600. 428 HOROLOGINELLA
. 478 LINGULODINIUM MACHAEROPHORUM
5720. 433 HYSTRICHOKOLPOMA RIGAUDIAE
500 OPERCULOPINIUM -CF HIRSUTUM
291 TILIAEPOLLENITES
5810. - 259 . AMMODISCUS LATUS
5900, 338 CHIROPTERIDIUM MESPILANUM
5990, 284 PISTILLIPOLLENITES MCGREGORII
6020. 40 BULIMINA ALAZANENSIS
34 . MARGINULINA DECORATA



* GUDRID H-55 (F)

Depth

6080.

" 6110.

6200.

6410.

6440.

6530.

6590.

6680.

6830.

6860.

6950,

7860.

8550.

CARTIER D-70

Rotary table height:
Water depth:

Depth

1940.

o

2050.

2140.

2270,

24205

Numbey: »

298
307
328

2
-~

297
50
56
59
54

55

(F)

1017.0F

“Number -

350
283
293
296
276
239
291
16
515
1347
489
524
525

o ' 268

. Fossil Name

WL:2NTTNESTIA BORUSSICA @

PLATYCARYAPOLLENITES ¢
GLOBIGERINA YEGUAENSIS

-ACARININA DENSA

PSEUDOHASTIGERINA WILCOXENSIS
ACARININA AFF. PENTACAMERATA
HAPLOPHRAGMOIDES KIRKI
HAPLOPHRAGMOIDES WALTERI
CYCLAMMINA AMPLECTENS
SPIROPLECTAMMINA DENTATA
BULIMINA TRIGONALIS

EPONIDES SP. 5

CIBICIDOIDES ALLENI
SPIROPLECTAMMINA SPECTABILIS LCO
SIPHOGENEROIDES ELEGANTA
CIBICIDOIDES BLANPIEDI
APECTODINIUM HOMOMORPHUM
AREOLIGERA SENONENSIS
CERATIOPSIS WARDENENSIS:
AMMOSPHAEROIDINA SP. 1
MEGASPORE SP. 1

SUBBOTINA PATAGONICA
GLOMOSPIRA CORONA

RZEHAKINA EPIGONA
SPIROPLECTAMMINA NAVARROANA
GAVELINELLA BECCARILFORMIS

41.0F

Fossil Name

CORDOSPHAERIDIUM MULTISPINOSUM
PINUS :

TSUGAEPOLLENITES INGNICULUS
OSMUNDACIDITES '

ABIES

BOMBACACIDITES DA
TILIAEPOLLENITES

CERATOBULIMINA CONTRARIA
PARALECANIELLA INDENTATA
CORDOSPHAERIDIUM FIBROSPINOSUM
MUDERONGIA

PHT OPERIDINIUM AMOENUM ‘
PHTFANOPERIDINIUM COMATUM (REWORKED)



CARTIER D-70 (F)

pepth

2520.
2620,

2700.
2780,

2960,
3050.

2160.
3360.

3460.

3660.

3750.

3870,

3960.
4060,

4170.

4670.
4750.

4760.
4860.

4860.
4960.

“Mumber

18
433
569
316
416
501
15
428 .
338
493
282"
21
70
67 -
335
69
363
371
346
478
24
172
345
522
526
314
474

25

537
259
471
328
447
448

470
294

487
591
281
298
596

292
34
260
261
284
118
173

269

Fossil Name

SPIROPLECTAMMINA CARINATA
HYSTRICHOKOLPOMA RIGAUDIAE
SYSTEMATOPHORA ANCYREA

XENIKOON DA . .

GLAPHROCYSTA EXUBERANS
OPERCULOPINIUM CENTROCARPUM
GLOBIGERINA PRAEBULLOIDES
HOROLOGINELLA

CHIROPTERIDIUM MESPILANUM
ODONTOCHITINA COSTATA
OSMUNDACIDITES DA ' .
GUTTULINA PROBLEMA ‘
ALABAMINA SCITULA

SCAPHOPOD SP. 1

CHATANGIELLA TRIPARTITA
NODOSARIA CF. ELEGANTISSIMA , *
CYCLONEPHELIUM VANNOPHORUM
DAPSILIDINIUM PASTIELSII
CORDOSPHAERIDIUM CANTHARELLUM
LINGULODINIUM MACHAEROPHORUM
TURRILINA ALSATICA
PSEUDOHASTIGERINA SP.
ALTERBIA

PHTHANOPERIDINIUM ,
PHTHANOPERIDINIUM ECHINATIM
AZOLLA

LEPTODINIUM

COARSE ARENACEOUS SPP.
ROTTNESTIA BORUSSICA
AMMODISCUS LATUS

LENTINIA SERRATA

CERATIOPSIS WARDENENSIS
IMPLETOSPHAERIDIUM SCALENFURCATUM,
IMPLETOSPHAERIDIUM TRANSFOBUM
LENTINIA

NYSSAPOLLENITES DA
CRIBROPERIDINIUM GIUSEPPEI
WETZELIELLA ARTICULATA
CUPANIEIDITES DA .
APECTODINIUM HOMOMORPHUM
WETZELIELLA DA

_TILIAEPOLLENITES DA

MARGINULINA DECORATA
HAPLOPHRAGMOIDES KIRKI
HAPLOPHRAGMOIDES WALTERI
PISTILLIPOLLENITES MCGREGORII
EPISTOMINA SP. 5

ANOMALINA S5P. 1



CARTIER D=70 (f}

Depth Number '

4960. 85
29

5160. 32
42
297
- 531
5260. 35
5360. 457
5470, - 41
57
372
5560. 299
304

472 -

5670. 54
309

390
3937

397

415

427

481

5750. 312
- 423

5870. 56
5970, 326
S 378
418
512

6070. 59
175
, 300
440
500
6170. 351
\323

E

INDIAN HARBOUR M-52 (F)

Rotary table height:

Water depth: 649.0F
Depth Number
1000. 276
283

263

Fossil Name

PSEUDOHASTIGERINA MICRA*

CYCLAMMINA AMPLECTENS

AMMOBACULITES AFF. POLYTHALAMUS
AMMOSPHAEROIDINA SP. 1

CIBICIDOIDES ALLENI

MEGASPORE SP. 1 )
POLYSTEPHANOPHORUS .
SPIROPLECTAMMINA DENTATH
KISSELOVIA COLEOTHRYPTA" (REWORKED)
PLECTOFRONDICULARIA.AFF. PAUCICOSTATA
SPIROPLECTAMMINA SPECTABILIS LCO
DAPSILIDINIUM SIMPLEX

APECTODINIUM HYPERACANTHUM
AREOLIGERA CORONATA. ' .
LENTINIA WETZELII !
SPIROPLECTAMMINA NAVARROANA
AREOSPHAERIDIUM

DIPHYES COLLIGERUM

DRACODINIUM CONDYLOS. %
EATONICYSTA URSULAE / i
GLAPHROCYSTA DIVARICATA ’
HOMOTRYBLIUM TENUISPINOSUM
LUXADINIUM !

* AREOSPHAERIDIUM PECTINIFORME (-REWORKED)

HETERAULACACYSTA CAMPANULA

‘GLOMOSPIRA CORONA

CERATIOPSIS SPECIOSA
DEFLANDREA CF PHOSPHORITICA
GLAPHROCYSTA ORDINATA
PALAEOPERIDINIUM PYROPHORUM
RZEHAKINA EPIGONA
ALLOGROMIA SP.

APECTODINIUM PARVUM
HYSTRICHOSPHAERIDIUM TUBIFERUM
OPERCULOPINIUM CF HIRSUTUM
AMPHIDIADEMA NUCULA
CERATIOPSIS DIEBELII

98.0F et N
- \\"w-—
Fossil Name
ABIES °
PINUS
e /

T



INDIAN HARBOUR M-52 (F)

bepth

1000,
1360.
1450,
1740,

1780.

1870.

1890,

S

1930,

1950.
2040.

2110.

2260.
2350.
2460.

2530.
2550,
2620,

2710.

2800,
3070.

Number

293
291
330

491

338
501
570
312
322
376
448
485
505
596
294
461
281

;//

"\\F o 271

Fossil Name : C ¥

TSUGAEPQLLENITES, INGNICULUS
TILIAEPOLLENITES
CHATANGIELLA
NEOGLOBOQUADRINA“PACHYDERMA
GLOBIGERINA PSEUDOBESA
GLOBOROTALIA INFLATA
GLOBOROTALIA CRASSAFORMIS
ORBULINA UNIVERSA .
SYSTEMATOPHORA ANCYREA
OSMUNDACIDITES

APTEA

HOMOTRYBLIUM
HYSTRICHOKOLPOMA RIGAUDIAE
FURSENKOINA GRACILIS
UVIGERINA CANARIENSIS
OSMUNDACIDITES DA
POLYPODIACIDITES DA .
NEOGLOBOQUADRINA ATLANTICA -
GLOBIGERINA APERTURA

GLOBIGERINOIDES RUBER

GLAPHROCYSTA DIVARICATA
OPERCULOPINIUM ISRAELIANUM
ARTEMISIA -
NEOGLOBOQUADRINA ACOSTAENSIS
SPIROPLECTAMMINA CARINATA
HORCLOGINELLA 7
LINGULODINIUM MACHAEROPHORUM
BOMBACACIDITES DA
SPINIFERITES MIRABILIS
CORDOSPHAERIDIUM CANTHARELLUM
GLOBIGERINA PRAEBULLOIDES
GYROIDINA GIRARDANA
CERATOBULIMINA CONTRARIA
NEMATOSPHAEROPSIS
ASTERIGERINA GURICHI
CHIROPTERIDIUM MESPILANUM
OPERCULOPINIUM CENTROCARPUM
SYSTEMATOPHORA ARECLATA
AREOSPHAERIDIUM PECTINIFORME (REWORKED)
CERATIOPSIS DARTMOORIA
DEFLANDREA OEBISFELDENSIS
IMPLETOSPHAERIDIUM TRANSFODUM
MEMBRANOPHORIDIUM ASPINATUM
PALEOCYSTODINIUM

WETZELTIELLA DA
NYSSAPOLLENITES DA
LACINIADINIUM

CUPANIEIDITES DA



~

<

[ g%

INDIAN HARBOUR M=52 (F) ‘ N

Depth
3070.
3160.

3250.

3430.
34390.
3580.

3600.

3650.

3940.

4030.

4120.

4140.

4300.

4750,

4840.

5200.

5380.
5480.

Number

295
337
342
522
350
379
350

471
287
519
354"
371
479
446
467
575"
24
25
289
345
323
494
525

369 -
493
587
374
431
305
529
26
27
28

68
540
344
463
504
526
527
447
484
578
523
551
259
261

470

Fossil Name

NYASSAPOLLENITES DB
CHATANGIELLA VNIGRI
CHLAMYDOPHORELLA NYEI
PHTHANOPERIDINIUM °
CORDOSPHAERIDIUM MULTISPINOSUM
DEFLANDREA SPINULOSA {REWQRKED)
CORDOSPHAERIDIUM MULTISPINOSUM
LENTINIA SERRATA . =
PODOCARPIDITES DA . :*
PHELODINIUM ) ,
CORRUDINIUM INCOMPOSITUM
DAPSILIDINIUM PASTIELSII
LINGULODINIUM DC
IMPAGIDINIUM VICTORIANUM
LEJEUNECYSTA HYALINA
TANYOSPHAERIDIUM DA
TURRILINA.ALSATICA
COARSE ARENACEOUS SPP.
SEQUOIAPOLLENITES
ALTERBIA
CERATIOPSIS DIEBELII
DONTOCHITINA OPERCULATA
PHTHANOPERIDINIUM COMATUM (REWORKED)

j CYCLOPSIELLA VIETA
ODONTOCHITINA COSTATA
TUBIDERMODINIUM SULCATUM
DEFLANDREA EQCENICA . -

" HYSTRICHOKOLPOMA CINCTUM (REWORKED)
AREOLIGERA SEMICIRCULATA
POLYSPHAERIDIUM
UVIGERINA EX.GR.MIOZEA-NUTTALI
EPONIDES UMBONATUS
CIBICIDOIDES SP. 5
CYCLOPSIELLA ELLIPTICA
SCHIZOCYSTIA RUGOSA
COMASPHAERIDIUM COMETES
LACINIADINIUM BICONICULUM
OVOIDINIUM VERRUCOQSUM
PHTHANOPERIDINIUM ECHINATUM
PHTHANOPERIDINIUM LEVIMURUM
IMPLETOSPHAERIDIUM SCALENFURCATUM
MEMBRANILARNACIA
THALASSIPHORA PELAGICA
PHTHANOPERIDINIUM ALECTROLOPHUM
SPINIFERITES POROSUS
AMMODISCUS LATUS
HAPLOPHRAGMOIDES WALTERI
LENTINIA



/ : -/ - 273
INDIAN HARBOUR M-52 (F) . S
Dep h : Number ' Fossil Name -
5590, : 382 DEFLANDREA SP..C - e
'5690. 30 CIBICIDOIDES BLANPIEDI : ' LT

5780. 487 CRIBROPERIDINIUM GIUSEPPEI’
5880. 335 CHATANGIELLA TRIPARTITA
497 OLIGOSPHAERIDIUM COMPLEX
509 PALEOHYSTRICHOPHORA INFUSORIOIDES
554 SPINIFERITES SCABRATUS
O8O . : 260 - HAPLOPHRAGMOIDES KIRKI
3 AMMOSPHAEROIDINA SP. 1
«531 POLYSTEPHANOPHORUS
6370. 353 CYCLONEPHELIUM VANNOPHORUM .
6770. "33 TURBOROTALIA POMEROLZT
6970. 314 AZOLLA
6980. 591 WETZELIELLA ARTICULATA
7260. 375  DEFLANDREA HYALINA |
440 HYSTRICHOSPHAERIDIUM TUBIFERUM
540 _ SCHIZOCYSTIA RUGOSA
593 . WETZELIELLA OVALIS
594 « WETZELIELLA SYMMETRICA
7460. 599 WILSONIDIUM -ECHINOSUTURATUM
7560. © 34 MARGINULINA DECORATA
35 -SPIROPLECTAMMINA DENTAHTA
7660. 263 AMMOBACULITES AFF. POLYTHALAMUS
36 . PSEUDOHASTIGERINA WILCOXENSIS
39 -~ ALABAMINA WILCOXENSIS
7760. 29 CYCLAMMINA AMPLECTENS
40 BULIMINA ALAZANENSIS
41 PLECTOFRONDICULARIA AFF. PAJCICOSTATAN
42 - CIBICIDOIDES ALLENI '
7860. 380 . DEFLANDREA SP. B
458 KISSELOVIA CRASSIRAMOSA
7870C. ¢ 86 TURRILINA ROBERTSI
544 SPINIDINIUM STYLONIFERUM
7960. 473 LENTINIA DA
8050. 37 ACARININA AFF. PENTACAMERATA ,v/
38 LENTICULINA SUBPAPILLOSA
8140. 44 CIBICIDOIDES AFF. WESTI
8230. 309 AREOSPHAERIDIUM
8350. &5 BULIMINA TRIGONALIS
297 MEGASPORE SP. 1
41 PLANOROTALITES PLANOCONICUS
8860. 49 OSANGULARIA EXPANSA
392 DOROCYSTA
479 LINGULODINIUM DC
508 PALEOCCYSTODINIUM GOLZOWENSE
9130. 381 DEFLANDREA SP. B 2

9490. 57 SPIROPLECTAMMINA SPECTABILIS LCO
' 54 SPIROPLECTAMMINA NAVARROANA



t T _ T 274
INDIAN HARBOUR M-52 (F) . -
Depth Number Fossil Name . >
9490. 50 SUBBOTINA .PATAGONICA
52 ACARININA SOLDADOENSIS
9560. - 299 APECTODINIUM HYPERACANTHUM
9530. 300 APECTODINIUM PARVUM )
_ 393 DRACODINIUM CONDYLOS - /
9670. ‘ 333 ADNATOSPHAERIDIUM VITTATUM
9760. 328 *  CERATIOPSIS WARDENENSIS
| 490 MURATODINIUM FIMBRIATUM
9850, 55 GAVELINBLLA BECCARIIFORMIS
' 56 - GLOMOSPIRA CORONA ‘
9940. 326 CERATIOPSIS SPECIOSA
. 507 PALEOCYSTODINIUM BENJAMINII .
1003Q. 59 RZEHAKINA EPIGONA ‘ v
10090.. . 60 PLANOROTALITES COMPRESSUS
: 61 'SUBBOTINA PSEUDOBULLOIDES
62 GAVELINELLA DANICA
10230. 334 ALISOCYSTA CIRCUMTABULATA
. 1092¢. 512 . PALAEOPERIDINIUM PYROPHORUM.
LELF E-38 (F) 2 .o . .
- ' N
Rotary table height: 40.0F
Water depth: 550.0F
Depth Number - Fo;sil Name , -
1100. 276 ABIES : o
283 PINUS
293 TSUGAEPOLLENITES INGNICULUS
1210. 228 . CASSIDULINA TERETIS
77 ELPHIDIUM SPP.
) 270 ' CIBICIDOIDES GROSSA
278 ARTEMISIA DA
292 TILIAEPOLLENITES DA
1300. 478, LINGULODINIUM MACHAEROPHORUM™
) 508 PALECCYSTODINIUM GOLZOWENSE
529 . POLYSPHAERIDIUM
1310, 17 ASTERIGERINA GURICHI .
1410. " 350 CORDOSPHAERIDIUM MULTISPINOSUM
367 CYCLONEPHELIUM DY
1500. 525 ' PHTHANOPERIDINIUM COMATUM {REWORKED)
1590. 287 PODOCARPIDITES DA
1690. 348 CORDOSPHAERIDIUM GRACILE
446 IMPAGIDINIUM VICTORIANUM
503 OVOIDINIUM '
522 PHTHANOPERIDINIUM

316 XENIKOCN DA



Y
. -
LEIF E-38 (F) ]
Depth " Number Fossil Name
1790, 569 SYSTEMATOPHORA ANCYREA
2090. 373 DEFLANDREA DENTICULATA
2190, . 474 LEPTODINIUM
2710. 16 . CERATOBULIMINA CONTRARIA®
67 SCAPHOPOD Sp. 1’
282, OSMUNDACIDITES DA
2840, 304 AREOLIGERA CORONATA -
576 THALASSIPHORA DELICATA
2920, 335 CHATANGIELLA TRIPARTITA
- < 497 OLIGOSPHAERIDIUM CCMPLEX
3030. - + 488 MILLIOUDODINIUM TENUITABULATUM
3120. 399 ELLIPSOQIDICTYUM
3230. 18 SPIROPLECTAMMINA CARINATA
21 GUTTULINA PROBLEMA
371 DAPSILIDINIUM PASTIELSII -
449 'ISABELIDINIUM KCUMINATUM
- 279 BOMBACACIDITES DA
3330. 370 DANEA CALIFQRNICA
433 HYSTRICHOKOLPOMA RIGAUDIAE
457 KISSELOVIA COLEOTHRYPTA (REWORKED)
469 - LEJEUNECYSTA TENELLA -
550 SPINIFERITES NODOSUS
3430. 307 AREOLIGERA SENCONENSIS
% 517 PENTADINIUM LATICINCTUM
A520. 20 GYROIDINA GIRARDANA
LEIF M-48 (F)
Rotary table height: 4C.0F
Wager depth: 542.0F
Depth Number Fossil ‘Name -
+1290. 280 CHENOPODIUMSPORITES DA
283 PINUS . .
292 TILIAEPOLLENITES DA
1300. 339 CHIROPTERIDIUM LOBCSPINOSUM
228 CASSIDULINA TERETIS '
77 ELPHIDIUM SPP. .
10 UVIGERINA CANARIENSIS
303 APTEQODINIUM SPIRIDOIDES
320 CANNGSPHAEROPSIS DA
437 HYSTRICHOSPHAERIDIUM PALMATUM
293 TSUGAEPOLLENITES INGNICULUS
1326, 335 CHATANGIELLA TRIPARTITA
1500. 282 OSMUNDACIDITES DA

1600. - 323 y CERATIOPSIS DIEBELII

275"



—

LEIF M-48 (F)

Depth
1600,
1690.
1700.
2100.
2380.
2470.
2500.
2600.
2900.
3100.
3290.
3380.
3480.
3580.

3790.
3850.

3880,

3940.

4030.

4120.
4210,

4248.

4480.
4630,

4660.
4720.
4750.

Number

503
529
415
496
316
543
385

584
287
181
16
67
493
569
599
494
15
522
20
21
18
70
371
69
347
474
478
588
85
24
346
416

593
328
367
571
578
315
318
592
459
591
333
25
238
577
42
390

Fossil Name

CVOIDINIUM

POLYSPHAERIDIUM '
GLAPHROCYSTA DIVARICATA
OLIGOSPHAERIDIUM ASTBRIGERUW

"XENIKOON DA

SPINIDINIUM ECHINGIDEUM
DINOGYMNIUM EUCLAENSE
TRINOVANTEDINIUM
PODOCARPIDITES DA

CYCLOGYRA INVOLVENS
CERATOBULIMINA CONTRARIA
SCAPHOPOD SP. 1
ODONTOCHITINA COSTATA
SYSTEMATOPHORA ANCYREA
WILSONIDIUM ECHINOSUTURATUM
ODONTOCHITINA OPERCULATA
GLOBIGERINA PRAEBULLOQIDES
PHTHANOPERIDINIUM

GYROIDINA GIRARDANA
GUTTULINA PROBLEMA i}
SPIROPLECTAMMINA CARINATA
ALABAMINA SCITULA _
DAPSILIDINIUM PASTIELSII
NODOSARIA CF. ELEGANTISSIMA
CORDOSPHAERIDIUM FIBROSPINOSUM
LEPTODINIUM -
LINGULODINIUM MACHAEROPHORUM
VOZZHENNIKOVIA EXTENSA
PSEUDOHASTIGERINA MICRA
TURRILINA ALSATICA
CORDOSPHAERIDIUM CANTHARELLUM
GLAPHROCYSTA EXUBERANS
WETZELIELLA OVALIS
CERATIOPSIS WARDENENSIS
CYCLONEPHELTUM DY
SYSTEMATOPHORA PLACACANTHA
THALASSIPHORA PELAGICA
XENIKOON .
ACHOMOSPHAERA ALCICORNU
WETZELIELLA LUNARIS

"KISSELOVIA TENUIVIRGULA

WETZELIELLA ARTICULATA
ADNATOSPHAERIDIUM VITTATUM
COARSE ARENACEOUS SPP.
CIBICIDOIDES SP. 7
THALASSIPHORA PATULA
CIBICIDOIDES ALLENI
DIPHYES COLLIGERUM



v
o

o~

2717

LEIF M-48 (F) .° ",
o~ bepth Number Fossil Name
4850, 29 CYCLAMMINA AMPLECTENS
5010. 307 _ AREOLIGERA SENONENSIS
403 EQCLADOPYXIS .PENICULATA (REWORKED)
448 . IMPLETOSPHAERIDIUM TRANSFODUM
533 PTERODINIUM CINGULATUM
5150. v 260 HAPLOPHRAGMOIDES KIRKI
‘ g - MARGINULINA DECORATA
5190. 443 . HYSTRICHOSPHAERIDIUM SP. A
487 CRIBROPERIDINIUM GIUSEPPEI
5250, 57 SPIROPLECTAMMINA SPECTABILIS LCO
74 EPONIDES SP. 5 . :
118 EPISTOMINA SP. 5
263 AMMOBACULITES AFF. POLYTHALAMUS
5280 . 393 DRACODINIUM CONDYLOS
5340 . 30 CIBICIDOIDES BLANPIEDI
41 PLECTOFRONDICULARIA AFF. PAUCICOSTATA
5370. 329 ADNATOSPHAERIDIUM RETICULENSE
465 LANTERNOSPHAERIDIUM
467 iggﬁggECYSTA HYALINA
5410. 286 PLATYCARYAPOLLENITES DA
“5REQ, ‘298 APECTODINIUM HOMOMORPHUM
5620. 297 MEGASPORE SP. 1
56 GLOMOSPIRA CORONA
. 54 SPIROPLECTAMMINA NAVARROANA )
5712, 22 CERATIOPSIS DARTMOORIA
26 CERATIOPSIS SPECIOSA
398 EISENACKIA CRASSITABULATA

FREYDIS B-87 (F)

Rotary table height: 41.0F

- Water depth: 586.0F
Depth Number Fossil Name -

1000, le CERATOBULIMINA CONTRARIA

1480. 330 CHATANGIELLA
376 DEFLANDREA CERISFELDENSIS
379 DEFLANDREA SPINULOSA (REWORKED)
525 PHTHANOPERIDINIUM COMATUM (REWORKED)
569 SYSTEMATOPHORA ANCYREA
276 * ABIES
282 OSMUNDACIDITES DA
283 PINUS
292 FILIAEPOLLENITES DA
293 TSUGAEPOLLENITES INGNICULUS

1570. 287 PODOCARPIDITES DA



.

FREYDIS B-87 (F)

Depth

©1840.

1930.
219Q.
<460,

2470.
2560.

3810.
3910.

4000,

Number
Vv 181
- 67

21
18
400
316
« 290
533
281

“
[

69
2

524
295
474
478
280
291 °
364
526
15
70

419 w

.- 284

//\V' 545

- 294
515
531
354
395
25
391
180
34
206
42
74
173
493
577
260
29
261
45
422
448
566
593

Fossil Name

CYCLOGYRA INVOLVENS
SCAPHOPOD SP. 1
GUTTULINA PROBLEMA
SPIROPLECTAMMINA CARINATA
ELONGOSPHAERA DA SPINOSUS
XENTKOON DA
SEQUOIAPOLLENITES DA
PTERODINIUM CINGULATUM
CUPANIEIDITES DA
GYROIDINA GIRARDANA
NODOSARIA CF. ELEGANTISSIMA
EPONIDES UMBONATUS
PHTHANOPERIDINIUM AMOENUM
NYASSAPOLLENITES DB
LEPTODINIUM
LINGULODINIUM MACHAEROPHORUM
CHENOPODIUMSPORITES DA
TILIAEPOLLENITES
CYCLONEPHELIUM SP. B
PHTHANOPERIDINIUM ECHINATUM
GLOBIGERINA PRAEBULLOIDES
ALABAMINA SCITULA
GLADHROCYSTA PASTIELSII
PISTILLIPOLLENITES MCGREGORZI
SPINIDINIUM SVERDRUPIANUM
NYSSAPOLLENITES DA
PARALECANIELLA INDENTATA
POLYSTEPHANOPHORUS
CORRUDINIUM INCOMPOSITUM
DRACODINIUM SIMILE
COARSE ARENACEOUS SPP.
DISTATODINIUM PARADOXUM
ANOMALINOIDES ACUTA
MARGINULINA DECORATA
EPONIDES POLYGONUS
CIBICIDOIDES ALLENI

_EPONIDES SP. 5
ANOMALINA SP. 1
ODONTOCHITINA COSTATA
THALASSIPHORA PATULA
HAPLOPHRAGMOIDES KIRKI
CYCLAMMINA AMPLECTENS
HAPLOPHRAGMOIDES WALTERI
BULIMINA TRIGONALIS
HEMIPLACOPHORA SEMILUNIFERA
IMPLETOSPHAERIDIUM TRANSFODUM
SURCULOSPHAERIDIUM LONGLFURCATUM
WETZELIELLA OVALIS



FREYDIS B-87 (F}
Number

Depth

4100.

4180,

4300,

4450.
4500.

4520.
4550.
4500,
4590,

4870.

307
377
33
81
41
75
210
32
312
363
529
211
85
94
298
309
323
599
57
88
86
30
297
35
300
372
374
393
418
530
587
373
299
326
344
348
397
416
445
487
306

398

440
415
32z
324
512
460

279

Fossll Name

AREOLIGERA SENONENSIS
DEFLANDREA PHOSPHORITICA
TURBOROTAL POMEROLI
GLOBIGE;;N%A;ENEZUELANA
PLECTOEXONDICULARIA AFF. PAUCICOSTATA
LENTICULINA ULATISENSIS

LOXOSTOMOIDES APPLINAE

AMMOSPHAEROIDINA SP. 1

AREOSPHAERIDIUM PECTINIFORME (REWORKED) -
CYCLONEPHELIUM VANNOPHORUM
POLYSPHAERIDIUM

HANTKENINA SP.

PSEUDOHASTIGERINA MICRA
GLOBIGERINATHEKA KUGLERI

APECTODINIUM HOMOMORPHUM

-AREOSPHAERIDIUM

HETERAULACACYSTA CAMPANULA
WILSONIDIUM ECHINOSUTURATUM
SPIROPLECTAMMINA SPECTABILIS LCO
SIPHOGENEROIDES ELEGANTA
TURRILINA ROBERTSI
CIBICIDOIDES BLANPIEDI
MEGASPORE SP. 1
SPIROPLECTAMMINA DENTATA
APECTODINI{JM PARVUM
DAPSILIDINIUM WIMPLEX
DEFLANDREA EOCENICA
DRACODINIUM CONDYLOS
GLAPHROCYSTA—ORDINATA
POLYSPHAERIDIUM ZOHARYI
TUBIDERMODINIUM SULCATUM
DEFLANDREA DENTICULATA
APECTODINIUM HYPERACANTHUM
CERATIOPSIS SPECIOSA
COMASPHAERIDIUM COMETES
CORDOSPHAERIDIUM GRACILE
EATONICYSTA URSULAE
GLAPHROCYSTA EXUBERANS
IMPAGIDINIUM VICTORIANUM
CRIBROPERIDINIUM GIUSEPPEI
AREOLIGERA SENOQONENSIS
EISENACKIA CRASSITABULATA o
HYSTRICHOSPHAERIDIUM TUBIFERUM
GLAPHROCYSTA DIVARICATA
CERATIOPSIS DARTMOORIA
CERATIOPSIS OBLIQUIPES ‘
PALAEOPERIDINIUM PYROPHORUM

- KLEITHRIASPHAERIDIUM LOFFRENSE



FREYDIS B-87 (F} i

Depth Number Fossil Name
4960. " 56 __ GLOMOSPIRA CORONA
5050, 54 SPIROPLECTAMMINA NAVARROANA
5170. 213 ARENOBULIMINA SP. 2
55 GAVELINELLA BECCARIIFORMIS

5230. 59 RZEHAKINA EPIGONA

HARE BAY E-21 (M)

Rotary table'height: 24 . 2M

Water depth: 239.1M
Depth - Number Fossil Name \
393. 228 CASSIDULINA TERETIS'_
270 CIBICIDOIDES GROSSA
420. 17 . ELPHIDIUM SPP.
450. . 1 NECGLOBOQUADRINA PACHYDERMA
870. 10 - UVIGERINA CANARIENSIS
990. ‘ 136 MELONIS BARLEEANUM
1110, : 16 CERATOBULIMINA CONTRARIA
1140. - 70 ALABAMINA SCITULA
. 15 GCLOBIGERINA PRAEBULLCOIDES
1170. B 24 TURRILINA ALSATICA
1430. ‘ﬂ 18 SPIROPLECTAMMINA CARINATA
' 20 " GYROIDINA GIRARDANA
' . . 25 COARSE ARENACEOUS SPP.
1550. 260 HAPLOPHRAGMOIDES KIRKI1
‘ 263 AMMOBACULITES AFF. POLYTHALAMUS -
1910. ) 259 AMMODISCUS LATUS ‘
2060. 29 CYCLAMMINA AMPLECTENS
233 CATAPSYDRAX UNICAVUS
/%; 69 " NODOSARIA CF. ELEGANTISSIMA
S 118 EPISTOMINA SP. 5
g 32 AMMOSPHAEROIDINA SP. 1
81 GLOBIGERINA VENEZUELANA
2210. 68 SPIROPLECTAMMINA SPECTABILIS LO
2400. 49 OSANGULARIA EXPANSA
2630. 41 PLECTOFRONDICULARIA AFF. PAUCICOSTATA
2660. —227 . CIBICIDOIDES AFF. TUXPAMENSIS
2840. 53 ACARININA AFF. BROEDERMANNI
42 CIBICIDOIDES ALLENI
96 . ACARININA INTERMEDIA WILCOXENSIS
2870, - 50 ) SUBBOTINA PATAGONICA
2960. . 57 SPIROPLECTAMMINA SPECTABILIS LCO
3020. . 66 COLEITES RETICULOSUS

54 SPIROPLECTAMMINA NAVARROANA



281

HARE BAY E-21 (M) : -

Depth Number Fossil Name ;}

3080. 55 . GAVELINELLA BECCARIIFORMIS
161 PLANORCTALITES AUSTRALIFORMIS
56 GLOMOSPIRA CORONA

3140. 59 RZEHAKINA EPIGONA

3200, 253 SUBBOTINA TRILOCULINOIDES'
255 MOROZOVELLA CONICOTRUNCATA
297 MEGASPORE SP. 1

BLUE H-28 (M)

.
Rotary table height: 15.0M
Water depth: 1486.0M

Depth ° Number Fossil Name
2090, 77 ELPHIDIUM SPP.
2150. 1 NEOGLOBOQUADRINA PACHYDERMA
2240, i 4 GLOBOROTALIA INFLS?A'
2540. 267 GLOBORODTALIA HIRSUTA
2600. ) 269 NEOGLOBOQUADRINA ATLANTICA
2720. 110 GLOBIGERINA BULLOIDES
*10 UVIGERINA CANARIENSIS
64 CASSIDULINA ISLANDICA
2870, 266 GLOBOROTALIA PUNCTICULATA (D'ORBIGNY)
3170. ) 124 GLOBOQUADRINA DEHISCENS
125 GLOBOROTALIA CONTINUOSA
6 NECGLOBOQUADRINA ACOSTAENSIS
113 GLOBOROTALIA MENARDII GROUP
3220. 122 SPHAEROIDINELLOPSIS SEMINULINA
3310, 2 UVIGERINA EX.GR.MIQZEA-NUTTALI
71 EPISTOMINA ELEGANS
3550. 268 GLOBOROTALIA AFF. KUGLERI
2 , GLOBIGERINA APERTURA )
3640. 147 CATAPSYDRAX AFF. DISSIMILIS
27 EPONIDES UMBONATUS
3830 2 CYCLAMMINA AMPLECTENS
3830. 261 HAPLOPHRAGMOIDES WALTERI
81 GLOBIGERINA VENEZUELANA
150 GLOBIGERINA GORTANII
3920. 82 GLOBIGERINA LINAPERTA i
15 GLOBIGERINA PRAEBULLOIDES
118 EPISTOMINA SP. 5
138 GLOBIGERINA ANGUSTIUMBILICATA
4070, 146 SUBBOTINA EQCAENA .
84 GLOBIGERINA YEGUAENSIS

4340. 32 AMMOSPHAEROIDINA 'SP. 1
. 79 GLOBIGERINA TRIPARTITA



BLUE H-28 (M)
Depth

4340.

4490.

4635.
4670,

4700,

4730.
4760,

Number

172
53
68
164
-190
42
86
151
33
94
57
37
g0
52

BONAVISTA C-99 «F)

Rotary table
Water dgpth:

Depth
1500.
1590,
2220.
2370.
2460.
2820.

2910.

3000,
3090.

3390.

height:
1080.0F

Number

283
293
76
77
569
545
501
10
316
17
16
371
399
508
571
575
282
320
433
280
319
478
296
552
587

ro
[52]
rJ

Fossil Name

PSEUDOHASTIGERINA SP.

UVIGERINA BATJESI
SPIROPLECTAMMINA SPECTABILIS LO
NUTTALIDES TRUMPYI

-

"ANOMALINOIDES ACUTA

CIBICIDOIDES ALLENI

TURRILINA ROBERTSI

BULIMINA BRADBURYI

TURBOROTALIA POMEROLI
GLOBIGERINATHEKA KUGLERI
SPIROPLECTAMMINA SPECTABILIS LCO
ACARININA AFF. PENTACAMERATA
ACARININA DENGSA _
ACARININA SOLDADOENSIS )

2.6F

Fossil Name

PINUS

TSUGAEPOLLENITES INGNICULUS
CASSIDULINA SP.

ELPHIDIUM SPP-
SYSTEMATOPHORA ANCYREA
SPINIDINIUM SVERDRUPIANUM
OPERCULOPINIUM:- CENTROCARPUM
UVIGERINA CANARIENSIS
XENIKOON DA

ASTERIGERINA GURICHI
CERATOBULIMINA CONTRARIA
DAPSILIDINIUM PASTIELSII
ELLIPSOIDICTYUM
PALEOCYSTODINIUM GOLZOWENSE
SYSTEMATOPHORA PLACACANTHA
TANYOSPHAERIDIUM DA
OSMUNDACIDITES DA
CANNOSPHAEROPSIS DA
HYSTRICHOKOLPOMA RIGAUDIAE
CHENOPODIUMSPORITES DA
ACHOMOSPHAERA CRASSIPELYS
LINGULODINIUM MACHAEROPHORUM
OSMUNDACIDITES -
SPINIFERITES PSEUDOFURCATUS
TUBIDERMODINIUM SULCATUM



. 283
BONAVISTA' C-99 (F) .
bepth Number Fossil Name
3720. 312 AREOSPHAERIDIUM PECTINIFORME (REWORKED)
: . 388‘ DINCPETEIGIUM CLADOIDES SENSU MORG.
3810. ’ 448 IMPLETOSPHABRIDIUH TRANSFQODUM
3990. 303 APTEODINIUM SPIRIDOIDES
‘ 338 CHIROPTERIDIUM MESPILANUM
4150, 457 KISSELOVIA COLEQTHRYPTA (REWORKED)
4380. - 287 PODOCARPIDITES DA
5010. - 379 DEFLANDREA SPINULOSA {REWORKED)
485 MEMBRANOPHORIDIUM ASPINATUM
5370. 518 PERISSEIASPHAERIDIUM
522 PHTHANOCPERIDINIUM
. 526 PHTHANQOPERIDINIUM ECHINATUM
£430. 367 * CYCLONEPHELIUM DY o
5490, : 346 . CORDOSPHAERIDIUM CANTHARELLUM
377 DEFLANDREA PHOSPHORITICA
416 GLAPHROCYSTA EXUBERANS X
525 PHTHANQPERIDINIUM COMATUM (REWORKED)
5760. 524 PHTHANOPERIDINIUM AMOENUM
5820. , 21 . GUTTULINA PROBLEMA
- 419 GLADHROCYSTA PASTIELSII
5827. . 25 COARSE ARENACEOUS SPP.
20 GYROIDINA GIRARDANA
5830. 363 CYCLONEPHELIUM VANNOPHORUM
5832. 279 BOMBACACIDITES DA
5833. 451 ISABELIDINIUM BELFASTENSE
452 . ISABELIDINIUM COOKSONIAE
5837. 528 PHTHANOPERIDINIUM MICROS@INATUM
. 291 TILIAEPOLLENITES ‘
5839. 330 CHATANGIELLA
5843, : 591 WETZELIELLA ARTICULATA
5940. 318 ACHOMOSPHARERA ALCICORNU
6030. 369 CYCLOPSIELLA VIETA
6G210. \ 310 ~ ARECSPHAERIDIUM ARCUATUM
6660. 18 SPIROPLECTAMMINA CARINATA
578 THALASSIPHORA PELAGICA
7293, . 363 CYCLONEPHELIUM SP. C
71380, 79 GLOBIGERINA TRIPARTITA
15 GLOBIGERINA PRAEBULLOIDES
7600, 259 AMMODISCUS LATUS
4569 LEJEUNECYSTA TENELLA
7800 24 TURRILINA ALSATICA |
' 26 UVIGERINA EX.GR.MIOZEA-NUTTALI
7900. 390 DIPHYES COLLIGERUM
8200, 496 OLIGOSPHAERIDIUM ASTERIGERUM
8200. 545 SPINIDINIUM SVERDRUPIANUM
8400. 81 GLOBIGERINA VENEZUELANA
33 TURBOROTALIA POMEROQCLI

8730. 2 GLOBIGERINA LINAPERTA



BONAVISTA C-99 (F) _ ~—
Depth - Number Fossil Name
9400. 83 PLANCROTALITES PSEUDOSCITULUS
~32800. 40 BULIMINA ALAZANENSIS
10000. 84 GLOBIGERINA YEGUAENSIS
27 EPONIDES UMBONATUS
10100. 29 CYCLAMMINA AMPLECTENS
261 HAPLOPHRAGMOIDES WALTERI
10200. 32 AMMOSPHAEROIDINA SP. 1
263 AMMOBACULITES AFF. POLYTHALAMUS
10656. 85 PSEUDOHASTIGERINA_MICRA
86 TURRILINA ROBERTSI
87 BULIMINA AFF. JACKSONENSIS
264 KARRERIELLA CONVERSA
10910, 41 PLECTOFRONDICULARIA AFF. PAUCICOSTATA
34 MARGINULINA DECORATA
11010. 57 SPIROPLECTAMMINA SPECTABILIS LCO
11110. 88 SIPHOGENEROIDES ELEGANTA
: 42 CIBICIDOIDES ALLENI
90 ACARININA DENSA
11110. g9 MOROZOVELLA SPINULOSA
11310. 159 MOROCZOVELLA ARAGONENSIS
92 . MOROZOVELLA CAUCASICA
93 ACARININA AFF. BROEDERMANNI
. 94 GLOBIGERINATHEKA KUGLERI
11410. 56 GLOMOSPIRA CORONA
50 SUBBOTINA PATAGONICA
20 CIBICIDOIDES BLANPIEDI
11510. 47 PLANOROTALITES PLANOCONICUS
96 ACARININA INTERMEDIA WILCOXENSIS
36 PSEUDOHASTIGERINA WILCOXENSIS

11910. 287 MEGASPORE SP. 1 N

CUMBERLAND B~55 (F)

Rotary table height: 98.0F-

water depth: 639.0F
Depth Number Fossil Name
920. 76 CASSILULINA SP.
1380. 293 TSUGAEPOLLENITES INGNICULUS
1470. 283 PINUS
1830, 478 LINGULODINIUM MACHAEROPHORUM
1920. 335 CHATANGIELLA TRIPARTITA
554 SPINIFERITES SCABRATUS
296 OSMUNDACIDITES
2010. 501 QPERCULCPINIUM CENTROCARFUM
280 CHENOPODIUMSPORITES DA



CUMBERLAND B~55 (F)

Depth

2190,

2280.

a300.

2370.

2550,

2730,

2820.
2910.

3000.
3260,

Number

228
1
431
17
384
433
505
565
451
474
479
494
508
531
571
10
11
9
109
71
265
16
20
320
331
371
428
448
497
538
552
569
282
319
303

332

423
435
445
515
280
18

346
347
504
549
502
575

285,

Fossil Name

CASSIDULINA TERETIS
NEOGLOBOQUADRINA PACHYDERMA
HYSTRICHOKOLPOMA CINCTUM (REWORKED)
ASTERIGERINA GURICHI
DICONODINIUM
HYSTRICHOKOLPOMA RIGAUDIAE
PALEOCYSTODINIUM
SUMATRADINIUM

ISABELIDINIUM BELFASTENSE
LEPTODINIUM

LINGULODINYUM DC
ODONTOCHITINA OPERCULATA
PALEOCYSTODINIUM GOLZOWENSE
POLYSTEPHANOPHORUS
SYSTEMATOPHORA PLACACANTHA
UVIGERINA CANARIENSIS
NONIONELLA PIZARRENSE
FURSENKOINA GRACILIS
CASSIDULINA CURVATA
EPISTOMINA ELEGANS
ASTERIGERINA GURICHI (PEAK)
CERATOEBULIMINA CONTRARIA
GYROIDINA GIRARDANA
CANNOSPHAEROPSIS DA
CHATANGIELLA DECDROSA
DAPSILIDINIUM PASTIBELSII
HOROLOGINELLA
IMPLETOSPHAERIDIUM TRANSFODUM
OLIGOSPHAERIDIUM COMPLEX
SAEPTODINIUM EURYPYLUM
SPINIFERITES PSEUDOFURCATUS

" SYSTEMATOPHORA ANCYREA

OSMUNDACIDITES DA
ACHOMOSPHAERA CRASSIPELUS
APTEODINIUM SPIRIDOIDES
CHATANGIELLA DITISSIMA
HETERAULACACYSTA CAMPANULA
HYSTRICHCSPHAERIDIUM DIFFICILE
HYSTRICHOSPHAEROPSIS OVUM
PARALECANIELLA INDENTATA
CHENOPODIUMSPORITES DA
SPIROPLECTAMMINA CARINATA
CORDOSPHAERIDIUM CANTHARELLUM
CORDOSPHAERIDIUM FIBROSPINOSUM
OVOIDINIUM VERRUCOSUM
SPINIFERITES MONILIS
OPERCULOPINIUM ISRAELIANUM
TANYOSPHAERIDIUM DA



CUMBERLAND/B-55 (F)

Depth

3360.
3450.

3540.

3630.
3810.

4080.
4170.

4620.
4710.
4890.
5250.

5610.
5880.
6330.
6420.
6600,

6690.
6870.
7140.
7230.
7320,
7500.
7590,

7700.
7800.
7900.

8100.
8600.
8710.

9000.
91040,

8200.

Number

383
15

119
345
361
117
581
517
219
338
379
388
485
568
312
26

375
522
523
426
24

403
25

259
457
535
374
471
594
525
416
364
358
372
593
132
42

261
367
310
458
41

341
377
84

459
460
467

Fossil Name

DIACROCANTHIPIUM
GLOBIGERINA PRAEBULLOIDES
SPHAEROIDINELLA SUBDEHISCENS

"ALTERBIA

CYCLONEPHELIUM MEMBRANIPHORUM
SPHAEROIDINA BULLOIDES .

TRICHODINIUM CASTANEUM . o

PENTADINIUM LATICINCTUM
MARTINOTIELLA COMMUNIS
CHIROPTERIDIUM MESPILANUM
DEFLANDREA SPINULOSA (REWORKED)
DINORETEIGIUM CLADOIDES SENSU MORG.
MEMBRANOPHORIDIUM ASPINATUM
SVALBARDELLA

AREOSPHAERIDIUM PECTINIFORME (REWORKED)
UVIGERINA EX.GR.MIOZEA-NUTTALI
BEFLANDREA HYALINA
PHTHANOPERIDINIUM
PHTHANOPERIDINIUM ALECTROLOPHUM
HOMOTRYBLIUM ACULEATUM

TURRILINA ALSATICA

EOCLADOPYXIS PENICULATA (REWORKED)
COARSE ARENACEOUS SPP.

AMMODISCUS LATUS®

KISSELOVIA COLEOTHRYPTA {REWORKED)
RHOMBOIDINIUM?

DEFLANDREA EOCENICA

LENTINIA SERRATA

WETZELIELLA SYMMETRICA
PHTHANOPERIDINIUM COMATUM (REWORKED)
GLAPHROCYSTA EXUBERANS
CYCLONEPHELIUM SP. B
CYCLONEPHELIUM DISTINCTUM
DAPSILIDINIUM SIMPLEX

WETZELIELLA OVALIS

GLOBOROTALIA OPIMA NANA —
CIBICIDOIDES ALLENI
HAPLOPHRAGMOIDES WALTERI
CYCLONEPHELIUM DY

AREOSPHAERIDIUM ARCUATUM
KISSELOVIA CRASSIRAMOSA
PLECTOFRONDICULARIA AFF. PAUCICOSTATA
CHLAMYDOPHORELLA GROSSA

DEFLANDREA PHOSPHORITICA
GLOBIGERINA YEGUAENSIS

KISSELOVIA TENUIVIRGULA
KLEITHRIASPHAERIDIUM LOFFRENSE
LEJEUNECYSTA HYALINA

»



CUMBERLAND B-55 (F)

Depth

9200,
9300.

9400.
9600,

9700"
9800.

9900.
10140.

10440,

10560.

10680.

10830.

£
10930,..

11030.
11130.

11330.

11530.

Number

545
570
580
318
390
577
29.
3z
365
226
144
419
49
333
432
446
587
57
36
373
600
90
396
418
52
54
329
309
348
447
161
93
96
151
164
157
297
50
15%
4217
317
397 -
597 -
298
539
311
376
363

287

Fossil Name

SPINIDINIUM SVERDRUPIANUM
SYSTEMATOPHORA AREOLATA
TRICHODINIUM

ACHOMOSPHAERA ALCICORNU

DIPHYES COLLIGERUM .
THALASSIPHORA PATULA ~ .
CYCLAMMINA AMPLECTENS
AMMOSPHAEROIDINA SP. 1
CYCLONEPHELIUM SP. C

GLOBIGERINA SENNI

GLOBOROTALIA CERROAZULENSIS
GLADHROCYSTA PASTIELSII
OSANGULARIA EXPANSA
ADNATOSPHAERIDIUM VITTATUM
HYSTRICHOKOLPOMA CINCTUM TURGIDUM
IMPAGIDINIUM VICTORIANUM
TUBIDERMODINIUM SULCATUM
SPIROPLECTAMMINA SPECTABILIS LCO
PSEUDOHASTIGERINA WILCOXENSIS
DEELANDREA DENTICULATA
WILSONIDIUM INTERMEDIUM
ACARININA DENSA

DRACODINIUM VARIELONGITUDUM
GLAPHROCYSTA ORDINATA

ACARININA SOLDADOENSIS
SPIROPLECTAMMINA NAVARROANA
ADNATOSPHAERIDIUM RETICULENSE
AREOSPHAERIDIUM _
CORDOSPHAERIDIUM GRACILE
IMPLETOSPHAERIDIUM SCALENFURCATUM
PLANOROTALITES AUSTRALIFORMIS
ACARININA AEF. BROEDERMANNI
ACARININA INTERMEDIA WILCOXENSIS
BULIMINA BRADBURYI

NUTTALIDES TRUMPYI

TRITAXIA SP. 3

MEGASPORE SP. 1

SUBBOTINA PATAGONICA
MOROZOVELLA ARAGONENSIS
HOMOTRYBLIUM TENUISPINOSUM
ACHILLEODINIUM BIFORMOIDES
EATONICYSTA URSULAE

WETZELIELLA LV

APECTODINIUM HOMOMORPHUM
SAMLANDIA

AREOSPHAERIDIUM DIKTYOPLOCUS
DEFLANDREA OEBISFELDENSIS
DRACODINIUM CONDYLOS.



CUMBERLAND B-55 (F) :
Depth Numbex Fossil Name

11530. - 440  HYSTRICHOSPHAERIDIUM TUBIFERUM
599 WILSONIDIUM ECHINOSUTURATUM
11830. 55 . GAVELINELLA BECCARIIFORMIS
567 GLOMOSPIRA CORONA \
254 PLANOROTALIEES PSEUDOMENARDII
194 PLANOROTALITES CHAPMANI
11930,  « 26 CERATIOPSIS SHECIOSA
512 PALAEOPERIDINIUM PYROPHORUM
. 576 THALASSIPHORA DELICATA
12030. 334 ALISOCYSTA CIRCUMTABULATA

N\

DOMINION 0-23 (F)

Rotary table height: 98.0F

Water depth: . 530.0F
Depth Number Fossil Name
1200. 283 PINYS .
1380. . 177 BOI/IVINA DZLATATA
: 109 CASSIDULINA CURVATA , 7
169 EPISTOMINELLA TAKAYANAGIIL
1470, 451 ISABELIDINIUM BELFASTENSE -
501 7 OPERCULOPINIUM CENTROCARPUM
) 502 . OPERCULOCPINIUM ISRAELIANUM
1560. 11 NONICONELLA PIZARRENSE
9 FURSENKOINA GRACILIS
546 SPINIDINIUM CF VESTITUM
1650. i 17 ASTERIGERINA GURICHI
1740. - 10 .UVIGERINA CANARIENSIS
117 SPHAEROIDINA BULLOIDES
78 UVIGERINA PEREGRINA '
433 HYSTRICHOKOLPOMA RIGAUDIAE
474 LEPTODINIUM . ,
. 478 LINGULODINIUM MACHAEROPHORUM
1830. 112 MARGINUELINA BACHEIL
329 ADNATOSPHAERIDIUM RETICULENSE
492 NEMATOSPHAEROPSIS BALCOMBIANA
517 - PENTADINIUM LATICINCTUM
552 SPINIFERITES PSEUDOFURCATUS
1920, 18 SPIROPLECTAMMINA CARINATA
569 SYSTEMATOPHORA ANCYREA
2010, 179 GLOBORCTALIA SCITULA PRAESCITULA
16 - . CERATOBULIMINA CONTRARIA
. 15 - GLOBIGERINA PRAEBULLOIDES
71 EPISTCMINA ELEGANS

511 PALAECPERIDINIUM CRETACEUM



289

DOMINION 0-23 (F)

bepth - Number Fossil Name
2100. o122 " SPHAEROIDINELLOPSIS SEMINULINA
¢ 494 *  ODONTOCHITINA OPERCULATA
2190. 549 © SPINIFERITES MONILIS
279 BOMBACACIDITES DA
2280. 371 " DAPSILIDINIUM PASTIELSII
2370, 391 .~ DISTATODINIUM PARADOXUM
452 ISABELIDINIUM COCKSONIAE
2460, 319 ACHOMOSPHAERA CRASSIPELUS *
508 PALEOCYSTODINIUM GOLZOWENSE "
547 SPINIFERITES MEMBRANACEUS
2550. 576 THALASSIPHORA DELICATA .
2670. 180 GYROIDINA SP. 4 '
2760, 346 CORDOSPHAERIDIUM CANTHARELLUM .
2850, 515 PARALECANIELLA INDENTATA -
2940. 26 UVIGERINA EX.GR.MIOZEA-NUTTALI
123 GLCBIGERINOIDES TRILOBUS
137 GLOBIGERINOIDES PRIMORDIUS
343 ALISOCYSTA ORNATA ~
431 HYSTRICHOKOLPOMA CINCTUM (REWORKED)
3030. 14 TEXTULARIA AGGLUTINANS ,
' 130 MELONIS BARLEEANUM .
571 SYSTEMATOPHORA PLACACANTHA
3120. 27 EPONIDES UMBONATUS
338 CHIROPTERIDIUM MESPILANUM
3210, <0 GYROIDINA GIRARDANA
372 DAPSILIDINIUM SIMPLEX
3300. 312 AREOSPHAERIDIUM PECTINIFORME (REWORKED)
3330. 21 GUTTULINA PROBLEMA
181 . CYCLOGYRA INVOLVENS
3390. 310 AREOSPHAERIDIUM ARCUATUM
3480. 327 * CERATIOPSIS STRIATA
339 CHIROPTERIDIUM LOBOSPINOSUM
-3570.. . 377 DEFLANDREA PHOSPHORITICA
3660, 593 WETZELIELLA OVALIS
3840. 379 DEFLANDREA SPINULOSA (REWORKED)
‘ 417 GLAPHROCYSTA INTRICATA
P 485 MEMBRANOPHORIDIUM ASPINATUM
578 THALASSIPH0ORA PELAGICA
3930. 545 " ¥ SPINIDINIUM SVERDRUPIANUM
4110. 591 WETZELIELLA ARTICULATA
4250. 201 SEISMIC EVENT 31
4290. 358 CYCLONEPHELIUM DISTINCTUM
4380, 24 TURRILINA ALSATICA _
4470, 349 CORDOSPHAERIDIUM INODES, .
471 LENTINIA SERRATA
520 PHELODINIUM MAGNIFICUM

4560. 25 COARLE ARENACEOUS SPP.



~

DOMINION 0-23 {F)

Depth

5190.

5280.
5370.
5400,
5640.

5820.
5910.

6090.

S
ro
~d
<

6360.

6720.
. 6800.
6810.
6900.
7080.

7270.

7320,
7370.
7470.
7570.

7670.
7820.

7920.
8070.

8320.

Number

318
348
388
530
34
457
355
527
264
260
38
259
142
81
416

184
82
30
146
69
263
418
424
304
202
32
68
187"
523
49
188
147
190°

- 140

411
472
29
40
191
156
151

1250
226
512
36
44
340

-

Faossil Name

ACHOMOSPHAERA ALCICORNU
CORDOSPHAERIDIUM GRACILE
DINOPETEIGIUM CLADOIDES SENSU MORG.
POLYSPHAERIDIUM ZOHARYI
MARGINULINA DECORATA

KISSELOVIA COLEOTHRYPTA (REWORKED)
CRIBROPERIDINIUM EDWARDSII

. PHTHANOPERIDINIMM LEVIMURUM
. KARRERIELLA CONVERSA

HAPLOPHRAGMOIDES KIRKI
LENTICULINA SUBPAPILLOSA
AMMODISCUS LATUS

GYROIDINA SOLDANII MAMILLIGERA
GLOBIGERINA VENEZUELANA
GLAPHROCYSTA EXUBERANS
GYROIDINA OCTOCAMERATA

" GLOBIGERINA LINAPERTA

CIBICIDOIDES BLANPIEDI

SUBBOTINA EOCAENA

NODOSARIA CF» ELEGANTISSIMA
AMMOBACULITES AFF. POLYTHALAMUS -~

* GLAPHROCYSTA ORDINATA

HETEPAULACACYSTA LEPTALEA
AREOLIGERA CORONATA

SEISMIC EVENT 42
AMMOSPHAEROIDINA SP. 1
SPIROPLECTAMMINA SPECTABILIS LO
CIBICIDOIDES TRUNCANUS
PHTHANOPERIDINIUM ALECTROLOPHUM
OSANGULARIA EXPANSA
PLEUROSTOMELLA SP. 1
CATAPSYDRAX AFF. DISSIMILIS
ANOMALINOIDES ACUTA

ROTALIATINA BULIMINOIDES

FORMA P EVITT .
LENTINIA WETZELII

CYCLAMMINA AMPLECTENS

BULIMINA ALAZANENSIS

‘GLOBIGERINA AFF. HIGGINSI

SUBBOTINA FRONTOSA

EULIMINA BRADBURYI

VULVULINA JARVISI

GLOBIGERINA SENNI
PALAECPERIDINIUM PYROPHORUM
PSEUDOHASTIGERINA WILCOXENSIS
CIBICIDOIDES AFF. WESTI
CHIROPTERIDIUM PARTISPINATUM



DOMINION 0-23 (F)

'Depth

8370.

2300,
9070.

Y070,
9170,

9570,
9770.

loz2io,

*FLYING FOAM I:lB (F)

- Rotary table height:
300.0F

Water depth:
Depth

990.

1080.

1170.

1620C.

1710,

Number

194
g0
57
203
50
47
158
161
5&
297
37
159
laez
196
45
230
164

Number
9
10
508
283
379
279
16
325
384
71 .

446

478

502

552

17

371

433

501

569

275

265

346

Fossil Name

" PLANOROTALITES CHAPMANI

ACARININA DENSA

SPIROPLECTAMMINA SPECTABILIS LCO

SEISMIC EVENT #3

SUBBOTINA PATAGONICA
PLANOROTALITES PLANOCONICUS
SUBBOTINA INAEQUISPIRA
PLANOROTALITES AUSTRALIFORMIS
ACARININA SOLDADOENSIS
MEGASPORE SP. 1

ACARININA AFF. PENTACAMERATA
MOROZOVELLA ARAGONENSIS
MOROCZOVELLA AEQUA-
QOSANGULARIA SP. 4

BULIMINA TRIGONALIS

BULIMINA OVATA

NUTTALIDES TRUMPYI

98.0F

Fossil Name

FURSENKOINA GRACILIS
UVIGERINA CANARIENSIS
PALEOCYSTODINIUM GOLZOWENSE
PINUS ¢

.DEFLANDREA SPINULOSA (REWORKED)

BOMBACACIDITES DA
CERATUBULIMINA CONTRARIA
ACHOMOSPHAERA RAMULIFERA
DICONODINIUM

EPISTOMINA ELEGANS
ISABELIDINIUM ACUMINATUM
LINGULODINIUM MACHAEROPHORUM
OPERCULOPINIUM ISRAELIANUM
SPINIFERITES PSEUDOFURCATHS
ASTERIGERINA GURICHI
DAPSILIDINIUM PASTIELSII
HYSTRICHOKOLPOMA RIGAUDIAE
OPERCULOPINIUM CENTROCARPUM
SYSTEMATOPHORA ANCYREA
PARAROTALIA SP. 2
ASTERIGERINA GURICHI (PEAK)
CORDOSPHAERIDIUM CANTHARELLUM
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FLYING FCAM I-~13 (F) <

Depth Number Fossil Name
1800. 515 PARALECANIELLA INDENTATA
1890. . 18 SPIROPLECTAMMINA CARINATA
iy C110 GLOBIGERINA BULLOIDES L1
338 CHIROPTERIDIUM MESPILANUM ..
2070. 312 - AREOSPHAERIDIUM PECTINIFORME! {(REWQRKED)
' 339 CHIROPTERIDIUM LOBOSPINOSUM
592 WETZELIELLA LUNARIS
2160, 310 AREOSPHAERIDIUM ARCUATUM .
2250. 377 DEFLANDREA PHOSPHORITICA
539 SAMLANDIA
2340. 70 ALABAMINA SCITULA
2520. 26 UVIGERINA EX.GR.MIOZEA-NUTTALI
\\. 15 GLOBIGERINA PRAEBULLQIDES
PN 81 . GLOBIGERINA VENEZUELANA
2700, Py 201 SEISMIC EVENT #1 :
/ 525 PHTHANOPERIDINIUM COMATUM (REWORKED)
2970, 437 CRIBROPERIDINIUM GIUSEPPET
3060.. 452 - ISABELIDINIUM COOKSONIAE
517 PENTADINIUM LATICINCTUM
3150. 24 . TURRILINA ALSATICA
20 GYROIDINA GIRARDANA
2 EPONIDES UMBONATUS
319 ACHOMOSPHAERA CRASSIPELUS
391 DISTATODINIUM PARADOXUM —
403 EOCLADOPYAIS PENICULATA (REWORKED)
. : 527 PHTHANOPERIDINIUM LEVIMURUM
3240. 431 HYSTRICHOKOLPOMA CINCTUM (REWORKED)
3420, 523 PHTHANCPERIDINIUM ALECTROLOPHUM
3690. 416 GLAPHROCYSTA EXUBERANS
522 PHTHANOPERIDINIUM
571 SYSTEMATOPHORA PLACACANTHA
3700, 2 COARSE ARENACEOUS sPe.
4230. 259 AMMODISCUS LATUS
4400. 202 SEISMIC EVENT #2
4500, 263 AMMOBACULITES AFF. POLYTHALAMUS
32 AMMOSPHAEROIDINA 3P. 1
34 MARGINULINA DECORATA
4770. 260 HAPLOPHRAGMGCIDES KIRKI
261 HAPLOPHRAGMOIDES WALTERI ,
4950, 264 - KARRERIELLA CONVERSA
5130. 570 SYSTEMATOPHORA AREOLATA
5300. 29 CYCLAVY4INA AMPLECTENS
. 57 SPIRCPLECTAMMINA SPECTABILIS LCC
- : 203 SEISMIC EVENT. 43 :
5490, 54 SPIROPLECTAMMINA NAVARROANA
5580, 591 WETZELIELLA ARTICULATA
5650. + 297 MEGASPORE SP. 1

5760. 530 POLYSPHAERIDIUM ZOHARYI
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FLYING FOAM I1-123
Number

Depth

5850

54940.
200,

Gagu.
639G.

G480.
6570.
6660.
6750.
6540 .

418
440
417
36

307

()

447 -

435
578
376
41

348
349
jusg

- 424

457
593
390
230
304
427
458

ADOLPHUS D-50 (F)

Rotary table height:
Water depth:

Depth

1140,
1410,
1500,
1590.

1680,
1980,
2700.
2900.
3060.
3660.

377.0F

{

Number

10
71
218
16
136
18
20
179
201
26 .
15
81
69
24
33
202
259
25

Fossil Name

GLAPHROCYSTA ORDINATA
HYSTRICHOCSPHAERIDIUM TUBIFERUM
GLAPHROCYSTA INTRICATA
PSEUDOHASTIGERINA WILCOXENSIS
AREOLIGERA SENONENSIS

IMPLETOSPHAERIDIUM SCALENFURCATUM

MEMBRANOPHORIDIUM ASPINATUM
THALASSIPHORA PELAGICA
DEFLANDREA OEBISFELDENSIS

293

PLECTOFRONDICULARIA AFF. PAUCICOSTATA

CORDOSPHAERIDIUM GRACILE
CORDOSPHAERIDIUM INODES

DINGPETEIGIUM CLADOIDES SENSU MORG.

HETERAULACACYSTA LEPTALEA

KISSELOVIA COLEOTHRYPTA (REWORKED)

WETZELTIELLA OVALIS

DIPHYES COLLIGERUM
BULIMINA OVATA

AREOLIGERA CORONATA
HOMOTRYBLIUM TENUISPINOSUM
KISSELOVIA CRASSIRAMOSA

98.0F

Fossil Name

UVIGERINA CANARIENSIS "
EPISTOMINA ELEGANS —
MARGINULINA AMERICANA L
CERATOBULIMINA CONTRARIA
MELONIS BARLEEANUM
SPIROPLECTAMMINA CARINATA
GYROIDINA GIRARDANA
GLOBOROTALIA SCITULA PRAESCITULA
SEISMIC EVENT 41

UVIGERINA EX.GR.MIOZEA-NUTTALI
GLOBIGERINA PRAEBULLOIDES
GLOBIGERINA VENEZUELANA
NODOSARIA CF. ELEGANTISSIMA
TURRILINA ALSATICA
TURBOROTALIA POMEROLI

SEISMIC EVENT #2

AMMODISCUS LATUS

COARSE ARENACEOUS SPP.
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ADOLPHUS D-50 (F)

Depth " Number Fossil Name
4562, 263 . AMMOBACULITES AFF. POLYTHALAMUS
4920, - 82 GLOBIGERINA LINARERTA
49590, 85 PSEUDOHASTIGERINA MICRA
261 HAPLOPHRAGMOIDES WALTERI
5400 .4 203 SEISMIC EVENT #3
5420. 147 CATAPSYDRAX AFF. DISSIMILIS -
. 260 " HAPLOPHRAGMOIDES KIRKI
5550. — . 58 SPIROPLECTAMMINA SPECTABILIS LO
5778. ' 2 AMMOSPHAEROIDINA SP. 1
5896 . 40 BULIMINA ALAZANENSIS
6018, 30 CIBICIDOIDES BLANPIEDI
6200. 49 OSANGULARIA EXPANSA
.2 CYCLAMMINA AMPLECTENS
6646. 144 GLOBOROTALIA CERROAZULENSIS
g '9Q ACARININA DENSA .
156 SUBBOTINA FRONTOSA .
37 ACARININA AFF. PENTACAMERATA
89 MOROZOVELLA SPINULOSA ,
6975, 234 '~ TRUNCAROTALITES AFF. ROHRI
7596. 160 ACAR%E§NA PSEUDOTOPILENSIS
93 ACARININA AFF. BROEDERMANNT
7917, 36 ' PSEUDOHASTIGERINA WILCOXENSIS
80206. . 161 PLANOROTALITES AUSTRALIFORMIS
164 NUTTALIDES TRUMPYI
3258. g SUBBOTINA PATAGONICA
: 230 7 BULIMINA OVATA |
8384. - b4 SPIROPLECTAMMINA NAVARROANA
8520. 57 SPIROPLECTAMMINA SPECTABILIS LCO
56 GLOMOSPIRA CORONA
87C0. 55 GAVELINELLA BECCARIIFORMILS
3726. 194 PLANOROTALITES CHAPMANI
95 ARAGONIA VELASCOENSIS

HIBERNIA P-1%5 (M)

Rotary table height: 11.3M

Water depth: 80.2M
Depth Number Fossll Name p
255. 17 ASTERIGERINA GURICHI
275. 18 SPIROPLECTAMMINA CARINATA
265 ASTERIGERINA GURICHI (PEAK) —
310. 16 CERATOBULIMINA CONTRARIA
410. 20 GYROIDINA GIRARDANA
©100 GLOBIGERINA RIVEROA

550. 26 UVIGERINA EX.GR.MIQZEA-NUTTALI



HIBERNIA P~15 (M)

Depth Number Fossil Name
020. 201 7 SEISMIC EVENT #1
695. 15 GLOFTGERINA PRAEBULLOIDES
720, 71 EPISTOMINA ELEGANS
915, 72 . CYCLOGYRA DECORATA
945, .69 NODOSARIA CF. ELEGANTISSIMA
960. 202 SEISMIC EVENT #£2 ’
975. 81 ° GLOBIGERINA VENEZUELANA
10065, 27 EPONIDES UMBONATUS
1035, 147 CATAPSYDRAX AFF. DISSIMILIS
1075. 24 TURRILINA ALSATICA
1125, . 25 COARSE ARENACEOQUS SPP.
32 AMMOSPHAEROQIDINA SP. 1
57 SPIROPLECTAMMINA SPECTABILIS LCO
259 AMMODISCUS LATUS
260 HAPLOFHRAGMOIDES KIRKI
1185, 261 HAPLOPHRAGMOIDES WALTERI
1195, 2 CYCLAMMINA AMPLECTENS
1200, 203 SEXISMIC EVENT #3
1315, . 53 UVIGERINA BATJESI
263 AMMOBACULITES AFF. POLYTHALAMUS
12345, 40 BULIMINA ALAZANENSIS
1375, _ 45 BULIMINA TRIGONALIS
1400. 204 SEISMIC EVENT #4

EGRET K-36 (F) J ; .

. "
Rotary table height: 98.0F

Water depth: 222.0F
bDepth Number Fossil Name
860. . 17 ASTERIGERINA GURICHI
369 CYCLOPSIELLA VIETA
377 DEFLANDREA PHOSPHORITICA
279 b BOMBACACIDITES DA .
283 PINUS
287 PODOCARPIDITES DA -
293 TSUGAEPOLLENITES INGNICULU
1040. 26 UVIGERINA EX.GR.MIOZEA-NUTTALI
1130. ) 478 LINGULODINIUM MACHAEROPHORUM
1340, 15 CERATORULIMINA CONTRARIA
1520. 20 , GYROIDINA GIRARDANA
21 °  GUTTULINA PROBLEMA
18 SPIROPLECTAMMINA CARINATA
71 EPISTOMINA ELEGANS
15 GLOBIGERINA PRAEBULLOIDES

1580, 24 TURRILINA ALSATICA
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EGRET K-36
Depth

1610.
1640.

1940.
2240,

(F)
Number

27
42
202
69
82

OSPREY H-84 (F)

Rotary table height:
Water depth:

Depth

830,

1100.

1190..
1230.

1370.

1460.
1640,

1820.
1910.

2180,
2360,

2450,

2540.

_Number

478
554
565
282
283
293
501
569
17
338
279
18
20
310
15
16
26
181
81
B2
84
147
69
148
90
89
33
187
234
34
2414
52
51

201.0F

Fossil Name .

EPONIDES UMBONATUS
CIBICIDOIDES ALLENI

SEISMIC EVENT #2

NODOSARIA CF. ELEGANTISSIMA
GLOBIGERINA LINAPERTA

85.0F

Fossil Name

LINGULODINIUM MACHAEROPHORUM
SPINIFERITES SCABRATUS
SUMATRADINIUM
OSMUNDACIDITES ‘DA

PINUS ‘
TSUGAEPOLLENITES INGNICULUS

WOPERCULOPINIUM CENTROCARPUM

YSTEMATOPHORA ANCYREA
ASTERIGERINA GURICHI
CHIROPTERIDIUM MESPILANUM
BOMBACACIDITES DA
SPIROPLECTAMMINA CARINATA
GYROIDINA GIRARDANA
AREOSPHAERIDIUM ARCUATUM
GLOBIGERINA PRAEBULLOIDES
CERATOBULIMINA CONTRARIA
UVIGERINA EX.GR.MIOZEA-NUTTALI
CYCLOGYRA INVOLVENS
GLOBIGERINA VENEZUELANA
GLOBIGERINA LINAPERTA
GLOBIGERINA YEGUAENSIS
CATAPSYDRAX AFF. DISSIMILIS
NODOSARIA CF. ELEGANTISSIMA
LOBIGERINATHEKA INDEX
ACARININA DENSA
MOROZOVELLA SPINULOSA
TURBOROTALIA POMEROLI
CIBICIDOIDES TRUNCANUS
TRUNCAROTALITES AFF. ROHRI
MARGINULINA DECORATA
GAUDRYINA SP. 10

ACARININA SOLDADOENSIS
ACARININA PRIMITIVA

ra
0
[



OSPREY H-84
Depth\‘

2630.

EONANZA M-71

-Rotary table height:
Water depth:

Depth
1210.

1240,
1320.
137¢.
1410.
1440,
1480,

1510.

1560,

11600,
1680,
1710.
1760,
1800,
1840,
1960,
2130.
2370,

(F)
Number

162
159
166
50
93
472
1508
593
329
298
" 304
348
403
418
431

(M)

194.0M

Number

10
77
17
26,
18
21
70
16
20
71
25
97
98
34
15
259
260
27
264
263
29"
72
81
261

297

Fossil Name

MOROZOVELLA AEQUA

MOROZOVELLA ARAGONENSIS
MOROZOVELLA SUBBOTINAE

SUBBOTINA PATAGONICA

ACARININA AFF. BROEDERMANNI
LENTINIA WETZELII
PALEOHYSTRICHOPHORA INFUSORIOIDES
WETZELIELLA OVALIS
ADNATOSPHAERIDIUM RETICULENSE
APECTODINIUM HOMCMORPHUM
AREOLIGERA CORCNATA
CORDOSPHAERIDIUM GRACILE ‘
EOCLADOPYXIS PENICULATA (REWORKED)
GLAPHROCYSTA ORDINATA
HYSTRICHOKOLPOMA CINCTUM (REWORKED)

¥

26.8M

~Fossil Name .

UVIGERINA CANARIENSIS

ELPHIDIUM SEP. _
ASTERIGERINA GURICHI ™ ]
UVIGERINA EX.GR.MIOZEA-NUTTALTI
SPIROPLECTAMMINA CARINATA
GUTTULINA PROBLEMA

ALABAMINA SCITULA
CERATOBULIMINA CONTRARIA
GYROIDINA GIRARDANA

EPISTOMINA ELEGANS

COARSE ARENACEOUS SPP.

MAIN SAND MEMBER TOP

MAIN SAND MEMBER BOTTOM
MARGINULINA DECORATA
GLOBIGERINA PRAEBULLOIDES
AMMODISCUS LATUS
HAPLOPHRAGMOIDES KIRKI
EPONIDES UMBONATUS

KARRERIELLA CONVERSA N
AMMOBACULITES AFF. POLYTHALAMUS
CYCLAMMINA AMPLECTENS
CYCLOGYRA DECORATA

GLOBIGERINA VENEZUELANA
HAPLOPHRAGMOIDES WALTERI



BONANZA M-71 {M)

Depth

2885.
3125.

3125,
3285.

3405.

Number
84
94
90
32
85
36
50
159
93
37
56

SOUTH TEMPEST G-88

Rotary table height:
Water depth:

Depth

740.

800.
830,
980.

1065.
1215.
1245.
1245.
1395.

1425,
1455,
1515.
1695.
1725,
1845.

1805.

2005 .

158:2M

Number

228
240
71
16
17
18
20
110
&
26
25
24
15
263
260
264
259
29
261
86
32
82
84
187
68
30
57

Fossil Name

GLOBIGERINA YEGUAENSIS
GLOBIGERINATHEKA KUGLERIT
ACARININA DENSA
AMMOSPHAEROIDINA SP. 1
PSEUDOHASTIGERINA MICRA
PSEUDOHASTIGERINA WILCOXENSIS
SUBBOTINA PATAGONICA
MOROZOVELLA ARAGONENSIS
ACARININA AFF. BROEDERMANNI
ACARININA AFF. PENTACAMERATA
GLOMOSPIRA CORONA

26.8M

Fossil Name

CASSIDULINA TERETIS
ELPHIDIUM CLAVATUM
EPISTOMINA ELEGANS
CERATOBULIMINA CONTRARIA
ASTERIGERINA GURICHI
SPIROPLECTAMMINA CARINATA
GYROIDINA GIRARDANA
GLOBIGERINA BULLOIDES
NEOGLOBOQUADRINA ACOSTAENSIS
UVIGERINA EX.GR.MIOZEA~-NUTTALI
COARSE ARENACEOUS SPP.
TURRILINA ALSATICA
GLOBIGERINA PRAEBULLOIDES

"AMMOBACULITES AFF. POLYTHALAMUS

HAPLOPHRAGMOIDES KIRKI
KARRERIELLA CONVERGSA

AMMODISCUS LATUS

CYCLAMMINA AMPLECTENS
HAPLOPHRAGMOIDES WALTERI
TURRILINA ROBERTSI
AMMOSPHAERQIDINA SP. 1
GLOBIGERINA LINAPERTA
GLOBIGERINA YEGUAENSIS !
CIBICIDOIDES TRUNCANUS
SPIROPLECTAMMINA SPECTABILIS LO
CIBICIDOIDES BLANPIEDI
SPIROCPLECTAMMINA SPECTABILILS Lco



SOUTH TEMPEST G-88

b Depth

2145,

2205.
2265 .

o
L3
%]

48

3

(%]

2535.
2655.

5.

5.

Number

54
151
90
41
85
36
96
194
50
93
37
164
52
56

(M)

299

Fossil Name

SPIROPLECTAMMINA NAVARROANA
BULIMINA BRADBURYI

ACARININA DENSA -
PLECTOFRONDICULARIA AFF. PAUCICOSTATA
PSEUDOHASTIGERINA MICRA
PSEUDOHASTIGERINA WILCOXENSIS
ACARININA INTERMEDIA WILCOXENSIS
PLANOROTALITES CHAPMANI
SUBBOTINA PATAGONICA

ACARININA AFF. BROEDERMANNI
ACARININA AFF. PENTACAMERATA
NUTTALIDES TRUMPYI _ '
ACARININA SOLDADOENSIS
GLOMOSPIRA CORONA



DICTIONARY USSD IN RASC 7O CODE STRATIGRAPHIC SVENTS

KZOGLOBOQUAIRINA PACHYDERNA
SLOBIGERINA APERTURA
GLOBIGERIRA 2SEUDOBESA
GLOBCROTALIA INFLATA
GLOBOROTALIA CRASSAFORMIS
NEOGLOBCQUADRINA ACOSTAERSIS
BLGERINCIDES RUBSR
RBULINA UNIVERSA
URSENXOINA GRACILIS
UVIGEKINA CANARIENSIS:
HONIONELLA PITARRENSE
EHRENBERGINA SERRATA
HAMZAWALR COKCENTRICA °
TEXTULARZR AGGLUTINANS
GLJBIGERINA PRAEBULLOLDES
CERATO3ULIMINA CONTRARIA
ASTERISERINA GURICHI
SPIROPLECTAHEINA CARINATA
GLOBIGERINGIDES SP.
GYRDIDINA GIRARDANA
GUTTULIHA PROBLENA
MKy
TEUNNY R
TURRILINA ALEATICA
COARSE ARENACEQUS 3PP,
UVIGERINA EX.GR.MICTIEA-KUTTALL
EPONIDES UMBOHATUS
CIBICIDSIDES 8F. 3
CYCLANMINA AMPLECTENS
CIBICIDUIDES BLAMPIEDI
PTERCPOD SB. 1
AUKCSPHAERQIDINA EF, .
TURBOROTALIA POMEROLI
HARGINULINA DECORATA
SPTROPLECTAMMINA DENTATA
PSEUDOHASTIGERINA WILCOXZNSIS
ACARININA AFF. PENTACAMERATA
LERTICULIHA SU3ZAPEILLOSA
ALABANIHA WILCOXENSIS
BULIXIKA ALATANENSZS

FLECTOFRCNDICULARIA APF. PAUCICOSTATA

CIBICIDCIDES ALLENI
BULININA MIDWAYERSIS
CIBICIDQIDES ATE, WESTI
EULIMINA TRIGONALIS
TrIXTLITILL

PLANOROERLITES PLANOCONICUS
RNGMALINA 88, 3
OSANGULARIA EXPANSA

Y o O S e L gy et

SUBBOTINA PATAGONICA
ACARININA PRIMITIVA
ACARINIRA SOLDADOEHSIS
UVIGERIRA BATJES]
SPIROPLECTANHINA NAVARRCANA
GAVELINELLA BECCARIIFORMIS
GLOMOSPIRA CCRONA

SPIROPLECTAMMINA SPECTABILIS LCO

SPOKIDES 5P. 8

RLEHAKINA EPIGOKA
PLANOROTALITES COMPRESSUS
SUBBOTINA PSEUDOBULLOIDES
GAVELINELLA DANICA

NODOSARIA CEF. POICENSIS
CASSIDULINA ISLANDICA
LoscIyoDISCLS sp. 1

COLEITES RETICULOSYS
SCAPHOPOD §P. 1
SPIRQPLECTAHKINA SPECTABILLIS LO
HODOSARIA CF. ELEGANTISSIMA
ALABAMINA SCITULA

EPISTOMINA ELEGANS

CYCLOGYRA DECCRATA

EPONIDES §P. 3

- EPOMIDES SP. 3

LENTICULINA ULRTISENSIS
CASSIDULINA §P.
ELFHIDIUVH SPP.

 UVIGERINA PEREGRINA

GLOBIGERINA TRIPARTITA
CYCLAMMINA CANCRLLATA
GLOBIGERINA VENEZUELANA
GLOBIGERINA LINAPERTA
PLANOROTALITES FSEUDOSCITULUS
GLOBIGERINA YEGUAENSIS
PSEUDOBASTIGERINA KICRA

‘TURRILIRA RCBERTSI

BULIMINA AFE. JACRSOMENSIS
SIPHCGENBROIDES ELEGANTA
HOROZOVELLA SPINULOSA
ACARTHINA DENSAN._
PALIOLARIANS

HGROZOVELLA CAUCASICA
KCARININA APE, BROEDERMANK]
GLOBIGERINATHERA KUGLZRI
ARAGONIA VZLASCOENSIS

ACARIKINA INTERMEDIA WILCOLENSIS

YAIK SAND MEMBER 707
MAIN SAND MEMBER BOTTCH

8

8

5

§

1
A

§
4
§

S
il
37
47

5

8
3
0

¢

o

3

L
4

4
1
&

300



EOLIVINA FASTIGIA
GLOBIGERLNA RIVERCA

HROXN KUDSTOWE MEMBER TCP
BROWH MUD3TONE HEMBER BOTTOM
"GULRID SAND MEMBER TCP

GUDRIL SAND HEMBER BCTTON °
LE[F SAND MEMBER TOF

LELF SAND MENBER BOT{G&
CARTWRIGHT FORKATION'TOP
CARTKRIGHT FORMATIGN BOTTCN
VASSICULINA CURVATA
GLOBIGERINA BULLOIDES
PARAROTALIA §F. 1

KARGINULINA BACHEI
GLOEOROTALIA NEMARDIT GROUP
GLOBIGERINQIDES SACCULIFER
GuOBOROTALIA QBESA

ORBULINA SETURALILS
SPHAEROIDINE BULLCIDES
EPISTOMINA SP. 5
SPHAERCIDIRELLA SUBDEHISCENS
GLOBOROTALIA STAKENSIS
GLUBIGERINA NEFENTHES
SPHAERGIDINELLOPSIS SEMINULINA
GLOBIGERINOIDES TRILCBUS
GLOBOQUADRIKA DEHISCRYNS
GLOBOROTALIA "CONTIRUCSA
GLOBIGERINQLDES OBLIQUUS )
GLOBIGERINITA NAPARI%ﬁ{&ij
GLOBCROTALIA PRAEMENARDS
CYCLAMHIRA PLACENTA

STPHOXINA ADVENA

CIBICID0IDES TEWELLUS
GLUBORCTALIA OPINA NANA
LENTICULIKA SB. 3

LENTICULINA Sp. 4

GLOBIGERINA SF. 3D

HELONIS BARLEEANUM
GLOBIGERINOIDES PRIHORDIUS
GLOBIGERINA ANGUSTIUMBILICATA
GLOBORQTALIA OPIMA OPINA
AOTALIATINA BULIMINOIDES
PLANULIHA RENLI .
GYRCIDINA SOLDAKIT MANILLIGERA
UVIGERINA GALLOWAY
GLOBOROTALIA CERROAZULERSIS
ANOMALINDIDES ALLENI
SUBBQTINA EOCAENA

CATAPSYDRAX AFF. DISSIMILIS |
LOBIGERINATHEKA INDEX
GLOSIGEAINATHERA TROFICALIS -~

9%
103
101
102
103
104
105
138
W
1v8
108
10
111
112
113
114
113
116
117
131
113
120
121

14
ke

Y

© 1

115
126
121
128
129
130
131
132
133
134
135
116
117
134
139
2
141
142
143
143
133
146
14]
148
113

GLOBIGERINR GORTANII
BULIXINA BRADBUAYI
CASSIDULINA SUBGLOBOSA
BYLIKINA COOPERENSIS
ANOMALINOIDES MIDWAYENSIS
ANOHALINOIDES GROSSERUGOSA
SUBBOTINA FRONTOSA

TRITAYIA 87, 3

SUBBOTINA INAEQUISPIRA
HOROZOVELLA ARAGONENSIS
ACARININA PSEUDOTORILENSIS
PLAYORGTALITES AUSTRALIFGRKIS
HOROZOVELLA AEQUA
TEXEYTELEY

NUTTALIDES TRUMPY:
HETEROLEEA AFF. MEXICANA
HORGZOVELLA SUBBOTINAE
HOROZOVRLLA FORNOSA GRACILIS
HOROZOVELLA VELACOERSIS
EPISTOMINELLA TAXAYANAGIY
GLOBIGERINA AFF. FALCONENSIS
BUCELLA FRIGIDA
PSEUDDHASTIGERINA §P.
ANOMALINA SP. 1

TITITITTIRITY

ALLOGROMIA 5P,
_QUADRIHORFHINA RFF.ALLOMORFHINCIDES
BOLIVINA DILATATA
GLOBORGTALIA ARCHEOMENARDII
GLOBOROTALIA SCITULA PRAESCITULA
GYRDIDINA §P. 4

CYCLOGYRA THVOLVENS
PLECTOFRONDICULARIA &E. 3
CYCLAMNINA BOTUNDIDORSATA
GYROIDINA CCTOCAMERATA
TRITAXIA SB. 4 .
ACARINTRE RFF. QUETRA
CIBICIDOIDES TRUNCANUS
FLEUROSTOMELLA §P. 1

wKARRERIELLA §B. -2

ANOMALINOIBES ACUTA
GLOBIGERINA ARY. HIGGINSI
KARRERIZLA CONIFORKIS -
rrrrrrseee .
PLAOROTALITES CHAPKAN]
GLOBIGERIKOZDES SUBCONGLOBATUS
OSANGULARIA SP. 4
BULININA CACUMINATA
GLOBIGERINATHERA NEXICANA
BOLIVINA PLORIDANA

trrtredrey

i3
151
152
1%
134
155
13§
157
158
158
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MERGE PROGRAMME
PREPARED BY MARC D'IORIC, JULY 1984
REVISED SEPTEMBER 1984 AND DECEMBER 1987

THE PURPOSE OF THIS PROGRAMME
IS TO MERGE TWO DATA AND DEPTH FILES .
TO PRODUCE INTEGRATED DATA AND DEPTH FILES

DEFINITION OF PARAMETERS:

]

t

1

L

1

]

[}

1

[}

' Al$ : NAME OF FIRST DATA FILE
' A2$ : NAME OF FIRST DEPTH FILE

' A3% : NAME OF SECOND DATA FILE

' A4% : NAME OF SECOND DEPTH FILE

" A5% : NAME OF INTEGRATED DATA FILE

' AGS NAME OF INTEGRATED DEPTH FILE

' NM$() : INTERIM WELL NAME ARRAY

' 81(A,B,C) AND S2(A,B,C): INTERIM DATA MATRIX

' WHERE : A IS THE WELL DIMENSION

' : B REPRESENT THE LEVELS

! C REPRESENT THE EVENTS ON THE B LEVEL
! THE 14TH ELEMENT IS C THE DEPTH OF THAT LEVEL

KEY OFF

CLS

LOCATE 1,1,0 f
DIM S81(8,50,14), $2(8,50,14) ,NMS$(8,3)

' USER INPUT OF FILE NAMES AND SPECIFICATIONS

t

FOR OK= 1 TO 9:PRINT "":NEXT OK n‘

PRINT TAB(35) "**WARNING**":PRINT "

PRINT TAB(lq&,"You1 data files must follow the same seguence
and"

PRINT TAB(20) "the well names must be exactly identical":PRINT
PRINT TAB(12) "On the last line of your dictionary, depth and
data files" )
PRINT TAB{28) "should be the word last !"

FOR QK=1 TO 6&6:PRINT "":NEXT OK:PRINT TAB(25) "hit any Kkey when

ready..."
QO0$=INKEYS$:IF 00s="" GOTO 470 . 4
CLS
PRINT ""
INPUT; "name of the first data file: ";n1s
PRINT "":PRINT ""
INPUT; "name of the first depth file: ";A2s
PRINT "":PRINT ""
INPUT; "name of the second data file: ";A3$
PRINT "":PRINT "

INPUT; "name of the second depth file: ";A4S$
PRINT “":PRINT "
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630
640
650
660
670
680
690
700
710
720
730°
740
750
760
770
780
790
800
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820
830
840
850
860
870
880
890
900
910
920
930
940
950
960

970
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990
1000
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INPUT; "name of the integrated data file: ";aS5$ .

PRINT "":PRINT "" )

INPUT; "name of the integrated depth f£ile: ";A6$

PRINT. "":PRINT "" B
INPUT; "number of data lines after water depth and rotary table

height line? (5 or 7)'";NL

PRINT "":PRINT "" ,

INPUT; "numbeyr of wells in file (max. 8)":NW

CLS

PRINT TAB{110) "Please wait..."

1

' READING IN THE RASC DATA

1 : -
PRINT - :

PRINT; "Reading in the first data file":PRINT

OPEN AlS$ FOR INPUT AS #1:0PEN A3% FOR INPUT AS #2
FOR X1=1 TO NW

LE=0:C0=1

LINE INPUT#1,Z2$:IF Zs="" GOTO 750
IF Zs="last" GOTO 860

LINE INPUT#1,Y¥$:IF Y~="" GOTO 770
FOR AZ=1 TO 20:W=AZ*4-3

TRS$=MID$ (Y$,W,4) : TB=VAL(TBS)

IF TB=-999 GOTO 850

IF TB<(0 THEN CO=CO+1:S1(X1,LE,CO}=ABS{TB)}: :GOTO 840
IF TB=0 GOTOC 840

LE=LE+]1:C0O=1:81(X1,LE,CO)=TB

NEXT AZ:GOT0O 770

NEXT X1 :

PRINT; "Reading in the second data file":PRINT

FOR X1=1 TO NV :

LE=0:C0=1 ;

LINE INPUTE2,Z5:IF.25="" GOTO 890
IF Zs="last" GOTO 1000

LINE INPUT#2,Y$:IF Y$="" GOTO 910

FCR AZ=1 TO 20:W=AZ*4-3
TBS=MID$(Ys,w,4):TB:VAL(;BS)
IF TBE=-999 GOTO 990
IF TB<0 THEN CO=C0+1:52(X1,LE,CO)=ABS(TB):GOTO 930
IF TB=0 GOTO 980
LE=LE+1:C0=1:S2(X1,LE,CO)=TB
NEXT AZ:GOTO 910
NEXT X1
CLOSE:1:CLOSE#2

' READING IN DEPTH FILES

]

OPEN AZ$ FOR INPUT AS #1:0PEN A4S FOR INPUT AS #2
PRINT; "Reading in depth f£iles":PRINT ""

FOR X1=1 TO NW

LINE INPUT#1,D3
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1080 NM$(X1,1)=D$

1090 LINE INPUT#1,D$

1100 NM$(X1,2)=D$

+1110 FOR T=1 TOC NL

1120 LINE INPUT#1,KR$

1130 FOR W=1 TO 13

1140 N=W*6-5 '

1150 QF$=MID${KR$,N,6)

1160 AJ=VAL(QF$) |

1170 IF AJ=0 GOTO 1200

1180 HG=13*{T-1)+W ' -

1190 S1(X1,HG,14)=AJ

1200 NEXT W

1210 NEXT T .

1220 NEXT X1

1230 FOR X1=1 TO NW

1240 LINE INPUT#2,D$

1250 LINE INPUT#2,D$

1260 FOR T=1 TO NL

1270 INPUT#2,KR$

1280 FOR W=1 TO 13 .

1290 N=W*6-5

1300 QF$=MID$(KRS,N,G)

1310 AJ=VAL(QFS$)

1320 IF AJ=0 GOTO 1350

1330 HG=13*(T-1)+W

1340 S2(X1,HG,14)=AJ

1350 NEXT W

1360 NEXT T

1370 NEXT X1

1380 CLOSE #1:CLOSE #2

1390 ' , :

1400 ' COMPILING THE INTEGRATED OUTPUT FILE

1410

1420 PRINT;"Compiling integrated data and depth files®

1430 OPEN A5$ FOR OUTPUT AS #1:0PEN A6$S FOR OUTPUT AS #2

1440 FOR X1=1 TO NW

1450 PRINT#1,NM${X1,1)

1460 PRINTH#2,NM$(X1,1) ,

1470 PRINT#2,NM$(X1,2) !(

1480 v8=0:V9=0

1490 Ll=1:L2=1

1500 D1=S1(X1,L1,14):D2=82(¥X1,L2,14)

1510 IF D1=0 GOTO 1870

1520 IF D2=0 GOTO 1980

1530 IF D1>D2 GOTO 1690

1540 IF D1<D2 GOTO 1780 '

1550 PRINT#1,USING"#%##";51(X1,L1,1)!-82(X1,L2,1);:V8=V8+42:IF V8=19
OR V8=20 THEN PRINT#1,"":Vv8=0

1560 FOR UY=2 TO 13

1570 CO=S1(X1,L1,UY)

£



1580
1590
1600
1610
1620
1630
1640
1650
1660

1670
1680
1690

1700
1710
1720
1730
1740
1750

1760
1770

1780
<

1790
1800
1810
i820
1830
1840

1850
1860
1870

1880
18890
1900
1910
1920
1930

1540
1850
1960
1870
1980

1990
2000

I¥ COo=0 GOTO 1610
PRINT#1,USING"§E8#E"; ~CO; :V8=V8+1:1IF
NEXT UY

FOR UY=2 TO 13

CO=82(¥X1,L2,UY)

IF CO=0 GOTO 1660
PRINT#1,USING"###4";-C0O; :V8=V8+1:1IF
NEXT UY '

PRINT72 ,USING" ###4#4";51(X1,L1,14);:

PRINTHZ ,"":V9=0
Ll1=L1+1:L2=L2+1

GCTO 1500
PRINTH#1 , USING"###4";8L(X1,L1,1);:v8
PRINT#1,"":V8=0

FOR UY=2 TO 13
CO=S1(X1,L1,UY)
IF COo=0 GOTO 1760

PRINT#1,USING"§##4";-CO; :V3=V8+L: LF

NEXT UY

PRINT#2 ,USING"#4#848";51(X1,L1,14);
PRINTz2,"":V9=0

L1=L1+1

GOTO 1500

PRINT#1,USING"#4#8" »S2(X1,L2,1); :V8
PRINT1,"":V8=0

FOR UY=2 TO 13

Co=52(X1,L2,UY)

IF CO=0 GOTO 1850
PRINTH1,USING"#:44": ~CO; :V8=V8+1:IF
NEXT UY ‘
PRINT&2, USING" #8444 ;52 (X1 L2
PRINTZ2,"":y9=0

L2=L2+1

GOTO 1500
PRINTH1,USING"#43%";S2(X1,L2,1); :v8=
PRINT#1,"":V8=0

FOR UY=2 TO 13

CO=S2(X1,L2,UY)

IF CO=0 GOTO 1930
PRINT#1,USING"##44": ~CO; :V8=VB+1:IF
NEXT UY

PRINT#2,USING"#4##= ",52(X1,L2,14);:
PRINT#2,'"":V9=0
L2=L2+1

D2=52(X1,L2,14)
IF b2=0 OR L2=51 GOTC 20980

GOTO 1870
PRINTH#1,USING"# ;ST(¥1,L1,1);:v8
PRINT#1,"":V8= 0

FOR UY=2 TO 13
CO=S1(X1,L1,UY)

310

V8=20 THEN PRINT&],""

V8=20 THEN PRINT#L,""

V9=V9+1:1F V9=13 THEN

=V8+1:IF Vv8=20 THEN

V8=20 THEN PRINT#1,""

:V9=V9+1:IF V9=13 THEN

=V38+1:IF Vv8=20 THEN

V8=20 THEN PRINT#1,""

4};:V9=V9+1:IF V9=13 THEN

V8+L1l:1IF V8= THEHN

Vv8=20 THEN PRINT#L "™

V9=VS+1:IF V9=13 THEHN

=V8+1:IF V8=20 THEN

1V8=0

Vg8=0

V8=

:V8=0

:Veé=0
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2010 IF CO=0 GOTO 2040

2020 PRINT#1,USING"#&4#":-CO;:V8=V8+1:IF V8=20 THEN PRINT&1,"":V8=0

2030 NEXT UY

2040 PRINT#2,USING"#5#548":81(X1,L1,14);:V9=V9+1:IF V9=13 THEN
PRINT#2,"":V9=0 . ‘

2050 L1=L1+1

2060 D1=S1(X1,L1,14)

2070 'IF D1=0 OR L1=51 GOTO 2090

2080 GOTO 1980

2090 PRINT#1,"":PRINT#1,-999

2100 PRINT#2,""

2110 NEXT X1

2120 CLOSE#1:CLOSE#2

2130 KEY ON

2140 CLS

2150 PRINT," ALL DONE..."

2160 BEEP:BEEP



100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
276
280
290
300
310
320
330

340

350
360

370
380
390
400
410
420
430
440
450
460
470
480

490
500
510
520

. 530

540
550
560
570

312

DATALIST PROGRAMME
PREPARED BY MARC D'IORIO, DECEMBER 1986

THE PURPOSE OF THIS PROGRAMME
IS TO PRODUCE COMPREHENSIVE DATA FILES
USING RASC DATA, DEPTH AND DICTIONARY FILES

Als : NAME OF DATA FILE

A2$ : NAME OF DICTIONARY IILE
A33 : NAME OF DEPTH FILE

Ads : NAME OF OUTPUT FILE
As(}. : DICTIONARY NAME MATRIX

f
L]
1
t
1
' DEFINITION OF PARAMETERS:
1
1
'
f
]
1
' DA$() : INTERIM DATA MATRIX

DIM T{20), DR$(13), A$(800)

KEY OFF

CLS _

LOCATE 1,1,0 ‘

! USER INPUT OF FILE NAMES AND SPECIFICATIONS

FOR OK=1 TQ 11:PRINT "":NEXT CK

PRINT TAB(12} "On the last line of your dictionary, depth

and data files"
PRINT TAB(28) "should be the word last "

FOR OK=1 TO 9:PRINT "":NEXT OK:PRINT TAB(28) "hit any key
when ready..."

O05=INKEYs:IF 00s="" GOTO 370

CLS

PRINT "

INPUT; "name of data file: ";Als

PRINT "":PRINT ™"

INPUT; "name of its dictionary: ";A2s

PRINT "":PRINT "".

INPUT; "name of its depth file: ";A3s g
PRINT "":PRINT "" '

INPUT; "name of output file: ";A4ds

PRINT "™:PRINT ""

INPUT; "number of data lines after water depth and rotary
table height 1line? (5 o1 7)";HL

CLS ‘ :

PRINT TAE(110) "Please wait..."

1

' READING IN THE DICTIONARY

I

OPEN A2§ FOR INPUT AS #1

FOR Q=1 TO 800

LINE INPUT#1,A$:IF A$="" GOTO 560
A${Q)=AS *
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580 IF A$="last" OR AS$="LAST" GOTO €00

590 NEXT Q

600 CLOSE#1 )

610 READING IN THE RASCDATA AND CHANGING THE 2014 FORMAT TO
2015

620 OPEN Al$ FOR INPUT AS #1:0PEN Ad4$ FOR QUTPUT AS #3:0PEN

i "tempo"” FOR OUTPUT AS #2 .

G30 PRINT#3,""

640 LINE INPUT#1,2$EIF Z2s="" GOTO G40

G50 PRINT#2,28

660 IF Zg="last" GOTO 750 :

670 LINE INPUTH#1,¥$:IF Y&="" GOTO 670

680 FOR AZ=1 TO 20:W=AZ*4-3

690 TBS=MIDS(YS$,W,4)+" " .

700 IF TB$="-999 " THEN PRINT#2,TB$:KK=0:GO0T0QO 640

710 KK=KK+1

720 IF KK=10 THEN PRINT#2,TB$:KK=0:G0TC 740

730 PRINT#Z,TBS;

740 NEXT AZ:GOTC 670

750 CLQOSE#1:CLOSE#2

760 °

770 ' COMPILATION QF COMPREHENSIVE FILE

780 !

790 OPEN ”tempd" FOR INPUT AS #230PEN A3s% FOR INPUT AS 21

800 CLS:PRINT "Well sequence being compiled:":PRINT ""

810 LINE INPUTH#2,B$:IF Bg$="" GOTO 810
820 LINE INPUT4#1,D$:IF D$="" GOTOQO 820
830° CT=0 :

840 IF Bs$="last" OR B$="LAST" GOTO 1390.

850 PRINT;BS$

860 LINE INPUT#1,J$:IF J$="" GOTO 860

870 Ul$=LEFTs(J$, 1)

880 RT$=MIDS${J$,2,5)

890 WDs=MID$(J%,7,7)

900 !

910 ' VERIFICATION OF WELL NAME MATCH

920 ! - ]

930 IF B$<>D$ THEN PRINT "The well names from the data and
depth files do not match.":BEEP:BEEP:BEEP:END

540 PRINTH3,"":PRINT#3,""

950 PRINT%3,BS ' ‘

960 PRINT#3,"Rotary table height: ";RTS$;Ul$

970 PRINTH3, "Water depth: ";WD$;Uls

580 PRINTH#3,"" .

990 PRINT#3,"Depth", "Number",6" Fossil Name ":PRINT4#3,""

1000 INPUTH2,T:IF T=0 GOTO 1000

1010 IF T=-999 GOTO 1120

1020 LINE INPUT{#1,D%:IF D$="" GOTO 1020

1030 CT=CT+1

1040 FOR JA=1 TO 13:JB=JA*6-5

1050 DA$=MID$(D$,JB,6)
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1060 DAS{JA)=DAS

1070 NEXT JA

1080 KD=1 .

1090 INPUT#2,T2:IF T2=0 GOTOC 1090
1100 IF T2=-999 GOTO 1120

1110 IF T2<0 GOTO 1220

1120 PRINT #3,DAS(KD),T,A$(T)
.1130 KD=KD+1

1140 IF T2<>-999 GOTO 1190

1150 IF CT=NL GOT®/810

1160 LINE INPUT #1,Ds . “\
1170 CT=CT+1 o
1180 GOTo\;iso . 7
1190 T=T2 —

1200 IF KD=14 GOTO 1020 L\\\
1210 GOTO 1090

1220 T(1)=T:T(2)=-T2

1230 FOR N=3 TO 20

1240 INPUT#2,T2:IF T2=0 GOTO 1240
1250 IF T2>0 GOTO 1290 _
1260. IF T2=-999 GOTO 1290
1270/T(N)=~T2

1zqﬁ/3EXT N _

1290 PRINT%3,DA$(KD),T,A$(T)

1300 KD=KD+1

1310 FOR P=2 TO N-1

1320 X=T(P) ,
1330 PRINT3,"",X,A$(X) !
1340 NEXT P

P50 IF T2=-999 GOTO 1150

1360 T=T2

1370 IF XD=14 GOTO 1020

1380 GOTO 1090

1390 CLOSE#2

1400 CLOSE#3

1410 CLOSE#1

1420 ,BEEP:BEEP

1430/cLS

1440 KEY ON

1450 LOCATE 1,1,1

1460 END



100
110
120
130
140
150
160
170
180
190
200

210

220
230
240
250
260
270
280
290
300
310
3za2o
330

340

350
360
370

315

ZONER PROGRAMME ) o
PREPARED 'BY MARC D'IORIO, SEPTEMBER 1987.

THE PURPOSE OF THIS PROGRAMME IS TO USE A SLIGHTLY EDITED
VERSTON OF THE DECORANA QUTPUT TO PRODUCE CORRESPONDENCE
ANALYSIS PLOTS FOR PREVIOUSLY DETERMINED RASC ZONES.

|
t
1
1
[}
' FILE NAMES: -

' J1% : CORRESPONDENCE ANALYSIS ABBREVIATED OQUTPUT
' JZ% : CORRESPONDENCE ANALYSIS FIRST AXIS SCORES
' AS : ZONE FILE

' B$ . ZONE OUTPUT FILE -

L]

1

'

1

DEFINITION OF MATRIX AND ARRAY:
MA() : EVENT NUMBER, FIRST AXIS SCORE AND RELATIVE ORDER
'QRQS$() : CORRESPONDENCE ANALYSIS OUTPUT -

1

KEY QFF

CLS

DIM QQ$(350)

DIM MA(350,3)

1

' INPUT FILE NAMES AND PARAMETERS AND
' PREPARE COMPARISON AND SCORE MATRIX

[} .

INPUT "NUMBER OF EVENTS : ",NU

PRINT: PRINT

INPUT; "NAME OF FILE CONTAINING CORRESPONDENCE ANALYSIS

ouTPUT : ";J1s%

380
390

400
410
420
430
440
450
460
470
480

490
500
510
520
530
. 540
550
560
570

PRINT: PRINT ¥

INPUT; "NAME OF FILE CONTAINING CORRESPONDENCE ANALYSIS
SCCORES : " J28

PRINT: PRINT

INPUT; "NAME OF ZONE FILE : ";AS$

IF Ag="" GOTO 410

CLS

OPEN J23% FOR INPUT AS #1

b

' READ CORRESPONDENCE ANALYSIS SCORES

. .

PRINT:PRINT: PRINT; "READING IN CORRESPONDENCE ANALYSIS
SCORES. . ."

FOR CT=1 TO NU

INPUT#1,AA:IF AA=0 GOTO 500 o
INPUT#1,A2

MA(CT,1)=AA:MA(CT,2)=A2

NEXT CT

CLOSE#1

" READ CORRESPONDENCE ANALYSIS OQUTPUT

1



580 PRINT:PRINT:PRINT;”READING IN CORRESPONDENCE ANALY3IS

OUTPUT.
590 OPEN JlS FOR INPUT AS #1 ' (
600 LINE INPUT#1,LA$:IF LAS="" GOTO 600
610 FOR CT=1 TO NU
620 LINE INPUT#1,Q$:IF Q$="" GOTO 620

630 QQs(CT)=Q$

640 NEXT CT -

650 CLOSE #1

660 '

670 ' READ ZONE FILE

660 )

690 B§=A$+".0UT"

700 OPEN A$ FOR INPUT AS #1
710 FOR QQ=1 TO 350

720 MA(QQ,3)=0

730 NEXT QQ .
740 PRINT:PRINT:PRINT;"PROCESSING ZONE DATA":PRINT:PRINT
750 INPUT%1,P

760 PRINT;P;"EVENTS ARE IN THAT ZONE""

770 FOR TT=1 TO P

780 INPUT#1,AB

79C FOR YY=1 TO NU

800 QR=MA(YY,1)

810 IF QR=AB GOTO 830

820 NEXT YY

83C MA(YY,3)=1

840 NEXT TT

850 CLOSE#1

860

870 ' CREATE OUTPUT FILE

880 ! ‘ |

890 OPEN B$.FOR OUTPUT AS #1

900 PRINT1,LAS$

910 FOR PT=1 TO NU

920 WE=MA(PT, 3)

930 IF WE=0 GOTO 960

940 RT$=QQS(PT)

950 PRINT#%1,RTS

960 NEXT PT

970 CLOSE &1

980 CLS

990 '

1000 ' OPTION TO PROCESS ANOTHER ZONE
1010 ' :
1020 PRINT:PRINT

1030 INPUT;"DO YOU WANT TO PROCESS ANOTHER ZONE? (Y/N):
1040 FOR HG=1 TO 3:PRINT:NEXT HG

1050 IF Cs="" GOTO 1030
1060 IF C$="N" GOTO 1100
1070 INPUT; "NAME OF ZONE FILE? : ";A$




1080
1090
1100
1110
1120
1130

IF As="" GOTO 1080

-GOTC 670

CLS
PRINT:PRINT:PRINT:PRINT, "TH
KEY ON '
END

ANK YOU™

.

317



MCDULES PROGRAMME
PREPARED BY MARC D'IORIO, JUNE 1987

THIS PROGRAMME WAS CREATED BY THE INTEGRATION OF
FOUR ROUTINES THAT FOLLOWED THE TSREG ANALYSIS OF
FREQUENCY DISTRIBUTION.-

DEFINITION OF PARAMETERS: g

M1S : WELL NAME FILE ﬁ/// .
M2S : EXTENTION OF WELL DATA FILE

M3$ : EXTENTIQN OF WELL, OQUTPUT[FILE

M4$ : MASTER OUTPUT FILE (OUTPIT)

M5$ : EVENT ORDER _FILE
M6$ : DIFFERENCE FILE™O
M7$ : STATISTICS FILE (OUTPUT) :
M8$ : STANDARD DEVIATION WEIGHT FILE (OUTPUT)
M9$ : HISTOGRAM COMRRENSIVE DATA FILE (OUTPUT)
NOS : HISTOGRAM RAWZHATA FILE (OUTPUT)

DCS : DICTIONARY FILE NAME :

LD : LENGTH OF DICTIONARY

Y : NUMBER OF WELLS ‘

MO : NUMBER OF EVENTS IN THE OPTIMUM SEQUENCE

o)

- w e m o m a m e W m m e e o e e = o = o

DEFINITION OF COMMON MATRICES:

As() : WELL NAME ARRAY
AA{) : EQUIVALENT OF MASTER OUTPUT FILE
' DC$() : DICTIONARY NAME ARRAY
CLS
KEY QFF
DIM DC$(600), AA(1000,3), ‘As(40)

PRINT :PRINT

PRINT:PRINT

INPUT "Well name file “;M1$

PRINT:PRINT

INPUT "Filename extention of data files";M2%
PRINT:PRINT

INPUT "Filename extention of output files";M3¢
PRINT:PRINT

INPUT "Order file';M5%

MES=M53+", "+M2 3

PRINT:PRINT

INPUT "Name of dictionary";DC$

PRINT:PRINT

INPUT "Length of dictionary" ;LD

PRINT:PRINT

INPUT "Number of wells";VY

PRINT:PRINT ‘

INPUT "Number of events'";MQ-

CLS

' READING IN THE DICTIONARY

318
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-

620 PRINT:PRINT,"READING IN THE DICTIONARY"
630 OPEN DC§ FOR INPUT AS #1

640 FOR YI=1 TO LD

¢50 LINE INPUT#1,UVS:IF UV$="" GOTO 650

G60 DC${YI)=UV$ -

670 NEXT YI ‘

680 CLOSE#1

690
700 !
710

COMPILING OUTPUT FILES

720 PRINT:PRINT, "COMPILING OUTPUT FILES..."
730 OPEN M1$ FOR INPUT AS #1

740 FOR C=1'TO V-«
750 LINE INP&

760 A3{C)=AS"
770 NEXT C

T #1,AS$
7

180 CLOSE #1
"790 PRINT, "CALCULATING DIFFERENCES..."
1

200
glo !
g2’

DATA INPUT; ALL WELL DATA AND OUTPUT FILES ARE OPENED

830 M4$S="MSTROL"+"."+M2§

840 OPEN M4§% FOR OUTPUT A3 ¥3

850 KT=0

360 FOR CT=1 TO Y

. 870 AA$=A$(CT)

880 BB$=AAS+"."+M3$

890 AAS=AAS+"."+M2§ _

900 OPEN AA$ FOR INPUT AS #1:0PEN BB$ FOR INPUT AS #2 .

910 °
920 !
930 !
940 !
50 !
960 !

VALUES IN THE WELL INPUT FILES (#1) REPRESENT THE
OBSERVED VALUES; VALUES IN THE WELL OUTPUT FILES (£2)
REPRESENT THE EXPECTED VALUES. cﬂ\
OBSERVED MINUS EXPECTED VALUES CALCULATED :

970 FOR T=1 TO 10
980 LINE INPUT #2,ASs
990 NEXT T

1000
1010
1020
L030
1040
1050
1060
1070
1080
1090
1100

1110

LINE INPUT %1,LL$

INPUT #1,AA

FOR QQ=1 TO AA

INPUT #2,Y1,Y2

INPUT #1,X1,X2,X3,X4 .
X1=ABS(X1)
PRINT%3,X1,X3,Y2,CT
KT=KT+1
AA(KT,1)=X1.

AA(KT, 2)=X3-Y2
AA(KT,3)=CT

NEXT QQ

N\



1120
1130
1140
1150
1160
1170
1180
1190

1200

1210

-1220

1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450

1460

1470
1480
1450
1500
1510
1520
1530
1540
1550
1560
1570
1580

1590
1600
1610

CLOSE #1

CLOSE &2

NEXT CT

PRINT#3,'"-999"

CLOSE#3

PRINT, "ORDERING DIFFERENCE FILE..."
1

' DIFFERENCE FILE ORDERED USING RASC RANKING

1

M6$="DIFFOl."+M25 .
OPEN M5% FOR INPUT AS #2:0PEN MG6$ FOR OUTPUT AS 43

FOR MC=1 TO MO S
INPUT#2,RV:IF RV=0 GOTO 1230 ~

FOR Q=1 TO KT ‘ -%
V=AA(Q,1) ' .

IF V<>RV GOTO 1280
PRINT#3,RV,AA(Q,2),AA(Q,3)

NEXT Q

PRINT#3,-999

NEXT MC

PRINT.3, 8888

CLOSE#2

CLOSE#3 '

PRINT, "CALCULATING VARIANCES AND CREATING" -
PRINT,"THE STANDARD DEVIATION WEIGHTS FILES..."
]

CALCULATING THE MEAN, THE STANDARD DEVIATION, THE
VARIANCE AND THE S$2 VALUE OF THE DIFFERENCES IN OBSERVED
AND EXPECTED POSITIONS. A STANDARD DEVIATION WEIGHT
FILE IS CREATED FOR USE IN THE STUDY OF FREQUENCY
DISTRIBUTION.

s

N
DEFINITION Of PARAMETERS
N : NUMBER OF EVENTS -~

1

1

'

1

1

' AV : MEAN
!

' VR : UNBIASED VARIANCE BASED ON CALCULATED MEAN

' VC : UNBIASED VARIANCE BASED ON ZERO MEAN

' FI : 5UM OF DEGREES OF FREEDOM

' FS : SUM OF THE PRODUCT OF THE DEGREE OF FREEDOM TIMES
' VARIANCE (UNBIASED VARIANCE BASED ON ZERO MEAN)
''82 : S SQUARED VALUE (FS/FI)

DIM VAR(30)

N=0:D=0:FI=0:F5=0

M7$="DATAROL."+M2§

MB$="SDW."+M25 .

OPEN M6% FOR INPUT AS #1:0PEN M7% FOR OUTPUT AS #2:0PEN
M3s FOR OUTPUT AS #3

INPUT&1,A:IF A=0 GOTO 1570

IF A=8888 THEN A=-999:PRINT #42,A; PRINT#J,A GOTO 1870
IF N=0 THEN PRINT #2,A; :PRINTHZ,A



1620 IF A=-999 GOTO 1660
1630 INPUT#1,B,29 ~

1640
1650
1660
1670
1680
1690
1700
1710
1320
1730
1740
1750
1760
L1770
1780
1790
1800
1810
1820
1830
1340
1850
1860
1870
1880
1890
1900
1910
1920

1930

1940
1950
1960
1970
1980
1990

2000
2010
2020
2030
2040
2050
2060
207¢

20807 IF B<=-1.

D=D+B
N=N+1
VAR{N)=B
GOTO 1570
AV=D/N

PRINT#2,AV;

D=0

FOR A=1 TO N
VR=VR+(VAR({A)*VAR(A) ~AV*AV)

VC=VC+ (VA
NEXT A

VR=VR/ (N~
ve=Vve/ (N-
FI=FI+N-1

R{A)*VAR(A})

1)
1)

FS=F5+( (N~1)*VC)

SD=SQR(VC
'SD=SD*100
PRINT#2,N

) ' '
00

.
’

PRINT#2,VR;-
PRINT#2,VC;

PRINTiaff"
PRINT#3,S

D

VR=0:VC=0
N=0

GOTO 1570
52=FS/FI
CLOSE#1-
CLOSE#2
CLOSE#3

1

! bREPARING THE DATA FOR THE HISTOGRAM PROGRAMME

PRINT, "PREPARING THE HISTOGRAM DATA..."

MO§="HISTO1l."+M2§
NO$="HIST"+M2%+".RUN"

OPEN MG6$ FOR INPUE AS #1:0PEN M9S FOR OUTPUT AS

NOS FOR OUTPUT AS %3

DIM A{33)
FOR 20=1

INPUT#1,A,B,C

EVENTS

[}
IF B<=-1.
. IF B<=-1

209Q¢ IF B<=-1.

2100
2110

IF Bg==1,
IF B¢=-1

TO MO

I

ARE PLACED IN THE APPROPRIATE RANGE

5 THEN A(2)=A(2)+1:G0T0 2360
.4 THEN A(3)=A(3)+1:GOTO 2360
3 THEN A{4)=A(4)+1:GO0TO 2360
2 THEN A(5)=A({5)+1:GOTO 2360
1 THEN A{6)}=A(6}+1:GOTO 2360

N

THEN A{7)=A(7)+1:G0TQC 2360

321

e

#2:0PEN

W/



2120
2130
2140
2150

2160.

2170
2180
2150
2200
2210

2220

2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2420
2440
2450
2460
2470
2489
2490
2500
2510
2520
2530
2540

~21550
2560
2570
2580
2590
2600
2610
2620

]
IF B<=~.9 THEN A(8)=A(8)+1:G0TO 2360
IF B<=-.8 THEN A(9)=A(9)+1:GOTO 2360
IF B<=-.7 THEN A{10)=A(10)+1:GOTO 2360
IF B<=-.6 THEN A(11)=A(11)+1:GOTO 2360
IF B<=-.5 THEN A(12)=A(12)+1:GOTO 2360
IF B<=-.4 THEN A(13)=A{13)+1:GOTO 2360
IF B<=-.3 THEN A(14)=A(14)+1:GOTO 2360
IF B<=-.2 THEN A(15)=A(15)+1:GOTO 2360
IF B<=-.1 THEN A(16)=A(16)+1:GOTO 2360
IF B<=0 THEN A(17)=A(17)+1:GOTO 2360
IF B<.1l THEN A(18)=A(18)+1:GOTO 2360
IF B<.2 THEN A{19)=A{19)}+1:GOTO 2360
IF B<.3 THEN A{20)=A(20)+1:GOTO 2360
IF B<.4 THEN A(21)=A(21)+1:GOTO 2360
IF B<.5 THEN A(22)}=A{22)+1:GOTO 2360
IF B<.6 THEN A{23)=A(23)+1:GOTO 2360
IF B<.7 THEN A(24)=A(24)+1:GOTO 2360
IF B<.8 THEN A{25)=A(25)+1:G0OTO 2360
IF B<.9 THEN A(26)=A(26)+1:GOTO 2360
IF B<1 THEN A(*?)— (27)+1: GOTO 2360
IF B<l.1 THEN A(28)=A{28)+1:GOTO 2360
IF B<1.2 THEN A(29)=A(29)+1:GOT0 2360
IF B<1.3 THEN A(30)=A(30)+1:GOTO 2360
IF B<1l.4 THEN A{31)=A(31)+1:GOTO 2360
IF B<1.5 THEN A{32)=A(32)+1:GOTO 2360

A(33)=A{33)+1

INPUT=1
IF C=

' COMPREHENSIVE AND RAW DATA FILES ARE PREPARED

t

2420

(C:IF .C=0 GOTO 2360 .
-999 GOTO

GOTO 2040

5
4
3
2
1
0
9
g
7
6
5

)

INPUT #1,E,C2:
PRINT:d, DC$(
PRINT#3,DC$(A)
PRINT#2,""
PRINT#2,"
PRINT#2,"—1.
PRINT#2,"-1.
PRINTHL, “1.
PRINT#2,"-1.
PRINT#2,"~1.
PRINT#2,
PRINTpn,' 0
PRINT#2,"-0
PRINT#2, —O.
PRINT#2,"-0.
PRINTwZ -0.
PRINT#2,"-0
PRINTwZ "-0
PRINT#2,"~0
PRINT»L, '-0.

Hmw.bmm-qoo\oo;-awu‘:am

4

";A(2)
";A(3)
";A(4)
";A(5)
";A(6)
"SA(T)
";RA(8)
";A(9)
";A(Ll0)
";A(11)
"oA(IR
TR(13]
";A(14)
";A{15)
";A(16)
";A(17)

-

)
J/
o
AN ,,;_,—--—’\\
\ 4
\U//



2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
" 2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2930
2990
3000
3010
3020
3030

3040
3050
3060
3070

3080
3090
3100
3110

323

PRINT#2," 0.0 - 0.1 ";A(18)
PRINT#2," 0.1 - 0.2 ";A{19)
PRINT#2," 0.2 - 0.3 ";A(20)
PRINT#2," 0.3 - 0.4 ";A(21)
PRINT&2," 0.4 - 0.5 ";A(22)
PRINT#2," 9.5 - 0.6 ";A(23)
PRINT#2," 0.6 - 0.7 ";A(24).
PRINT42," 0.7 - 0.8 ";A(25)
PRINT#2," 0.8 - 0.9 ";A{26)
PRINT4#2," 0.9 = 1.0 ";A(27)
PRINT#2," 1.0 - 1.1 ";A(28)
PRINT#2," 1.1 -~ 1.2 ";A(29)
PRINT#2," 1.2 - 1.3 ";A{30)
PRINT#2," 1.3 - 1.4 ";A{31)
PRINT£2," 1.4 ~ 1.5 ";A(32)
PRINT#2," > 1.5 ";A(33)

PRINT#3,A(2)
FOR PP=2 TO 16

V=A(2¥PP)+A(2*PP~1)

PRINT#3,V
NEXT PP
PRINT#3,A(33)
FOR QQ=1 TO 33
A(QQ)=0

NEXT QQ

NEXT %0
CLOSE#1
CLOSE#2

|
t
]
1
1
'
L]
1
]
1
1

IN DEPTH, STATISTICAL ANALYSIS

MANY ARRAYS AND MATRICES ARE REQUIRED BECAUSE OF THE
MULTI-STEP PROCESSING REQUIRED FOR CALCULATING
SKEWNESS, KURTOSIS, S2 AND CHI SQUARE

DEFINITION OF ARRAYS AND MATRICES:

ST{) : STATISTICS USING CALCULATED MEAN
SI() : DEGREE OF FREEDOM

FM() : VARIANCES DIVIDED BY S2

FL() : DEGREE OF FREEDOM TIMES FM

DIM ST(99,5), FI(99), VC(99), SI(99), FL(99), FM(99),
WAR(99)

FJ=0:FK=0:HH=0:D=0:N=0

N1$="STATTOT."+M23

OPEN M6$ FOR INPUT AS #1:0PEN N1$ FOR OUTPUT AS &2
GB$="EVENT MEAN FREQ VARIANCE - SKEWNESS
KURTOSIS" ¢

PRINT®2,"STATISTICS BASED ON A MEAN OF ZERO"-:PRINTH2,""
PRINT#2,GBS:PRINT#2,"" '
HH=HH+1

INPUTH#1,A:IF A=0 GOTO 3090



3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540,
3550
560
3570
3580
3590
3600
3610

IF N=0 THEN PRINT #2,A;:ST(HH,1)=A
IF A=8888 GOTO 3580
IF A=-999 GOTO 3180
INPUTE1,B,GQ

D=D+B

N=N+1

WAR(N)=B

GOTO 3090

AV=D/N

ST(HH, 2)=AV
PRINT#2,"0.00";

D=0

FOR A=1 TO N
VC=VC+(WAR(A) *WAR(A))
VZ=VZ+({WAR(A)*WAR(A)-(AV*AV) )
NEXT A

VC¢=VC/(N-1)
VZ=vzZ/(N-1)
ST(HH,3)=V2
SI(HH)=N-1

XX=ABS(VC)

XZ=ABS(VZ)

SD=SQR{XX)

SZ=SQR(XZ)

FI=FJ+{{1l/(N-1)})-(1/F1))

FM(HH)=VC/S2
FL(HH)=(N-1}*{LOG({VC/S2))
FK=FK+( (N~1)*(LOG(VC/S52}))
FOR A=l TO N

EM=EM+ (WAR{A)"3)/(SD"3)
EZ=EZ+( (WAR(A)-AV)"3)/(S2"3)
KU=KU+ (WAR{A)"4)/(SD"4)
KZ=KZ+( (WAR(A)-AV) 4} /(SZ2°4)
NEXT A
F1=N/{(N-1)*(N-2)} B
F2=N*(N+1)/((N-1)*(N=2)*{N-3))
F3=3*{N-1)*(N-1}/((N-2)*(N-3}))

SK=EM*F1 :
SZ=EZ*F1

KR=F2*KU-F3

KZ=F2*KZ-F3

ST({HH,4)=52

ST(HH,5)=KZ

PRINT#2,N;VC;SK; KR
EM=0:KU=0:SK=0:KR=0:E2=0:KZ=0:52=0
VC=0:5D=0:VZ=0:52=0

N=0

GOTO 3080

PRINT2,"" :PRINT#2," . PA"
PRINT#2,"STATISTICS BASED ON THE CALCULATED
MEAN" : PRINT#2 ,""



3620
3630
3640
3650
3660
3670
JeB0O
2690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
33820
3330
3540
3850
3860
2870
3880
3890
3900

325

GC$="EVENT MEAN VARIANCE SKEWNESS KURTOSIS"
PRINT#2,GCS

IOR LK=1 TO MO )
PRINT#2,S8T(LK,1);ST(LK,2);ST(LK,3);ST(LK,4);ST(LK,5)
NEXT LK

'PRINT#2,"The value S2 {(basefl on a mean of 0) is:";S2

C=1+FJ/(3*(MO-1))

KI=-FK/C

PRINT#2,".pa" .

PRINT#2, "EVERT . DEGREES OF "
PRINT#2, "NUMBER FREEDOM "

FOR ZX=1 TO MO
QW=-FL({ZX)/C
PRINT#2,ST(2X,1),SI(ZX),FM{ZX),QW

NEXT ZX

PRINTE2,": 7242, ,""

PRINT#2,"The value of ¢ is: ";cC

PRINT#2,"The value of the sum of Fi*LN{(Si2/S2) is: ";FX
PRINT42,"The chi squared value is: ":KI

PRINT, "The value of ¢ is: ";cC

PRINT,"The value of the sum of Fi*LN(S8i2/s82) is: ";FK
PRINT, "The chi squared value is: ";KI

CLCSE#1L

CLOSE#2

KEY ON

CLS:BEEP:BEEP\

FOR HV=1 TO 3 A\PRINT:NEXT HV

PRINT "ALL DON?”

END

-"’



100 ' GRAPHTOT PROGRAMME

110 ' PREPARED BY MARC D'IORIO, JULY 1987

120 ,

130 ' THIS PROGRAMME PLOTS THE FREQUENCY DISTRIBUTION OF EVENTS
140 ' FROM TSREG2 RESULTS. THE, MODULES OUTPUT FILES ARE USED AS
150 ' INPUT.

160 ' FILE NAMES AND SPECIFICATIONS:

170 ' H1$ : DICTIONARY FILE

180 ' H2$ : DIFFERENCE FILE

190 ' H3$ : STATISTICS FILE

200 ' H4$ : HISTOGRAM DATA FILE

210 ' H5 : LENGTH OF DICTIONARY

220 ' H6 : NUMBER' OF EVENTS IN OPTIMUM SEQUENCE

230 !

240 ' INPUT PARAﬁATERs

250 ' Y1$ : SAVING PICTURE FILE

260 ' Y25 : PREFIX OF PICTURE FILE NAME

270 ' Y35 : PRINTING PICTURE FILE

280 ' Y4S : PAUSING BETWEEN PICTURES

290 ' Y5% : STARRTING AT BEGINNING

300 ' Y6 : EVENT NUMBER AT WHICH TO START

310 ' .

320 ' DEFINITION OF COMMON MATRICES AND ARRAYS:

330 ' DCS$() : DICTIONARY NAME ARRAY

340 ' LG$() : STATISTICS ARRAY

350 ' ST({) : DIFFERENCES, EVENT AND WELL NUMBER MATRIX

360 ' HM() : HISTOGRAM DATA MATRIX . . .

370 -
380 KEY OFF .

390 CLS

400 PRINT,"Most of the files used by this programme are created
by the MODULES programme”

410 PRINT, these files must be upedited"

420 PRINT," except for DATAO1 that must be in tide standard
legible format"

430 PRINT:PRINT:PRINT
!

440

450 ' USER FILENAME AND SPECIFICATION INPUT

460 ! . |

470 INPUT "Name of dictionary file {e.g. fdsf2.dic): "iH1S
480 INPUT "Name of difference file (e.g. diffo0l): "oH2S
490 INPUT "Name of statistics file {e.g. dataOl}: ©omaHLE
500 INPUT "Name of histogram data file {e.g. hist.run): ";H43%
510 INPUT "Length of the dictionary: ";HS

520 INPUT "Numbel of events remaining: ";H6é

530 CLS

540 PRINT,"Do you want to save the p1ctu1e fFiles? (Y/H}"
550 Y1$=INPUTS(1)
560 IF Y1ls="n" OR Y1s$="N" GOTO 599
. 570 IF Yls<>"y" AND Y1s$<>"¥Y" GOTO 540
580 INPUT " Prefix of picture filé name (% char.



590,
200

610

620
630
640
G50
G660
670
80
59
700
710
120
730
740
750
760
770
780
790
300
810
820
830
840
850
860
B70
880
890
Q00
910
920
930
940
950
960
970
980
990

1000

1010
1020
1030
1040
1050
1060
1070
1080

max)";¥2s$ -
PRINT, "Do you want the. picture printed? (Y/N}"
Y3$=INPUTS(1)

IF Y3¢="n" OR ¥Y3&="N" GOTO 640
IF ¥3$="y" OR Y3s5="¥" GOTO 640
GOTO 590

%

PRINT,"Do you want Qo pause between each picture? {Y/N)'

Y4 $=INPUTS(1)

IF 74s5="y" OR Y4$="Y" GOTO 680

IF Y4s="n" OR Y¥Y4%="N" GOTO 680

PRINT,"Do you want to start at the beginning? (Y/N}"

O ¥Y5$=INPUTS({1)

IF Y5§="y" OR Y5%="Y" GOTO 730

IF ¥Y5§<>"n" AND Y53<>"N" GOTO 680

INPUT " : Event number at which to start";¥6
CLS : ’
LOCATE 1,1

PRINT, "Thank you.“:PRIN%:PRINT:PRINT
PRINT, "Reading in the dictionary"
]

" READING IN THE DICTIONARY (EVENT NUMBER ABSENT)
1

DIM DCs({600), ST{(2000,3}, HM(HG,}?), LG$({H6+3}
OPEN H1§ FOR INPUT AS #1 )

FOR YY=1 TO HS

INPUT #1,A$:IF As="" GOTO 830

DCS(YY)=AS

NEXT YY

CLOSE #1

OPEN H3$ FOR INPUT AS #

PRINT, "Reading in the statistics file"

327

* READING IN THE STATISTICS F}LE (FORMATTED MODULES OuUTPUT)

, :
FOR 09=1 TO HG+2 % K
LINE INPUT#1,Q06$:IF Q68="" GOTO 930
LG${09)=Q6%

NEXT 09

CLOSE#1

OPEN H2$ FOR INPUT AS #1:0FEN H4$ FOR INPUT AS #2
PRINT,"Reading in the histogram data"

- . '
' READING IN THE HISTOGRAM DATA (MODULES OUTPUT)
FOR H9=1 TO H6
LINE INPUT #2,H9S:IF H9$="" GOTO 1030
FOR H8=1 TO 17
INPUT#2, L9 ,
HM(H9,H8)=L9*15 .
NEXT HS8
NEXT H9



1090
1100
1110
1120
1130
"1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
J1260
1270
1280
1290
1300
1310 !
1320 FOR I=1 TO 43
1330 Cus
1340 ' ‘
1350 ' PLOTTING
350 ‘
370 §LOCATE (2, 4 : PRINT 3
1380 LOCATE\2,12:PRINT
obhserved\event posi
LOCATE 3,21:PRINT
LOCATE 4,4:PRINT 2
LOCATE 6&,4:PRINT 1
LOCATE 8, 1:PRINT "
LOCATE 8,67 :PRINT
LOCATE 9,4:PRINT
LOCATE 11,4:PRINT
LOCATE 13,1:PRINT,
PRINT,LGS(I+2)
LOCATE 13,4 :PRINT
LINE (50,16)-(50,2
1500 LINE (50,116)-(5h25
1510 FOR sS=1 TO 7
1520 ¥=-4430*83
1530 LINE (45, Y)—(55 Y)
1540 NEXT S
1550 FOR UU=1 TO 23
1560 X8=45+20*UU
1570 LINE 1X8,114)-(X8,
1580 NEXT

CLOSE#2
sT=1:T7T=0

PRINT, "Preparing
[}

' READING IN THE
THE ASSOCIATED
o-'\_"_/‘

FOR C1=1 TO 2000
INPUT#1,A:IF A=0
IF A=-999 GOTO 125
IF A=8888 GOTO 127

INPUT#1,B,C
B=INT(B*30)
ST{Cl+1,1)=A:8T(C1
TT=TT+1

GOTO 1260

ST(sT, 1)
NEXT C1
CT=1:BC=1
SCREEN 100
T

W

1

1

GRAPHICS MODE IN

t

1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
14390

=TT:ST=C1+1:TT=0

the 'differencefvs wells' data"

(OBSERVED MINUS EXPECTED) DIFFERENCES AND

+

ELL NUMBERS

GOTO 1170

0
0

+1,2)=B:8ST(Cl+1,3)=C

VOKED

"DIFFERENCES VERSUS WELL NUMBERS"

"Difference between expected and
tion"
"for wells ordered from North to South"

North"
"South"
1

-2

LGS (1)

-3

11)
,1186)

118)



1590
1600
1610
1620
1630
1640
1650
1660
1670

1680

1690
1700
1710
1720
1730
1740
1750
1760
1770
1730
1790
1300
1810

1320
1830
1840
1850
1860
1870
1880
1890
1500
1910
1920
1430
1940
1950
1960
1970
1980
1990
2000
2010
2020
=030
2040
2050
2060
2070
2080

© 329

NM=ST (BC, 1}

FOR EE=1 TO NM

VL=BC+EE

A=ST(VL, 1)

IF EE>1 GOTO 1690

LOCATE 1,15

PRINT "EVENT NUMBER";A;":";DCS{A) :

' PLOTTING HISTOGRAM OF THE DISTRIBUTION OF DIFFERENCES
B=ST(VL,2):C=8T{VL, 3)

X1=37+20*C:X2=53+20*%C:¥=116-B

LINE (X1,116)-(X1l,Y) '

LINE (X1,¥)-(X2,Y)

LINE {(X2,¥)-{X2,116)

NEXT--EE '

BC=BC+NM+1

LOCATE 16,27 :PRINT "Histogram of distribution"

LOCATE 16,4:PRINT
LOCATE 18,4 :PRINT
LOCATE 20,4:PRINT
LOCATE 22,4:PRINT
LOCATE 25,1:PRINT " -1.5 -1.1 -.7 -. (814
.3 7 e 1.1 1.5+ - " \

LINE (50,232)-(50,372)

LINE (50,372)-(570,372)

FOR JA=1 TO 9

Y=JA*15+222

LINE (48,Y)-{52,Y) . <\

Mo O 0

NEXT JA
FOR R1=1 TO 16
X=R1%*27+50

LINE (X,372)-(X,375) ,
NEXT R1

FOR $7=1 TO 17

WQ=HM(I,S7)

IF WQ=0 GOTO 2000
¥=372-WQ

X1=23+87*%27:X2=50+87*%27

LINE (X1,372)-(X1,Y)

LINE (X1,Y)-(X2,Y)

LINE (X2,Y)-(X2,372).

NEXT §7

1

' SAVING AND/OR PLOTTING PICTURE FILE AS SPECIFIED BY USER
]

IF Y5%<>"n" AND Y5$<>"N" GOTO 2070

IF Y6=A THEN Y5$="Y":GOTQ 2070

GOTO 2170

IF Y1$<>"y" AND Y1$<>"Y" GOTO 2120

2$=STR$ (I)



2090
2100
2110
2120
2130
2140
2150
. 2160
2170
2180
2190

XX$=Y28+28+" . pic”

DEF . SEG=&HB80O

BSAVE XX$,0,32767

IF Y3s<>"y" AND Y35<>"Y" GOTO 2150
LCOQPY

FOR ¥XS3=1 TO 12:LPRINT,"":NEXT XS
IF Y4$="N" OR Y4s="n" GOTO 2170
Q$=INKEY$:IF Qs="" GOTO 2120
NEXT I
SCREEN O
END

s

@
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THE FOLLOWING SUBROUTINES WERE, MODIFIED FOR THE RASC OPEN FILE
FOR THE FREQUENCY DISTRIBUTION STUDY AND STANDARD DEVIATION

WEIGHTS ITERATXONS. ¢
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. MAIN.FOR FORTRAN ROUTINE
PROGRAM RASC

RRRB A SSS cce PPPP cec
R /R A A s s ¢ ¢ P P C . C
R A A 'S C P P C
RRR AARAA SSS C ===== PPPP C
R R A A .8 ¢ P C
/ R R A A S8 s§5 ¢ ¢ P ¢ cC
R R A A

§SS cee P cee.
F.P. AGTERBERG AND L.D. NEL
JANUARY 1981 : N\

WITH LATER REVISIONS BY
F.P. AGTERBERG, S.N. LEW, AND M. HELLER

EURTHER REVISIONS BY
GILLDAT: DATA ANALYSIS CONSULTING
REVISED MAY 1987 TOQ INCLUDE
STANDARD DEVIATION WEIGHTS DERIVED FROM TSREG

: _ y
GEOLOGICAL SURVEY OF CANADA {/
601 BOQTH STREET 4
. OTTAWA, ONTARIO
K1A 0OES8

Ty CROWN COPYRIGHT RESERVED

PROGRAM RASC IS A REVISED VERSION OF THE
PROGRAMS SEQONE AND SEQTWO PRESENTED DURING
THE IGCP PROJECT 148 WORKSHOPS IN DARTMOUYH, N.S.,
AUGUST 1979, AND OTTAWA, FEBRUARY 1980.

THE JANUARY 1981 RASC PROGRAM WAS PUBLISHED
IN 1982 IN "COMPUTERS AND GEOSCIENCES", VOL.®&
,NO.lf‘P@\ﬁ%:QO, AND VOL.8, NO.1l, PP.163-189.

A REVISED VERSION OF IT WAS PUBLISHEL IN
APRIL 1983 AS GEOLOGICAL SURVEY OF CANADA,



o0

oo nm

NS
IOCR

I

INIQ

ITER

CRITL -

TOL
5(J, 1} 7

AAA -

v

CRITZ

K%CORD NO. 1 RUN PARBMETERS {FREE FORMAT)

OPEN FILE NO. 922, WITH A 54-PAGE USER'S MANUAL
BY M, HELLER, W.S3. GRADSTEIN, F.M. GRADSTEIN,
AND F.P. AGTERBERG. :

THIS OPEN FILE RASC PROGRAM WAS AGAIN
MODIFIED EBEFORE PRESENTATIONS DURING THE IGCP
PROJECT 148 SHORT COURSE IN DARTMOUTH, N.S.,
QCTOBER 1983, IT SERVED AS A BASIS OF THE FORTRAN
IV PROUOGRAM RASC-C FOR .PREPARATION-SF CASC INPUT.

(SEE OPEN FILE NO. 1179, SEPTEMBER 1985)

THE PRESENT VERSION, WHICH ACCOMPANIES A NEW
RASC USER'S MANUAL, CONTAINF FURTHER REVISIONS
BY S.N. LEW AND CCMPLIES WITH THE ANSI FORTRAN 77
STANDARD.

NOTE: THE FINAL OCCURANCE TABLE AND STEP MODEL

TABLE, {OUTPUT OPTION 9, SEE BELOW) DO NOT
PROPERLY LIST DICTIONARY NAMES OF EVENTS.
THIS IS PROBABLY DUE TO MEMORY CONFLICTS IN
THE COMPILED CODE WHICH MAY RESULT FROM

- CONFLICTING ARRAY DIMENSIONS BETWEEN PROGRAM
UNITS OR NON-STANDARD FORTRAN CODE.C®ey TN

f

PROGRAM INPUTS

——

(INTEGER) NUMBER OR SEQUENCES OR WELLS (NS <= 24)
(INTEGER) ELEMENTS OCCURRING FEWER THAN "IOCR" TIMES IN

THE DATA SET WILL BE IGNORED

(INTEGER) = 1, IF UNIQUE EVENTS OR MARKER HORIZONS ARE

~ INCLUDED (RECORDS 3 AND 4)

INTEGER} MAXIMUM NUMBER OF CUMULATIVE ORDER MATRIX

TRANSFORMATIONS ALLOWED (EXAMPLE: 12000)

{REAL) TRANSPOSE ELEMENTS WITH SUM LESS THAN "CRITL"
IN THE ORDER MATRIX WILL BE ZEROED BEFORE
THE RANKING ROLUTION. (CRIT1 <= IOQOCR)

{REAL) TOLERANCE: S({I,J) MAY BE LOWER THAN

BY AS MUCH AS "TOL" ~

{ REAL) FRACTILE FOR TRUNCATION POINT OF NORMAL
DISTRIBUTION. (EXAMPLE: AAA = 1.645)

-- {REAL) TRANSPOSE ELEMENTS WITH SUM LESS THAN "CRIT2"

~IN THE ORDER MATRIX WILL BE ZEROED BEFORE
THE SCALING ANALYSIS. (CRIT2 >= CRIT1)
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RECORD NO. 2 PROCESSING CONTROL {(FREE FORMA'T)

. . N
ALL 12 PARAMETERS ON THIS RECORD ARE INTEGERS.

FOR SHORT VERSION OF RASC (RANKING ALGORITHMS ONLY), IALPHAZO

\

ITAPE =1 FOR DATA TO BE READ FROM "TAPELO" ,
ELSE, DATA® WILL BE READ FROM RECORDS IMMEDIATELY
FOLLOWING RECORD k0. 4
IOMAT =1 FOR PRINTOUT OF ORDER AND FREQUENCY MATRICES
) T~ AS WELL AB .INTERMEDIATE TABLES;
FLSE, THESg\ggTPUTS WILL BE SUPPRESSLD
ISRT = 1, DATA WILL BE PRE-SKEQUENCED FOR OPTIMIZED WTARTING
SEQUENCE .
IALPHA 0, TERMINATION AFTER RANKING SOLUTION;

TRIET)

1, SCALING ANALYSTS WILL BE DONE;
ELSE, TERMINATION AFTER RANKING SOLUTLON, BUT
STEPWISE SEQUENCING PROGRESS WILL BE
PRINTED BEFORE TERMINATION.

ITAB1 v = 1, AN OCCURRENCE TABLE FOR THE WELLS IS TO BV/;EYRTﬁm
ELSE, NO TABLE.
ISCORE = 1, STEP MODEL COMPARISON OF INDIVIDUAL WELLS AND
FOSSILS WITH OPTIMUM SEQUENCE [5 PERFORMED
ICOMP = 1  FOR NORMALITY TESTS ON INDIVIDUAL WELLS
ISKIP = 1 IF CUMULATIVE ORDER MATRIX IS TO BE USED
2 | (RANKING SOLUTION WILL BE BASED ON PRESORTING
ONLY)
k. ELSE, RASC WILL GO AHEAD AND PERFORM MATRIX
¢ PERMUTATIONS.
IFIN = 1  FOR APPLICATION OF FINAL RE-ORDERING
INOSC = 0, KO SCALING OUTPUT;
_ = 1, WEIGHTED DISTANCE OUTPUT OHNLY;
- ~ ELSE, WEIGHTED AND UNWEIGHTED OUTPUT.
INEG = 1, LARGE DISTANCES FOR SMALL SAMPLES WILL BE SUPPRESSED
- ELSE, .NO SUPPRESSION. _
ISCAT .*=.1, SCATTERGRAMS ARE TO EE PRINTED FOR EACH WELL.
ELSE, NO SCATTERGRAMS PRINTED
RECORD NO. 3 OUTPUT DIRECTION ¢

THIS RECORD IS MADE UP OF 11 INTEGER VALUES (FREE FbRMAT)
WHICH DBIRECT CUTPUT FROM THE 11 DIFFERENT PROGRAM SECTIONS.
THESE VALUES ARE STORED IN THE PROGRAM IN THE ARRAY CUT().

"THE FIRST VALUE REFERS TO SECTION 1, THE SECOND TO SECTION
2 AND SC ON. IF SET TO 1, THE CORRESPONDING SECTION'S OUTPUT

WILL BE DIRECTED* TC THE MAIN OUTPUT FILE. OTHERWISE THE SECTIONS
CUTPUT WILL GQ TO THE EXTRA OUTPUT FILE.
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C
C OUT(1) - SEQUENCE DATA TABULATION OF EVENT OCCURANCES
C QUT(2) - MODIFIED SEQUENCE DATA :
e QUT({3) - CYCLES .
& OUT(4) - DICTIONARIES
C OUT(5) = OPTIMUM SEQUENCE :
C oUT(6) -" SCATTERGRAMS USING OPTIMUM SEQUENCE
C "QUT(7) - SCALING UNWEIGHTED, WEIGHTED ' - \
C OUT{&) - SCALING AFTER 5 ITERATIONS : |
C OUT(9) ‘URRENCE TABLE & STEP MODEL &\_
¢ OUT{10)- NORMRLITY TEST
¢ - OUT(11)- SCALAING & UE N
C :
C N . .
&‘\‘~_RBCORD NO. 4 UNIQUE EVENTS
¢ T—memmmmmmmee s e
¢ k . - ‘
c IF INIQ = 1, UP TO 20 UNIQUE EVENTS WILL BE READ FROM THIS
& RECORD IN 20I4 FORMAT. IF NO UNIQUE EVENTS ARE REQUESTED,
C 'PTHIS RECORD IS LEFT BLANK. IF UNIQUE EVENTS ARE INCLUDED,
C "ICOMP"™ MUST. EQUAL 1.
C ' .
C : : -
C RECORD NO. 5 MARKER HORIZONS
¢\ mmmmmmmm e I
C _ . ¥
< F INIQ = 1, UP TO 20 MARKER HORIZONS WILL BE READ FROM
C THIS RECORD IN 2014 FORMAT. IF NO .MARKER HORIZONS ARE

' REQUESTLD THIS RECORD IS LEFT BLANK.

DATA SET _ (SEMI-FREE FORMAT)

C [\ . S
C OBSERVED“EVENTS: THE OBSERVED DATA ARE GIVEN AS "NS"
C SEQUENCES. A "SEQUENCE" CONSISTS OF
C A TITLE RECORD (IN 5A4. FORMAT) FOLLOWED BY ONE OR MORE
C RECORDS OF SEQUENCE DATA (IN MULTIPLE I4 FORMAT).
C “EACH OF THESE DATA RECORDS IBYPARTITIONED INTO 20
C FIELDS, EACH FIELD HAVING I4 Fonﬁlg THUS, THERE-
C MAY BE UF TO 20 EVENTS ON ONE RECORD.
C NOTE: FIELDS NEED NOT BE FILLED CONSECUTIVELY.
¢ EMPTY FIELDS ARE IGNORED.
c , o .
c A SEQUENCE IS DEEMED TO HAVE ENDED WHEN A FIELD
C CONTAINING =999 IS ENCOUNTERED.
C THE SEQUENCES ARE READ EITHER FROM “TAPElO"
C (IF ITAPL = 1) OR FROM RECORDS IMMEDIATELY FOLLOWING
C RECORD NUMBER. 4. (IF ITAPE = 0).
o ‘

a
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DICTIONARY: THE DICTICONARY IS NERELY A‘LIST QF
. EVENT LABELS; ONE LABEL PER RECDRD,
10A4 FORMAT. AN EXTRA RECORD WITH THE LABEL 'LAsT' °
IN THE FIRST 4 COLUMNS MUST BE PLACED AT THE END. ‘

LIMIT: 605 RECORDS (NOT COUNTING 'LAST' RECORD)
THE DICTIONARY IS ALWAYS READ FROM "TAPEQO",

L]

S.D. WEIGHTS: ¢ THESE WEIGHTS ARE CALCULATED BY

USING THE STANDARD DEVIATIONS OF THE DIFFERENCES
BETWEEN OBSERVED AND EXPECTED VALUES OF THE EVENTS
IN THE R.A.5.C. SEQUENCE. THE INPUT FILE MUST BE
IN A 2A6 FORMAT WITH -999 ON THE LAST LINE. 'THE
VALUE IN. THE FIRST COLUMN IS THE EVENT NUMBER WHILE
THE SECOND COLUMN REPRESENTS THE STANDARD DEVIATION
WEIGHTS. '

PARAMETER (KDIM1=24, KDIM3=120, KDIM4=0505, KDIMS:iO,

KDIMGE=145)

PARAMETER (MAXCYC=300, MAXUQ=20)
C .
COMMON N, NS, MMAX, IX(KDIMI,KDIM3), ICODE(KDIM4},
IRCODE { KDIM4 ),
+ C(KDIMG, KDIMG)
COMMON /BETA/ IUNIQ(KDIM4,2), NUNIQ(KDIM1},
MUNIQ(KDIM1,MAXUQ*2)
COMMON /DELTA/ IOCR, INIQ, CRIT1, TOL, AAA, RITZ, MAX, 1TER,
+ IQMAT, ISRT, IALPHA, ITABl, ISCORE, ICOMP, 15KIP,

+ INOSC, INEG, ISCAT, TMAT(KDIML,KDIM3)

COMMON /TEXT/ NAME(KDIM1,10), ITITLE{KDIM4,l0)

COMMON /PESEE/ SDW(KDIM4), IWEIT(KDIM4,Z) _
INTEGER AA, AID, COUNT, T, TEST, IPOS(KDIM6), IQD(KDIM3),

+ IRANGE (KDIMG,2), JIRCOD{KDIMG), IPAIR{Z,KDIMG+MAXUY),
+ MPAIR(KDIM6+MAXUQ), THMAT, OUT{1l)
REAL A(300), B(300), CC(600), QDAR(KDIMG+MAXUG), y
WVEC{KDIM5), '
+ XLEV ( KDIM6+MAXUQ)
CHARACTER*4  NAME, ITITLE-
CHARACTER*50 . :
INPFIL,DATFIL,SDWFIL,DICFIL,OUTFIL],QUTFIL2, TIFILE
c [l
C EXPLANATION OF CONSTANTS IN THE PARAMETER LIST
C -
C KDIM1 ~ MAXIMUM NUMBER OF WELLS (SECTIONS)
C KDIM3 - MAXIMUM LENGTH OF ANY ONE WELL
¢ KDIM4 - MAXIMUM NUMBER OF EVENT LABELS IN THE DICTICNARY’
¢ KDIM5 -

MAXIMUM NUMBER OF FOSSILS PERMITTED TO EE IMPLICATED IN
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C
c
C
C
C

ONE CYCLE

KDIMOG

337

- MAXIMUM NUMBER OF EVENTS REMAINING AFTER FILTERING

MAXCYC - MAXIMUM NUMBER OF CYCLES ALLOWED

MAXUQ

WRITE (*,*)
READ (*,900)
FORMAT (A50)
WRITE (*,*)
READ {*,900)
. WRITE (*,*) !
READ (*,900)
" WRITE (*,*) !
READ {*,900)
WRITE (*%,*) °
WRITE (*,*) °
READ (*,900)
WRITE (*,*)
READ (*,900)

500

t

'Enter filename f£ér run parameters:

INPFIL

Enter filename for
DATFEIL
Enter
SDWFIL
Enter filename
DICEFIL

[}

Enter filename
QUTFIL1

Enter filename
QUTFILZ

filename for

for

for

for

- MAXIMUM NUMBER OF UNIQUE EVENTS

1

c
well data: !

5.D. weights: '

.

dictionhary:

;

/

extra output (results): '

main output {results):

T

'Enter filename for "TAPE7"
T7FILE

'Thank you.

WRITE (*,*)

READ (*,900)

WRITE (*,*)
abort)'
C ‘

output:

Please wait {or Ctrl-Break to

.
PEN

PEN
OPEN
/ oPEN
OPEN
OPEN
OPEN

(5,FILE=INPFIL,BLANK='ZERO')

{10, FILE=DATFIL,STATUS='0OLD' ,BLANK='ZERO"')
(51, FILE=SDWFIL,STATUS='0OLD',BLANK='2ERO"')
(99 ,FILE=DICFIL, STATUS='OLD',ACCESS="'SEQUENTIAL")
(61, FILE=OUTFIL], STATUS="'UNKNOWN') '

(62, FILE=0OUTFIL2, STATUS=Y UNKNOWN' ) .
{7,FILE=T7FILE,ACCESS="SEQUENTIAL',STATUS='UNKNOWN")

.

READS IN: INPUT (RUN PARAMETERS},, TAPE1lOQ
TAPE99 (DICTIONARY)

CUTPUT (THE PRINT FILE OF RgéaLTS)

TAPE?7 (INPUT TO 'DENO' PROGRAMME FOR DISSPLA PLOTS OF

OPTIMUM FOSSIL SEQUENCE AND DENDROGRAMS)

(WELL DATA),
CREATES:
THIS IS RASC, VERSION 19851212,

BLANK='ZERQO', STATUS.NE.'NEW'

sNoNoNsNaNsNoNeNy

WRITE
WRITE
WRITE
WRITE

(61,*) CHAR(15)
{62,*)}) CHAR({15)
(61,1000}
{(61,1001)
WRITE (61,1002)
WRITE (61,1003)
1000 FORMAT (/////4X,. 'RESULTS OBTAINED BY MEANS OF PROGRAM RASC')"
1001 FORMAT (/5X, 'PREPARED BY F.P. AGTERBERG AND L.D. NEL',

+ /5X, 'JANUARY 1981') :
1002 FORMAT (/5X, 'REVISED BY F.P. AGTERBERG AND S.N. LEW',
+_ /5X, '"SEPTEMBER 1985')
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1003 FORMAT (/5X, 'GEOLOGICAL SURVEY OF CANADA'/5X,

+ '601 BOOTH STREET'/5X, 'OTTAWA, ONTARIO'/5X, 'K1lA 0E8')

READ INPUTS

WRITE (*,*) 'READING Iﬁ\THE DATA

'CALL READIN (OUT)

PREPROCESSING

WRITE (OQUT(1),2000)

% ‘WRITE (OUT(1),2001)
2b00

FORMAT (/////5X, ' PREPROCESSING INITIATED')

2001 FORMAT (5X,'==mmm--ocm——m—mcmmmmmm ')

C
C
c
C
C
C
Cy

naOoONORONnN OQAn

]

CONSTRUCTH NUNIQ(KDIM1) - MAP SHOWING WHICH SEQUENCES HAVE
UNIQUE EVENTS .
IRCODE (KIM4}) =~ BEING USED HERE AS A TABLE TO BE SENT TO
- OCCTAB()}. (REALLY ONLY NEED KDIMG OF THE
KDIM4 AVAILABLE.) - " _}(
DO 20% I = 1,NS /f ' R

Dp 200 J = 1,KDIM3
ID = TMAT(I,J)
AID = IABS (ID)
IF (AID.EQ.0) GO TO 205

IF (INIQ.EQ.1 .AND. IUNIQ(AID,l}.EQ.1) NURIQ(I) = 1
IRCODE({AID) = IRCODE(AID) + 1
200 CONTINUE :

205 CONTINUE

PRINT A TABLE SHOWING FOR EACH DICTIONARY EVENT THE NUMEER
OF WELLS IN WHICH THIS EVENT APPEARS

CALL OCCTAB (OUT(1})

" LOW OCCURRENCE FILTERING AND RECODING OF DATA

ALL EVENTS IN THE DATA SET WHICH BQ NOT QCCUR IN AT LEAST .
"IOCR" SEQUENCES ARE ELIMINATED, AND THE DATA ARE RE~CODED SUCH
THAT IF "MMAX" _EVENTS ARE RETAINED, THE HNEW CODE NUMBERS WILL
RUN FROM 1 TO "MMAX'.

"TMAT" WILL BECOME THE FILTERED (BUT NOT RE~CODED) DATA S3ET.

WRITE (*,*) 'FILTERING THE DATA' -
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CALL HPFILT (TMA?,IOCR,INIQ,IOMAT,OUT(Z}) .

PRESCORT OPTION: A PRELIMINARY SEQUENCE IS DERIVED FROM THE SORT-
ING OF EVENT 'SCORES' BASED ON THE FREQUENCIES OF ALL EVENTS,
COMPARED WITH ALL OTHER EVENTS IN AN ORDER RELATION MATRIX.

.WRITE ({*,*} 'RANKING ANALYSIS'
IF (ISRT.EQ.l1}) CALL PRESRT (IOMAT,OQUT(2))

RANKING SOLUTION

CREATION OF CUMULATIVE OREER MATRIX

CUMUL r1Vc ORDER MATRIX C(I,J} IS CONSTRUCTED SUCH THAT
ELEMENTS Ctiwg)_CONTAIN THE NUMBER OF TIMES EVENT I
OCCURRED ABOVE {BEFORE) EVENT J.

WRITE (OUT(3),3000) B
WRITE (OUT(3),3001)

3000 FORMAT (////4X,'RANKING SOLUTION')

3001 FORMAT (5X,'-==mm==mm=—————- ") .

DO 305 I = 1,KDIMG
DO 300 J * 1,KDIMé
cC(L,J) = 0.0
300 CONTINUE

305 CONTINUE

WRITE (OUT{3),3010) IOCR, INT (CRITl)

3010 FORMAT (////' RUN FOR', IZ, ' OR MORE OCTURRENCES AND', I2,

+ ' OR MORE PAIRS')

PRODUCEb A NEW C.0. MATRIX BASED ON THE CURRENT STATE OF THE

WELL DATA. (THAT 1S, PRESORTED OR ...)
IX =~ THE RECODED DATASET . '
DO 325 L = 1,NS
J = 1
307 IF (J.GT.KDIM3) GO TO 325

MM = IX(L,J)
IF (MM.EQ.0) GO TO 325

TEST = 0
“+ K = J
I = IABS [MM)
310 K=K+ 1

IF (K.GT.KDIM3) GO TO 320
AA = IX(L,K)
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315

320

325

]
o

3020

3030

330
3040

335

340
345

&
3050

3060

3070

+

IF (AA.EQ.0) GO TO 320

340

K¢ = IABS (AA)
IF (AA.LT.Q .AND. TEST.LE.Q) GO TO 315
TEST = TEST + 1 '
C{I,KK}) = C{I,KK) + 1.0
GO TO 310 '
C{I,KK) = C{I,KK) + 0.5
C{RKK,I) = C{KK,I) + 0.5
GO TO 310
J = J + 1
GO TO 307 N
CONTINUE

IF (ICMAT.NE.1l) GO TO 335
WRITE (OUT(3),3020)

FORMAT (/////.,24H CUMULATIVE ORDER MATRIX/)

DO 330 I = 1,MMAX
WRITE (OUT(3),3030) jF
FORMAT (//) . ~
WRITE (OUT(3),3040) (C{I,J), J =

CONTINUE

FORMAT (1X, 20F6.1)

MODIFICATION OF CUMULATIVE ORDER MATRIX

THE TRANSPOSE ELEMENT PAIRS C(i,J) AND.C(J,I)
WHOSE SUM IS LESE HAN CRIT1 ARE ZEROED

\,
WRITE (*,*) 'RANKING}

IKNT = 0
IMAX = MMAX -
DO 345 I = 1,IMAX
L I+ 1 .
DO 340 J = L,MMAX .
IF ((C(I,d)+C(J,I))
C(I,J) 0.0
C(J,1) 0.0
IKNT = IKNT + 1
CONTINUE
CONTINUE
MMSQ (MMAX * MMAX - MMAX) * 0.5
WRITE (OUT(3),3050)
FORMAT (//'
WRITE (OUT(3),3060) CRIT1,
FORMAT (/' BASED ON CRIT1
' HAVE BEEN ZEROED')
IF (IOMAT.NE.1) GO TO 400 . ?
WRITE (OUT(3),3070)

on

1

.GE. CRIT1)

IKNT, MM3Q
,F5.1,',",15,"

MCDIFICATION OF ORDER MATRIX')

;ﬁhMAx)

GC TO 340

PAIRS OUT OF', 16,

FORMAT (/////24X, '"MODIFIED RELATION MATRIX'/)

DO 350 I = 1,MMAX
WRITE (OUT(3),3030)
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WRITE (OUT(3),3080) (C(I,J), J = 1,MMAX)
350 CONTINUE ' '

3080 FORMAT (/20F6.1)

OPTIMUM SEQUENCE DETERMINED BY MATRIX TRANSFORMATION (RANKING)

AN OPTIMUM SEQUENCE IS DETERMINED BY EXAMINING THE ORDER MATRIX.
FREQUENCIES (TRANSPOSE ELEMENTS C(I,J) AND C(J,I) ) ARE

COMPARED AND ROWS AND COLUMNS I AND J ARE INTERCHANGED SUCH THAT
ALL LARGER ELEMENTS APPEAR IN THE UPPER TRIANGLE OF THE MATRIX

IA - NUMBER OF CYCLES _ " COUNT - # OF ITERATIONS
ICORT - (A SWITCH; SENT TOACYCLE SUBRTN.) '
ICYC = ¥ FOSSILS IN THE CYCLE; SENT!TO CYCLE SUBRTN.
400 IA = 1
DO 405 I = 1,KDIMS6
IPOS(I) = I

405 CONTINUE . .
IF {ISKIP.EQ.1) GO TO 480

COUNT = 0 |
ICORT = 0 -
DO 470 I = 1,MMAX
410 IF (IA.LE.MAXCYC) GO,TO 415
WRITE (OUT(3),4000) MAXCYC
4000 FORMAT (/1X, '*** NUMBER OF CYCLES HAS EXCEEDED THE',
+ ' ALLOWED MAXIMUM OF', I5, '.', :
+ //1X, '**** EXECUTION TERMINATED.'/)
GO TO 9999
415 ICYC = Q
ISUP = 0

DO 420 J = 1,KDIM5
WVEC(J) = 0.0
CONTINUE
K =T+ 1 ,
IF (K.GT.MMAX) GO TO 470
DO 465 J = K,MMAX
IF (C(I,J).GE.(C(J,I)-TOL)) GO TO 465
DO 430 T = 1,MMAX
TEMP = C(I,T)
(I, T) =
¢{J,T) = TEMP
430 CONTINUE .
DO 435 T
TEMP = C(T,I)
c(T,I) =
C{T,J) = TEMP
435 CONTINUE
ITEMP = IPOS{I)
IPOS{I) = IPOS(J)
IPOS(J) = ITEMP

o=
rJro
o

non
-
=
=
b
£

won
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LIMT = KDIM5 - 1 N
00 440 T = 1,LIMT
WVEC(T) = WVEC(T+1)
440 . CONTINUE : '
-WVEC(KDIM5) = FLOAT (IPQS(I)) .

COUNT = COUNT + 1

- IF (COUNT.LT.ITER) GO TO 445
t WKITE (OUT(3),4020) ITER

4020 FORMAT (/1X, '*** NUMBER OF ALLOWED MATRIX TRANS',
+ 'FORMATIONS {ITER =', 16, ') EXCEEDED.',
+ : //1X, '¥*x¥% EXECUTION TERMINATED IN M/PROG.'/)
GO TO 9539
445 IF (IALPHA.EQ.O0 .OR. IALPHA.EQ.l) GO TO 450
WRITE (OUT(3),4050) :
4050 FORMAT (//20H SEQUENCING PROGRESS)
. WRITE {OUT(3),4060) (IPOS(L), L = 1,MMAX)
4060 FORMAT (1X, 20I5)
450 CONTINUE
ot _
c TEST AND CORRECT FOR CYCLICITY
C

ISUP = ISUP + 1
IF (ISUP.PE.IOO .OR. WVEC({1).LE.0.0) GO TO 425
DO 455 T = 4,KDIMS

IF (WVEC(T).EQ.WVEC(1)) GO TO 460 .
455 CONTINUE -
' GO TO 425
460 O ICYC = T -1
CALL CYCLE (ICORT,ICYC,WVEC,IA,A,B,CC,IPOS,0UT(3))
GO TO 410
465 CONTINUE
470 CONTINUE
C A
¢ REPLACE ELEMENTS ZEROED IN CORRECTION OF CYCLICITY
C
ICORT = 1 :
CALL CYCLE ({ICORT,ICYC,WVEC,IA,A,B,CC,IPOS,0UT{3))
C
s -
C OQUTPUT FINAL ORDER RELATION MATRIX, OPTIMUM SEQUENCE
C AND RUN CONDITIONS
c
C - .

IF (IOMAT.NE.1l) GO TO 480
WRITE (OUT(3),4070)
4070 FORMAT (///1X, 'FINAL ORDER RELATION MATRIZ')
DO 475 I = 1,MMAX -
WRITE (OUT(2),4080) I
4080 FORMAT (//2X,13)
WRITE (OUT(23),3080) (C(I,J), J = 1,MMAX)
475 CONTINUE
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C
C

480
4090

485

343

WRITE (QUT(3),4090) B

FORMAT (///// ' OPTIMUM SEQUENCE OBTAINED VIA RANKING'/)
WRITE (OUT(3),4060) (IPQS(L), L = 1,MMAX)

DO 485 I = 1,MMAX

' IRCODE(I) = ICODE(IPOS(I))

CONTINUE :

IPOS - HOLDS THE OPT. SEQ. (ENCODED RASC INDEX- NUMBERS)
IRCODE ~ HOLDS THE OPT. SEQ. (ORIGINAL CODE NUMBERS)

4100

4110

4130

4150

L]

WRITE (OUT(3),4100)

FORMAT (///// ' OPTIMUM SEQUENCE USING ORIGINAL CODE NUMBERS')

WRITE (OUT(3),4110) {IRCODE(I), I = 1,MMAX)

FORMAT (1X, 20I5)

WRITE (OUT(3),4130) COUNT, ITER

FORMAT (///// ' RANKING SOLUTION OBTAINED WITH:' //10X, IS5,
' ITERATIONS OUT OF MAXIMUM',I7)

WRITE .{OUT(3),4150) CRITLl, TOL

FORMAT (//10X, 'CRITICAL TRANSPOSE ELEMENT SUM OF', F6.1,
//10X, '"TOLERANCE OF', F6.1) '

EVENT RANGES

PRINT SEQUENCE WITH NAMES (EVENT LABELS} AND RANGES
{(WE MAKE USE OF THE CUM.ORDER MATRIX AND THE CORRESPONDING

500

505

510

515

520

7040

POSITION MATRIX)

DO 520 I = 1,MMAX
K =1
K -1
IF (K.EQ.0) GO TO 505
ARG = C(K,I) - C(I,K)
IF {ARG.LE.0.0) GO TQ 500
INK = K
K =1
K=K+1 .
IF (K.EQ.(MMAX+1)) GO TO 515
ARG = C({I,K) ~ C(K,I)
IF (ARG.LE.0.0) GO TO 510
JNK = K '
IRANGE(I, 1)
IRANGE(TI,2)
CONTINUE
WRITE (OUT(4),7040)
FORMAT (////10X, 'NUMERICAL LISTING'//)
DO 525 I = 1,N
WRITE (OUT(4),7050) I, (ITITLE{I,J), J = 1,10)

:-":
[ lI

INK
JNK

nu
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7050 FORMAT (1X, I5, 2X, 10A4)
525 CONTINUE "
.NCOLS '= 10

"CALL ASORT (NCOLS,0UT(4))

WRITE (OUT(5),5010)
WRITE (OUT{5),5020)
WRITE (QUT(5),5030) '
WRITE (OUT(5),5040)
5010 FORMAT (///// OPTIMUM SEQUENCE TABULATED WITH EVENT RANGE
AND' ,: $
+ ' LABELS:'///)
5020~FORMAT (7X, 'SEQUENCE FOSSIL RANGE FOSSIL - RANGES',
+ ' DEFINE OUTER LIMITS IN THE POSITION SEQUENCb EVENTS CAN',
+ ' OCCUR ANYWHERE')
5030 FORMAT (7X, 'POSITION NUMBER', 10X, 'NAME', 8X, 'WITHIN
THESE' , ’ »
+ ' LIMITS. {NOTE: THIS RANGE IS NOT STRATIGRAPHIC)')
5040 FORMAT (//) :
DO 530 I = 1,MMAX
ID = IRCODE(I)
JIRCOD(I) = ID .
WRITE (OUT(5),5050) I, TD, IRANGE(ILI,l), IRANGE(I,Z2),

+ (ITITLE(ID,J), J = 1,10)
WRITE (7,5047) I, ID, IRANGE(I,l}, IRANGE(I,Z),
+ (ITITLE(ID,J}), J = 1,10) -
5047 FORMAT .(1x, 18, I9, 18, I&x 3X, 10A4) ‘
5050 FORMAT (1X, I8, I9, I8, '-%, I3, 3X, 10A4)
530 CONTINUE '
c
C JIRCOD - A COPY OF THE OPTIMUM SEQUENCE OBTAINED BY RANKING.
C : (ORIGINAL FOSSIL NUMBERS). TO BE USED AS INPUT TO
WDIST() . ‘
C .
IF (ISCAT.NE.1) GO TO 534
‘ WRITE (OUT(6),5055) :
5055 FORMAT (/////'CORRELATION OF WELL SEQUENCE DATA TO
OPTIMUM',
+ ' SEQUENCE'/)}
" DO 533 I$ = 1,NS
DO 531 I = 1,KDIM3
IQD(I) = TMAT(IS,I)
IF (IQD(I).EQ.0) GO TO 532
NED = I )
531 - CONTINUE .
532 WRITE (OUT(6),5060) (NAME(IS,Jd), J = 1,10)
5060 FORMAT (///2X,10A4/) ,
CALL SCATTR (IQD,NED,IS,OUT(6))
533 CONTINUE

534 IF (IALPHA.EQ.1l) GO TO 535 ;
c . .
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~~== SMALL MISS-PLACED OUTPUT 9 GROUP ------
IF (ITAB1.EQ.1} CALL TABL {OUT(9))
IF (ISCORE.EQ.1) CALL SCORE (OUT(9))
GO TO 9999
SCALING ANALYSIS
T:;—: """""""""
SECOND MODIFICATION OF CUMULATIVE ORDER MATRIX
535 IF (CRITZJLE.CRIT1) GO TO 590
WRITE (*,*) 'SCALING ANALYSIS'
IKNT = 0
DO 560 I = 1,IMAX
L =1+ 1
DO 550 J = L,MMAX
IF (C(I,J)+C(J,I).GE.CRIT2} GO TO 550
C(IL,J) = 0.0
c{J, I} = 0.0 . :
"IKNT = IKNT + 1 .
550 CONTINUE g
560 CONTINUE
WRITE (OUT(3),5070) CRIT2, IKNT, MMSQ
5070 FORMAT (//1X, 'SECOND MODIFICATION OF ORDER MATRIX:',
S /6X, 'BASED ON CRIT2 = ", F5.1, ', A TOTAL OF'S, IS5,
+ ' PAIRS (OUT OF', I5, ') HAVE .BEEN ZEROED.')

IF (IOMAT.NE.l1) GO TO 5850
WRITE {OUT(3),3070)
DO 570 I = 1,MMAX
WRITE (OUT(3),3030)
WRITE (OUT(3),2080) (C(I,J), J = 1,MMAX)

T 570 CONTINUE

c
C

@

b

C

(IF LLL = 1, THEN RESULTS OF SCALING WILL WOT BE PRINTED)

590 LLL = INOSC
IF (INOSC.EQ.1) LLL = 0O
WRITE (OUT(7),6000)
WRITE (OQUT(7),6010)
G0JC FORMAT (////4X,'SCALING ANALYSIS')

5010 FORMAT (5X,'==c-m——memcmomem )

DISTANCE ANALYSIS
-

WRITE (OUT{7),6020)

+ ' DISTANCE ANALYSIS')

» li

EVALUATION OF OPTIMUM SEQUENCE BASED ON UNWEIGHTED AND WEIGHTED

6020 FORMAT (//' EVALUATION BASED ON UNW%&GHTED AND WEIGHTED',

:
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C COMPUTE NORMAL 2 VALUES OF FREQUENCIES CALCULATED FhOM ORDER

MATRIX y | .
@ : . .
CALL NORMZ (AAA,LLL,IOMAT,OUT(7))
C o .
C COMPUTE 'DISTANCES' BETWEEN EVENTS AND CONSTRUCT DENDROGRAM
C - |
c

CALL DIST (QDAR,MPAIR,AAA,LLL,QUT(7))
LouTrT = 0
CALL ORDER (QDAR,IPAIR,XLEV,LLL,LOUT,QOUT{7)) )
IF¥ (LLL.NE.O) WRITE (OUT(7},7010)
7010 FORMAT (//5X, 'DENDROGRAM OF UNWEIGHTED INTERFOSS5LL
DISTANCES'//)

IF (LLL. NE 0) CALL DENDRO (IPAIR,XLEV QUT (7)) fﬂV

c L 3
C REPEAT DISTANCE ANALYSIS WITH WEIGHTED DIFFERENCES
C : i

LLL = INOSC

CALL WDIST (JIRCOD,QDAR,MPAIR,AAAR,LLL,INEG,CRIT2,0UT(7))

LouT =1 . .
CALL ORDER (QDAR,IPAIR,XLEV,LLL,LOUT,QUT{7))
IF (LLL.NE.O} WRITE (OUT(7),7020) ) e

7020 FORMAT (//5X, 'DENDROGRAM OF WEIGTHED INTERFOSSIL leTANCE“" )

’ " IF (LLL.NE.O) CALL DENDRO (IPAIR,XLEV,0UT(7)} e

C R . o

.REJRDER FINAL RELATION MATRIX AND REPEAT CLUSTER ANALYSIS
# FOR UNWEIGHTED AND WEIGHTED DIFFERENCES

IF (IFIN.NE.1})
DO 625 KKK = 1,
IRET = 1
DO 600 I = 1,MMAX
IF (JIRCOD(I).NE.IRCODE(I)) IRET = ¢

500 CONTII!
IF (KKK.EQ\5) IRET = 1 .
LLL = IRET-

IF (IRET.NE.1l) GO TC 610
WRITE (OUT(7},6030) .
6030 FORMAT (///)
WRITE (OUT(7),6040)
6040 FORMAT (/' APPLICATION OF FINAL REORDERING'//)
WRITE (OUT(7),6050)
6050 FORMAT (' DISTANCES ESTIMATED FROM 5UCCESSIVE EVENTS'///)
WRITE (OUT(7),6051) : '
6051 FORMAT (/4X, 'TO RECALCULATE 3TANDARD DEVIATIONS,
DISTANCEY,
+ / ' VALUES HAVE TO BE RECALCULATED STARTING WITH THE NEW',
' ' SEQUENCE'//}
IF (IOMAT.NE.1) GO TO G20
WRITE (OUT(7),6060)

GG TC 700
5
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OGO FORMAT (////' UPPER TRIANGLE OF NORMAL 2 VALUES') ‘
DO 605 I = ...,qur-‘\.- ' ) “roety
WRITE (OUT(7), 6070)
6070 FORMAT (///)
. WRITE {OUT(7),6080) (C (1 J)Y, J = 1,MMAX)
EOBY - FORMAT (1X,15F8.3)
6505 o CONTINUE '
‘ GO TO 620 g
G10 CALL REORD (AAA,IPOS) v .
- DO 615 I =-1,MMAX - . : .
JIRCOD(I) = IRCODE(I} .7 ~ “
615 - CONTINUE
. LLL = 0 o :
—— IF (INOSC.GT.l1 .AND. IRET.EQ.1) LLL = 1
[ ’ “ ) N
& COMPUTE NORMAL 7 VALUES
C > | :
CALL NORMZ (AAA,LLL,IOMAT,OUT(7})
C '
C COMPUTE DISTANCES BETWEEN FOSSIL EVENTS
C
620 LLL = 0 ' . .
IF (INOSC.GT.1 .AND. IRET.EQ.1) LLL = 1
CALL DIST (QDaﬁ ,MPAIR,AAA,LLL,OUT({7))
LOUT =
CALL gRDER {QDAR,IPAIR,XLEV,LLL,LOWT,0UT(7)}
IF {LLL.NE.O) WRITE (OUT(7), 7010) T L
IF (LLL.NE.O) CALL DENDRO\(IPAIR,Xqu,OUT(7))
S REPEAT DISTANCE CALCULATION WITH WEIGHTED DIFFERENCES
o : r ;
LLL = O - “

IF (INOSC.GE\1 .AND. IRET.EQ.1) LLL = 1

CALL WDIST (Jlﬁcon QDAR,MPAIR,AAA,LLL, INEG,CRIT2,0UT(8))

LOUT =1

CALL ORDER'(QDAR,IPAIR;XLEV;LLL,LOUT,OUT(8))‘~w ~

"IF (LLL.NE.Q) WRITE (CUT(8),7020) ..

iF (LLL.NE.Q)'CALE DENDRO (IPAIR,XLEV,QUT(8)")

IF (IRET.EQ.1) GO TO 630 ',
625 CONTINUE . : : ' 5
Y530 WRITE (OUT(8),6090} KKK R
6090 FORMAT (///' SOLUTION AFTER ',I3,' ITERATIONS'///)

FINAL PROCESSING OPTIONS

anpoag

WRITE (*,*) 'NORMALITY TESTS'

)

C CONSTRUCT OCCURREN(ﬂ TABLE FOR, WELLé
N D \ *
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(g

700 IF (ITAB1.EQ.1) CALL TAB1 (QUT(9))

C —
¢ STEP MODEL FOR IND£DIDUAL WELLS
C . o
IF (ISCQRE.EQ.l)_cqéL SCORE {OUT({9))
e , .
IF {ISCAT.NE.l1} GO TO 850
WRITE (OUT(10),5055)
DO 800 I = 1,NS
‘DO 790 J = 1,KDIM3
IQD(J) = TMAT(I,J)
IF (IQD(J).EQ.0)} GO TO 795
NED = J
790 CONTINUE T
795 WRITE (OUT(10),5060) (NAME(I,J), J = 1,10)

CALL SCATTR .(IQD,NED,I,OUT{10)) i
800 CONTINUE

PERFORM NORMALITY TEST ON INDIVIDUAL WELLS

o0

850 IF (ICOMP.EQ.1) CALL COMP (QDAR,INIQ,OUT(lO)) o ‘
ENTER UNIQUE EVENTS XNTO SEQUENCE AND PRINT Exugq}ﬁsuoanRAM
‘ . S
IF (INIQ.NE.l1 .OR. ICOMP.NE.1) GO TO 9999 '(
WRITE (OUT(11),7000) : -
7000 FORMAT (///, 'POSITIONING OFf UNIQUE EVENTS IN FINAL
SEQUENCE' ) i : '

QN

CALL ORDFER {QDAR, IPAIR,XLEV,LLL,0,0UT{11))
CALL DEWDRO (IPAIR,XLEV,0UT{11))

o .
9939 CLOSE (61) J/f\
CLOSE (62)
CLOSE {5) o -
CLOSE (10 “
CLOSE (51
CLOSE (99
CLOSE (7)

STOP
END . ¢
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| SUBROUTINE READIN (OUT)

C

C ... SUBROUTINE TO READ IN ALL THE INPUT PARAMETERS SEQUENCE
¢ DATA, AND DICTIONARY. L ‘
C EXECUTION IS TERMINATED IF ANY ERRCRS ARE DISCOVERED.

C

¢ CALLED IN MAIN PROGRAMME

C

PARAMETER (KD1M1=24, KDIM3=120, KDIM4=605, KDIM5=10,
KDIMG6=145) | - _—

PARAMETER (MAXCYC=300, MAXUQ=20)

COMMON N, NS, MMAX, IX(KDIM1,KDIM3), ICODE(KDIM4),
LRCODE ( KDIM4) , . .

: + C(KDIMG,KDIME) o
\\\\\ COMMON- /BETA/ IUNIQ(KDIM4,2), NUNIQ(KDIM1), ;> ‘)
MUNIQ(KDIM1,MAXUQ*2)
COMMON /DELTA/ IOCR, INIQ, CRIT1, TOL, AARA, CRIT2, MAX, ITER’
o IOMAT, ISRT, IALPHA, ITAB1l, ISCORE, ICOMP, ISKIP,

IFIN,
+ * ' INOSC, INEG, ISCAT, TMAT(KDIM1,KDIM3)

r COMMON /TEXT/ NAME(KDIM1,10), ITITLE(KDIM4,10)
COMMON /PESEE/ SDW(KDIM4), IWEIT(KDIM4,2)
INTEGER ITEM{MAXUQ), TMAT, ITALLY(KDIM4), OUT(11)
CHARACTER*4 NAME, ITITLE, ITEMP '

c
C ‘RETURNS THE OBSERVED DATA IN TMAT(*,*) VIA COMMON /DELTA/,

c " AND IN IX(*,*) VIA BLANK COMMON.

C IUNIQ(KDIM4, 2) IS A MAP SHOWING THE UNIQUE EVENTS IN COLUMN 1

¢ AND THE MARKER HORIZONS IN COLUMN 2

C NUNIQ(KDIMi) IS A MAP SHOWING WHICH SEQUENCES E UNIQUE EVENTS

¢ . .
C READ THE. RUN-PARAMETERS AND THE PROCESSING OPTIONS -fi\
o -

READ (5,*) NS, IOCR, INIQ, ITER, CRIT1, TOL, AAA, CRIT2
READ (5,*) ITAPE, IOMAT, ISRT, IALPHA, ITAB1l, ISCORE, ICOMP,
+ - 1skIp, IFIN, INOSC, INEG,_ ISCAT
READ %(5,%) (OUT(I),I=1,11)
c .
----- SET UP OUMPUT -----m-mmmmmmmmmemmee
C : .
DG 101 I=1,11
o IF (OUT(I).EQ.1) THEN
J OUT(I)=61 L -J
ELSE _ g

. QUT(I)=62
- ENDIF | -
4 101 CONTINUE

SO _

e S . .

c . \\\H /

WRITE (OUT(1}+1040) . N —

P
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WRITE (OUT(1},1041) ‘
WRITE (OUT({1)},1042) NS, IOCR, INIQ, ITER, CRITL, TOL, AAA,

CRIT2
WRITE (OUT{1),1045) .

* WRITE (OUT{1) M046) ITAPE, IOMAT, ISRT, IALPHA, ITABLl, ISCORE,
ICOMP, - _ ‘

¥ ISKIP, IFIN, INOSC, INEG, ISCAT ‘
1040 FORMAT (///5X, 'VALUES OF INPUT PARAMETERS'//)
\1041 FORMAT (1X, 'RUN PARAMETPERS: NS IOCR INIQ ITER CRITI
TOL', .

+ GX, 'AAA', 5X, 'CRIT2')
1042 FORMAT (17X, 15, IS5, I5, I6, F7.1, F7.1, F11.5, F7.1)
1045 FORMAT (/1X, 'PROCESSING OP: ITAPE IOMAT ISRT IALPHA ITAE
"~ + ' ISCORE ICOMP ISKIP IFIN INOSC INEG ISCAT')
1046 FORMAT (18X, 14, 16, I5, 17, Is, I7, 16, 16, IS; IG, L5,
DO 100 I = 1,KDIM4

IRCODE(I) = © {
IUNIQ(I,1) = O
IUNIQ(I,2) =0
100 CONTINUE
C .
C READ UNIQUE EVENTS AND MARKER HORIZONS
C .

READ 105C, (ITEM(J), J = 1,20)
1050 FORMAT {2014)
IF (ITEM(1).EQ.0 .OR. INIQ.EQ.l) GO TO 1055
WRITE (0UT({1),1051)

1051 .FORMAT (///1X, '** WARNING: UNIQUE EVENTS FOUND ON RECORD
‘3| : .
+ /15X, '""INI®" SET EQUAL TO 1')
INIQ = 1 :

1055 IF (INIQ.EQ.1) WRITE (OUT(1),1060)
1060 FORMAT (///' THE FOLLOWING UNIQUE EVENTS HAVE BEEN
SELECTED: '/} .
DO 105 I = 1,20 TN
ID = ITEM(I) ' -
- IF (ID.EQ.0) GO TO 11 ‘ \K/\
TUNIQ(ID,1) = 1
RITE (OUT(1),1070) ID )
1070 FORMAT (5X,I4) '
105 CONTINUE .
110 READ 1050, (ITEM(J),-J = 1, 20) -
IF (ITEM(1).EQ.0 .OR. INIQ.EQ.1)-—GO/TO 112
WRITE (OUT(1),1075) .
1075 FORMAT f{///1%, '** WARNING. MARKER HORIZONS FOUND ON
RECORD' , -
+ ' 4'/ 15X, '"INIQ" SET EQUAL TO 1')
INIQ = 1
112 IF (INIQ.EQ.1) WRITE (OUT(1),1080)
1080 FO?FAT (///' THE FOLLOWING MARKER HORIZONS HAVE BEEN

SELEGPED:/ /) \\l o, ,
k] . . ‘ = b ‘ .
¢ N o
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DO 115 I = 1,20
ID = ITEM(I)
IF (ID.EQ.C) GO TO 120
IUNIQ(ID,2) = 1
‘. WRITE (OUT(1),1070) ID
115 CONTINUE '

PERFORM DATA VALIDATION ON INPUT PARAMETERS

non

120 CALL CHECK (NS,CRITL,CRIT2,IOCR,IER}
‘ IF (IER.NE.0Q) STOP !

C READ IN THE WELL DATA

DO 129 I = 1,NS
NUNIQ(I) = O
DO 125 J = 1
TMAT(I,J
IX(I,J)
25 CONTINUE
29 CONTINUE
DO 130 I = 1,KDIM4
SDW (I) =0
IWEIT (I,1)
IWEIT (I,2)
130 CONTINUE
IODATA = 5
IF {ITAPE.EQ.1) IODATA = 10
DO 135 I = 1,NS
READ -{IODATA,1090) (NAME(I,J), J = 1,10)

 KDIM3
) = 0
= 0

=
0

0
0

1090 FORMAT (10A4) 7
K = 0 e \

131 READ (IODATA,1100) (ITEM(J), J = 1,20)

1100- FORMAT (20I4)

DO 133 J = 1,20
ITEMJ = ITEM(J) ;
IF (ITEMJ.EQ.-999) GO TO 134
IF (ITEMJ.EQ.0) GO TO 133
K=K+ 1 "'\
~ IF (K.LE.KDIM3)' GO TO 132
7" WRITE (OUT(1),1105]

1105 " QQRMAT (//1X, '*** FRROR: SEQUENCE TOO
LONG', . ‘ 3 '
+ /12X, 'POSSIBLE CAUSE: MISSING -999',
+ /12¥%, 'onyRWISE: USE A LARGER '
VERSION', -
+ 4 ' OF RASC'//' *%%* EXECUTION
\TERMINATED'/) ) .
, STOP : )
" 132 TMAT(I,K) = ITEMJ -
133 .2 CONTINUE f :
‘o, ¢
' 4
£ e N .
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' GO TO 131 ' -:QNP;
134 IF {K.LT.KDIM3)  TMAT(I,K+1) = 0 « -
135 CONTINUE :

Rﬁae\fN THE S.D. WEIGHTS
=1

140 READ (51,2000) (IWEIT(I,J), J = 1,2)
2000 FORMAT (2I6) , ,

L = IWEIT(I,1)

IF (L.EQ.-999) GO TO 141

N0

SDW {L) = IWEIT (I,2)
“« T I =I+1 - !
IF (I.EQ.86) GO TO 141 v
GO TO 1440
c | .
C READ IN THE DICTIONARY A '
C
141 I =1

READ {99,5000) (ITITLE(I,J), J 1,10)

5000 FORMAT (10A4)

5500 IF (ITITLE(I,1).EQ.'LAST' .OR. T.EQ.KDIM4) GO TO 6000
I =141
READ (99,5000) (ITITLE(TI,J), J = 1,10) 5
GO TO 5500 -

6000 IF (ITITLE(I,1).EQ.'LAST') GO TO 7000

I =14+ 1 _.

READ (99.5000) ITEMP

IF (ITEMP.EQ.'LAST') GO TO 7000
WRITE (OWT(1),6200) XDIM4, KDIM4

6200 FORMAT (///1X, '*** ERROR: MORE THAN',I5,' EVENT',
+, ' LABELS FOUND IN DICTIONARY'/16X, 'FOR
DICTIONARIES', \
+ ' WITH MORE THAN',IS5, ' NAMES,', /16X, 'PLEASE USE',
+ -~ ' A LARGER VERSION OF RASC') '

WRITE (OUT(1),6250)
6250 /’\\1V/FORMAT (///' **** EXECUTION TERMINATED IN',
+ ' SUBROUTINE READIN')
. sToP
7000 N = I - 1 .
WRITE (OUT{1),7500) N :
7500 FORMAT {/1X, 'DICTIONARY:', IS5, ' NAMES WERE READ IN.')

C
C CHECK THE WELL DATA .
C .
IERR = 0 -
IERR2 = 0
— DO 9000 I £ 1,N§

Do 8309 J = 1,N
ITALLY(J) = 0
8300 CONTINUE j
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DO 8500 J = 1,KDIM3
ID = IABS (TMAT(I,J))
IF (ID.EQ.0} GO TO 9000
IF (ID.GT.N) GO TO 8370
IF (ITALLY(ID}.EQ.0) GO TO 8400
WRITE (OUT({1),8340) {NAME(I,X), K = 1,5), ID

8340 FORMAT (/' IN ',10A4,' FOSSIL',I5,' OCCURS MORE
THAN',
" ' ONQE')
“ERR = IERR + 1
“Go TO 8500 "
8370 - . WRITE (OUT(1),8380) (NAME(I,K), K = 1,5), ID
3330 FORMAT (/' IN ',10A4,' FOSSIL',IS5,
+ ' - EXCEEDS LIMIT OF YOUR DICTIONARY')
IERR2 = IERR2 + 1
GO TO 8500
8400 ITALLY(ID) = 1
3500 CONTINUE

9000 CONTINUE
IF {IERR.EQ.0}) GO TO 9200
WRITE (OUT(1),9100) IERR

9100 FORMAT (//' *** ERROR - ON',I6,'.OCCASION(S), AN EVENT',
+ -~ ' OCCURRED MORE THAN ONCE IN THE SAME WELL.'/15X, 'YouU',
+ * MAY NOT REPORT MORE THAN ONE OCCURRENCE OF ANY
FOSSIL', : -
+ ' IN ANY WELL.')

9200 IF (IERRZ2 .EQ. 0} GO TO 9300
WRITE (QUT(1),9220) IERRZ2, N

9220 FORMAT (//' *** ERROR - ON',I6,' OCCASION(S), THERE',
‘ + ' WAS A FOSSIL NUMBER GREATER THAN THE LARGEST' ,
< ¥ ' DICTIONARY NUMBER:',I5) ’
C

C PRINT ORIGINAL SEQUENCE DATA

9300 DO 9340 I = 1,NS
DO 93°0 J = 1,KDIM3
& "J) = TMAT(I,J)
E

9320 CONTI
9340 CONTINUE K
WRITE (OUT\(1),9390)
9390 FORMAT (///' ORIGINAL SEQUENCE DATA')
CALL ECHO (OUT{1)%}
c
IF (IERR.EQ.0 .AND. IERR2.EQ.0) GO TO 9400
WRITE (QUT{1),6250)
STOP
c .
9400 RETURN

END
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SUBROUTINE HPFILT (IC,IOCR,INIQ,IOMAT,UNIT)
c -

C ... SUBROUTINE HPFILT REMOVES FROM THE DATA SET ALL EVENTS WHICH
DO/' :

Ci DO NOT OCCUR AT LEAST "IOCR" TIMES AND RECODES “THE MODIFIED DATA

C WITH CODE NUMBERS RUNNING FROM 1 TO MMAX

C

C ACCEPTS: IC - NDRIGINAL SEQUENCE DATA

c M - THE OCCURRENCE TABULATION

C ' - ¥

C RETURNS: IC -~ NOW, THE FILTERED SEQUENCE DATA.

C Icc - THE FILTERED, RECODED SEQUENCE DATA .
C MMAX - NUMBER OF DIFFERENT FOSSILS REMAINING
C ' -

C CALLED IN MAIN PROGRAMME

C

PARAMETER (KDIM1=24, KDIM3=120, KDIM4=560%5, KDIM5=10,
KDIME=145) :
PARAMETER (MAXCYC=300, MAXUQ=20)
COMMON N, NS, MMAX, ICC(KDIM1,KDIM3), MM(KDIM4), M(KDIM4),
+ RMAT ( KDIMG , KDIMG )
COMMON /BETA/ IUNIQ(KDIM4,2), NUNIQ(KDIM1),
MUNIQ(KDIM1,MAXUQ*2) '
COMMON /TEXT/ NAME(KDIM1,10), ITITLE(KDIM4,10)
COMMON /PESEE/ SDW(KDIM4), IWEIT(KDIM4,2)
INTEGER IC{KDIM1,KDIM3), UNIT
CHARACTER*4 NAME, ITITLE

DO 30 I = 1,NS | g

DO 10 J = 1,KDIM3

| ICC(I,J) = 0

19 CONTINUE
IF (INIQ.NE.1) GO TO 30
DO 20 J = 1,40 :

MUNIQ(I,J) = 0
20 CONTINUE
30 CONTINUE

c
¢ ELIMINATE EVENTS WHICH OCCUR FEWER THAN "IOCR" TIMES
C . ~
DO 60 I = 1,NS v
INDIC = 0 \
K = .1

DO 50 J = 1,KDIM3
ID = IC(I,J)
IF (ID.EQ.0) GO TO 60
IDA = IABS (1ID)
IF (INIQ.EQ.1 .AND., IUNIQ(IDA,1).EQ.1) M(IDA) = ©
IF (M(IDA).LT.IOCR} GO TO 40
IF (INDIC.EQ.1 .AND. ID.LT.0) ID = ID * (-1}
ICC(I,K) = ID '

grr?

1
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K=K=+ 1

INDIC = O
| GO TO 50 _ .
40 IF (ID.GT.0 .AND. INDIC.EQ.0) INDIC = 1
50 CONTINUE

60 CONTINUE
WRITE (UNIT,1000)

1000 FORMAT (//////' SEQUENCE DATA MODIFIED. TO INCLUDE ONLY')
WRITE (UNIT,1010) IOCR *
1010 FORMAT (' THOSE EVENTS WHICH OCCUR AT LIEAST',I3,' TIMES')

CALL ECHO (UNIT)

C SEND, ICC TO ECHO() VIA BLANK COMMON
C
¢ PREPARE TABLES TCQ BE USED IN 'RECODING
C
DO 70 I = 1,N
M(I) = ©
MM(I) = O
70 CONTINUE
DO 90 I = 1,NS
DO 80 J = 1,KDIM3
ID = ICC(I,J)
IF (ID.EQ.0) GO TO 90
IDA = IABS (ID)
M(IDA) = M(IDA) + 1
80 CONTINUE 2
50 CONTINUE '
IF (IOMAT.EQ.1) WRITE (UNIT,1020)

1020 FORMAT (////' RECODE REFERENCE TABLE, OLD CODE V3. NEW
CODE') -
¢ "M" IS USED AS WORK-AREA FOR THE RECODING TABLE

K =1 .
DO 100 I = 1,N
ID = M(I) .
IF- (ID.EQ.0) GO TO 100
M{I) = K ,
IF (IOMAT.EQ.1) WRITE (UNIT,1030) I, K
1030 FORMAT (216)
MM(K) = T
K= K+ 1
100 CONTINUE
IF (INIQ.NE.1l) GO TO 120 - i

Do 110 I = 1,NS
IF "(NUNIQ(I).EQ.1) CALL XUNIQl (I,IC)
110 CONTINUE

MAKE A COPY OF THE FILTERED DATA SET BEFORE RECODING.
{DESTROY THE UN-FILTERED DATA SET)

nnoa

120 DO 128 I = 1,NS
DO 125 J = 1,KDIM3 s
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-
b

3 IC(I,J) = ICC(I,d)
125 CONTINUE
128 CONTINUE ;)

C PERFORM RECODING

MMAX = K - 1
DO 140 I = 1,
DO 130 J = 1, KDIM3

= ICC(I,J)
IF (ID.EQ. 0) GO TO 140 y
IDA = IABS (ID} -
IDD = M({IDA) .
IF (ID.LT.0) IDD = IDD * (=1)
Icc(1,J) = IDD
130 CONTINUE
140 CONTINUE
WRITE (UNIT,1:340) '
1040 FORMAT (////' RECODED SEQUENCE DATA')
C RECODE STANDARD DEVIATION WEIGHT FILE
DO 150 I = 1,KDIM4 -
V = SDW (1)
IF {V.EQ.0) GOTO 150
IDD = M (I)
SDW (IDD) =
SDW (I) = 0
150 CONTINUE
C AGAIN, SEND ICC TO ECHO({)
CALL ECHO (UNIT)
IF (IOMAT.NE.1) GO TO 170
WRITE (UNIT,1050)
1050 FORMAT (///"' CROSS REFERENCE TABLE, NEW CODE VS. OLD
CODE!')
C Y“MM" IS A SERIAL LIST OF OLD CODE NUMBERS
DO 160 I = 1,MMAX
WRITE (UNIT 1060) I, MM{I)
1060 FORMAT (2I6)
160 CONTINUE N\
170 WRITE (UNIT,1070) MMAX
1070 FORMAT (////" NUMBER OF FOSSILS RETAINEDA L I9%)
WRITE (7,1071) MMAX
1071 FORMAT (I10)

iD

v
.

c

Ir (MMAX.GT.1 .AND. MMAX.LT.KDIMG6} GO TO 999
IF (MMAX.GT.KDIM6) GO TO 220 ,
WRITE {(UNIT,1075) -~
1075 FORMAT (///1X, '*** ERROR: TOO MUCH FILTERING DOHE --'

+. ' NO DATA LEFT'/16X, 'RECOMMENDED ACTION: DECREASE',
- + ' VALUE OF "IOCR"'} )

WRITE (UNIT,1090)

STOP ’ -

o~

¥

-
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220 WRITE (UNIT,1080) KDIM6
1088  FORMAT (///1X,'*** ERROR:
(e 14,

357

TOC MANY EVENTS REMAINING

+ ')', /16X, 'CAUSE: NOT ENOUGH FILTERING DONE',
+ /16X, 'RECOMMENDED ACTION: INCREASE VALUE OF "IOCR"
OR', | o
+ /36X, 'USE A BIGGER VERSION OF RASC')
WRITE (UNIT,1090)
1090 FORMAT (///' *** EXECHTION TERMINATED IN  SUBROUTINE
HPFILT') . v -
- . stor
999 RETURN
END
- |l
!
LY
)
L)
L
.
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-
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<



‘KDIM6=

IRCODE (KDIM4),

.10

20

30.

40

1000

SUBROUTINE NORMZ (AAA,LLL,IOMAT,UNIT)-

7N

UPPER TRIANGLE OF "C", EXCLUD®NG THE MAIN DIAGONAL

C 7 .

C SUBROUTINE TO COMPUTE 'Z' (NORMAL) VALUES OF FREQUENCIES
C ' :
C c{1,J)

C mmmmmmememe e FROM CUMULATIVE ORDER MATRIX.

c C(I,J) + ¢{J,I) '

c

,C ACCEPTS: C - CUMULATIVE ORDER MATRIX

C RETURNS:

:C :

C CALLED IN MAIN PROGRAMME.

C

PARAMETER (KDIM1=24, KDIM3=120, KDIM4=605, KDIM5=10,

145)
COMMON N, N&,

C{KDIM6,KDIMG) -

MMAX, IX(KDIM1,KDIM3), TICODE(KDIM4),

COMMON /PESEE/ SDW({KDIM4}, IWEIT(XDIM4,2)

INTEGER UNIT

DATA CONST/9.0/, TAILL/0.05/, TAILR/0.95/ . /
DO 40 I = 1,MMAX

K=1+1

DO 30 J = K,MMAX

SDW(I) / 10000
SDW(J) / 10000
S1 * Sl

2 * S2

S3 + S4

SRCL = RCL1 + RCL2
S6 = SQRT (85)
IF (SRCL.EQ.0.0)
QRCL = RCL1 / SRCL
IF (QRCL.LE.0.O
CALL FTOZ
C{I,J) = Q%
GO TO 30

.OR. QRCL.
(QRCL, $6,0X)

GO TO 20

GE.1.0) GO TO 10

IF (QRCL.EQ.1.0)

~(QRCL.EQ.1.0)
F {QRCL.EQ.0.0)
F (QRCL.EQ.0.0)

C(I,J)
C{J,I)
c(1,J)
Cc(J,I1)

S n

TAILL * SRCL

TAILR * SRCL

GO TO 30
c(I,J) =
CONTINUE
CONTINUE - .
IF {LLL.EQ.0 .OR. IOMAT.NE.1)
WRITE (UNIT,1000)
FORMAT (////'

;o

CONST

J

UPPER TRIANGLE OF NORMAL

GO TO 60

Z VALUES') -

. .
i
Y
;
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J

DO 50 I = 1,MMAX
WRITE® (UNIT,1001)

1001 FORMAT (///)
WRITE (UNIT,1002) (C(X,J), J = 1,MMAX)
1002 FORMAT {1X,.15F8.3)
50 CONTINUE )
60 RETURN - . .
END - ' :
‘Wy
)
iy 3"
”'ﬁk_J
] —A\“
/{l‘_ ~” f
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SUBROUTINE FTOZ (P,S56,2P)
SUBROUTINE TO COMPUTE Z FROM FREQUENCY. EQ. 2b6.2

ABRAMOWITZ, M. AND §TEGUN, I.A. . (EDITORS )
"HANDBOOK OF MATHEMATICAL FUNCTIONS

- WITH FORMULAS, GRAPHS, -AND MATHEMATICAL TABLESY

PUB. BY NATIONAL BUREAU OF STANDARDS OF THE
U.S. DEPARTMENT OF COMMERCE, 1964.

CALLED BY SUBROUTINE NORMZ

,
DATA €0/2.515517/, C1/0.802853/, CZ/Q.010328/,

+ D1/1.432788/, D2/0.189269/, D3¥d.'001308/
Fd
Q =P ’
IF (P.3GT.0.5) = 1.0 - P *;///
TT = ALOG (1.53/ (@ * Q))
- T = SQRT (TT) A o
UP = CO + (CL * T) + (G2 * T * T) -
DN = 1.0 + (D1l * T) '+ (D2 * T * T) + (D3 * T¥%3)
- ZP = T. - (UP / DN) . }
ZP = 2P * S6 - i
IF (P.LE.0.5) 2ZP = -2P  * * ;-
TURN ' ' N
AEND '

x

LY

Y ) 3
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APPENDIX C
FREQUERCY DISTRIBUTION PLOTS

OF THE EVENTS OF THE SCALED OPTIMUM SEQUENCE
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EVENT NUMBER i? :ASTERIGERINA GUl_!ICHI"
31 Difference batueen expected and obsarved event position
for wells ordered from North to South
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EVENT NUNBER 569 :SYSTEMATOPHORA ANCYREA

31  Difference betuesn expected and observed event position
for wells ordered from North to South
24 .
1'_ wt
Lol jmi ot ) o
T T Uuu [T T 13 South
-1
-2
-3| T\ Event Position FI  Mean Variance Skeuness Kurtosis
569 1.264 14 -8.129 8.894 ~1.199 -1.875
8 Histogram of distribution
6
4
2
. } — e
-1.5 -1.1 -.7 -.3 88 3 7 1.1 1.5+
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EVENT NUMBER S52 :SPINIFERITES PSEUDOFURCATUS
31  Differsnce between axpected and observed event position
for uells ordered from Horth to South
24
1....
North ¢ T Ll * T = South
-1 ,
-2_- *
-3 Event Position Fi  Mean Uariance Skewnsss Hurtosis
] 552 1.283 -7 -8.134 0,89 -0.856 -2.255
8 -Histog;ram of distribution
6} i
4
T A2 T T T T T ¥ - T : T . T T T T T
-5 -1 -7 -3 88 .3 .7 1.1 1.5
" EVENT NUMBER 346 : CORDOSPHAERIDIUN CANTHARELLUM
3 Difference betueen expected and observed svent position
for uells ordered from North to South
24 L
14 .
North I_I — - £ South
oy ] U
-2 1 \
3] Event Position Fi Hean i!arian'cc Skeuness Kurtosis
346 2,818 8 -p.pBsd 8.325 -8.977 9.243
8 [ Histogram of distribution
b
A
41
2 ]
S e o e e O Y e S
-5 -1.1 -7 -3 89 .3 711 1.5+
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EVENT NUNBER 15 :GLOBIGERINA PRAEBULLOIDES

3]  Difference betueen expected and observed event position
for wells ordered from North to South
z4 : .
14
North ﬁ'-'-'l_]L;lrj[—“_] LJH umﬂuuuuu South
-t U L
-2
3] Event Position Fi Hean Variance Skeuness Hurtosis
15 2.344» 28 -8.126  B.248 -1.268 9.838
8 Hi&togram of distribution .
6 >
4
2
-1.5 -1t -7 -.3 68 .3 .7 1.1 1.5+
EVENT NUMBER 26 :UVIGERIMA EX. GR.MIOZEA-NUTTALI
31 Difference betusen expected and observed event position
for uells ordered from North to South
21

1--
.HA_HW_@_MH
M

CT Scuth

Event Position Fi Hean Variance Skeuness Hurtosis
26 2.682 12 9.151 8.231 1.597 8.860

Histogran of distribution

On

+3 .7 1.1 1.5+

-1.5 -1.1
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EVENT MUMBER 377 :DEFLANDREA PHOSPHORITICA

31 Difference betueon expectad and observed svent position
. ~ for wells ordered from North to South
+ Sy A
. 2 ;i'f:‘:"":-."-ff:— .
1o ]
North ] 5 I I AR ﬂ -t ﬂ South
_1 T .
_2 1
-3 | Event Position Fi Hean Variance Skewnsss Hurtosls \—\‘-’
37r 2.978 U 8.151 a.818 8.529, -1.499. -
( - N ‘ . ~
8 Histogramn of distribution
6
SN T I T T S A
-1, -1.1 -7 -.3 88 .3 Y A 0 | 1.5+ ¢
EVENT NUMBER 24 :TURRILINAALSATICA -
31- Difference betusen expected and ohserved event position
for wells ordered from Horth to South
- 2l
vo1r .
' I = i
North == ﬁl_]'_‘[_h_' n B South
-1
-2
-3 Event Position Fi Mean Variance Skeuness Hurtosis
24 3.113 14 8.224 B.186 1,558 -0.211
8 Histogram of distribution
6 " .
4
2

-1.5 -1.1 -~.7 3 e .3 7 1.1 1.5
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" EVENT NUMBER 259 :AMMODISCUS LATUS

3l Difference betueen expected and obssrved event poSiiinn
for wells ordered from North to South
24
1--
North T 1—' el s DE_IHL__J ___I—l‘__‘ +—South
-1
-2 '
-3 ] Event Position Fi Hean Variance Skeuness Kurtosis
) 259 3.442¢ M B.174 ~ 0.895 483 -B.6S6
>
8] Histogram of distribution
6 1]
.
4 '
2
-1.5 -1.1 -7 -.3 88 .3 .7 1.1 1.5+
)

EVENT NUMBER 82 :GLOBIGERINA LINAPERIA

31  Difference batueen expected and observed event position
for wells ordered from North to South
24
1....
North b btk S et Squth
_1 | ]
-2
=31 Event Position Fi Hean Variance Skeuness Kurtosis
g2 3.593 7 -B.es1 8.857 -2.129 3.329

8 Histogram of distrikution

& {

4

| .

-1.5 -1.1 -.7 -.3 8 .3 .7 1.4 1.6+
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EVENT HUHMBER 487 :CRIBROPERIDINIUM GIUSEPPEI

3l Difference batween expected and observed svent position
for uells orderad from North to South
2
S N
North =Rty South
BT O
-2
L _ 7 \ _
-3 Event Position Fi fean Variance Skeuness Kurtosis
- 487 3.614 7 -9.820 8.749  B.874 -0.485
8 Histogram of distribution
) -
6
o
4
Ll .
¥ ;
2 ‘//’ ‘ o
] S T Y A
‘.5 -11 -7 -3 88 .3 .7 L1 LG
!
Ll
[-‘ -
‘ EVENT NUMBER 591 ;UETZELIELLA ARTICULATA’
31 Difference betuween expected and obssrved event position
for wells ordered from North to South
24 .
|
m=n [—I
Morth e ] LJ South
o) L]
~2
. R
-3 | Event Position F1 = Mean VUariance Skewness Kurtosis
c91  I.741 9 8.164 0.477 B.8B6 -B,948
8] Histogram of distribution
6/ - F
4%
2.4
L. N T S S N Y
-1.5 -1i.1 -7 -.3 6898 .3 .7 1.1 1,5¢
. 7

T

LEA TN
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EVENT MUMBER 33 ;TURBOROTALIA POMEROL

"3J1  Difference betucen oxpected and observed event position
for wells ordered from North to South )
21 .
1+ ‘ \
] = .
North - = | ] Tt * * LJ South
) L
-2
-3 Event Position Fi Hean Variance Skeuness Nurtosis
33 3.768B ? 8,855 8.535 8.783 -1.419
8 Histogram of distribution
6
4
2
S N N ) Y Y N
-1.% -1.1 -.7 -3 88 .3 7 1.1 1.5+

EVENT NUMBER 85 :PSFUDOHASIIGERINA MICRA
3L Difference batueen expected and observed event position
for uells ordered from North to South ’

1+ l—l ' )
ia) e

North T T -
_1 [] TT]
-2
3] Event Position Fi Hean ' Variance Skeuness Nurtosis

85 3.868 8 -B8.85% 8.428 8.279 -1.266

8 Histogram of distribution

-1.5 -1.1 -7 -3 68 1.5+

T A eame
.3‘.7‘ 1.1
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EVENT MUNBER 398 :DIPHVES COLLIGERUN

3. Differance botween oxpected and obzerved event position

for wells ordered from North to South

North * g * rT South
-1 U . LI | | U |

~
2|
=31 Event Position Fi ~ Hean Variance Shewne® Kurtosis
. 399 3.894 8 -8.845 B.664 -B8.389 -1.879
8] Histogram of distribution
" b
41

L4

2
.‘mﬂ.!—lm.ﬂ
-.3 Ba .3 .7 1

-1.5° -1.1 -7

.1 1.5+

*

EVENT NUMBER 29 :CYCLAHHINA AHPLECTENS

3L Difference hetuean expected and observed event position
for wells ordered from Horth to Scuth
24
1..-
S R wa I 0 IO o
North T | = T e South
-1 U L=
-2
AN
-3 Event Position Fi Hean Variance Skewness Kurtosis
29 3.918 19 - -0.858 8,185 -8.847 8.259
8 Histogram of distribution
6
4 ¢
2

1.5 -t.1 -7 1.1 1.5+
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A .

EVENT NUMBER 298 :APECTODINIUNM HOMOMORPHUN

3. Differgnce batueen expected and observed event position
r ‘ for wells ordered from North to South .
24
1 0o 0
North T4 7 * s * §outh

s ] T
-2
-3 Event Position Fi Hean Variance Skeuness Kurtosis

298 4.335 9 -8.89% B.366 -9.3i18 -1.361

8 Histogram of distribdtion
61
4 %
2 - | B
‘11'||L|,_,
— Pt :
-1.% -11 -.7 -.3 98 .3 .7 1.1 1.5+

s

EUVENT NUMBER 86 :TURRILINA .ROBERTSI

’

-1.5 -11 -7

3l Difference betueen expected and observed event position
for wells ordered from North to South
24
1-...
‘North ﬁu’_' mar | man - I—I + South
-1
-2
-31_ Event Position Fi ﬂénﬂ Variance Skeuness Kurtosis
86 4.589 B 8.893 B.132 8.993 -8.282
L ’ . - -
8 Histogram of distribution
6
4
2
ll|ll
: -.3

ga .3 .7 1.1 1.5+
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EVENT NUMBER 98 :ACARININA DENSA

3L Difference betwean mxpected and obsarved event position
for uells ordered from North to South
24
1-_
North 1—— L] B = = ma =1-South
-1 :
..2 |
-3 Event Position Fi Hean Variance Skeusess Kurtosis
98  4.554 9 B.B1? 8.853 1.585 2.379
8| Histogran of distribution
6] !
4
2 .
T T T r T + ¥ .. v T v Y
-1.5 -1.1 -7 -3 88 .3 .7 1.1 1.5+
EVENT NUHBER 57 :SPIROPLECTAMMINA SPECTIABILIS LCo
al Difference betueen expected and observed event position
for uells ordered from North to South
.24
1_- H H
North + l_ll_l[—]r_lul_l UI_’[_“_-‘ _r—ll_] South
1 L
_2 |
-3 Event Position Fi Hean Variance Skeuness Kurtosis
57 4.744 17 8.243 B.322 1.297 8.357
| .
8 Histogram of distribution
6
4
]
-1.% -1.1 -7 -.3 88 .3 .7 1.1 1.5

-
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EVENT MWMBER 93 :ACARININA AFF. BROEDERMANNI
3L  Difference betuesn expected and observed event position
for wells ordered from Morth to South
23-- . N ]
1 -+
North =L = Sl South
~1
—
-3 L Event Position Fi * Nean Variance Sheuness Kurtosis
93 4.972 ? 8.1 8.8 1.889 -8.586
8|4 Histogram of distribution
)
4 4
2
-1.5 -1.1 -7 -3 @8 .3 .7 1.1 1.5+
1 - ' . Ny
EVENT NUMBER 58 :SUBBOTINA ‘PATAGONICA
3.1 - Difference betueen expected and observed event position
for uells ordered from North to South
21 .
1 -
Nerth ,1_[__\_\1 e - e L = South
-1
_2 1
-3 Event Position Fi Hean Uaria.nce Skeuness Kurtosis
58 5.882 11 8.189 8.848 1.588 -0.887
A —
8 Histogram of distribution
6
1
2
-5 -11 -7 -.3 8 .3 7 11 1.5+
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EVENT MUMBER 393 :DRACODINIU CONDYLOS o

4 Difference batwesn expected and observed event position
for wells ordered from ilorth to South
- _rj y rq L] T * _ ~South
T ~
J_ Event Position Fi ean Variance Skewness Kurtosis
. 393 6S5.i86 7 8.279 8.183 1.768 -8.578
Histogram of distribution
~
-1.% -1.1 -7 -.3 8 .3 . .7 1.t 1.5+
EVENT NUMBER 326 :CERATIOPSIS SPECIOSA
. Difference betueen expected and observed event position
for wells ordered from North to South
* ma| Southx
+ - )
N Event Position Fi Hean Variance Skeuness Hurtosis
i 326 5.383 9  B.434 0.549  2.688 5.627
- Histogran of distribution
,llr—ﬂj S——
-1.5 -1,1 -7 -3'®m@ .3 7 L1 1.5+
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EVENT MUMBER 56 :GLOMOSPIRA CORONA

3L Difference betuzen expected and observed event position
R for uetls ordered from North to South
e 24
iy 14 , ’ ] [1
) ‘ North mﬂmﬂﬂﬂ Cle—, ] [l m South
-1
-2
-3 ] Event Position Fi Hean Variance Skezuness Nurtosis
56 5.845 15 9.477 8.350 1.495 -B.998
B Histogram of distribution
6
4
2
-1.5 11\7 -.3 8 .3 7 1.1 L5
few - -
EVENT NUNMBER 512 :PALAEQPERIDINIUNM PYRGPHORUIt
31 Difference betueen expected and observed event rosition
for wells orddred from North to South
24 ) -
AR ]
North = AL g [1 : South
k | )
_2 !
‘3_T, Event Position Fi Hean Variance Skeunesé Kurtosis
512z 6.882 9 8.592 8.698 1.838 B.388
8 Histogram of distribution
6
4
2 .
1.5 -1.1 -7 -3 @ .3 .7 11 1.5
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EVENT NUMBER 55 :GAVELINELLA BECCARIIFORNIS
31 Difference hatueen expected and observed event position ,_fJQ>
\d/J for wells ordered from North to South
24 ) - .
1+ (1 '
North == I_N_I [_I[—] H -t |_I South
-1
‘ -2
-3 Event Position Fi Mean Variance Skewness Kurtosis

55 6.198 9 B.487 8,341 1,515  -1,394

8 Histogran of distribution
6 -
4 - ’
2
—_— ] I —
-1.5 -1.1 -7 -.3 88 .3 A T | 1.5+
) ~ 7 SN~
. . L4
P
o EVENT NUMBER 283 :PINUS
' 31  Difference betusen expected and observed cvent position
for wells ordered from Horth to South
2+
1.-.-
North ; South ‘
" TP e T TR
-3 ,.deent Position Fi flean  Variance Sheuness Rurtosl's
283 B8.989 15 -8.978 1.886 -1.233 -1.911
8 Histogram of distribution A
‘6 ’_—
4
2 |

-1.5 -11 -7 -3 8 .3 .7 1.1 1.5



3
S
+ 376
EVENT NUMBER 77 :ELPHIDIUN SPP.
31  Differsnce botween expected and observed svent position
' for wells ordered from North to South
2 3
1..—
+—South

T IO

..2-
-3 Event Positfon Fi Hean Variance Skeunsss Hurtosis
T 77 8.229 8 -B.834 8.878 -1.3% -2.139
8 Histogram of distribution
)
4
2
' — i l ———— r
-1.5 -1.1 -7 -3 8 .3 71t 1.5+
EVENT MUMBER 293 :TSUGAFPOLLENITES INGNICULUS
34 Difference betueen expectdd and pbserved event position
for wells ordered from North to South
24
1+ i
North T+ T * * | * South
TP T O T
2 .
=37 Event Position Fi Hean Uariance Skeuness Kurtosis
293" '8.2%8B 14 -p.711 8.621 -1.318 -1.664
8 Histogram of distribution
6
4 ¥
2‘ H

-1 -7 -3 88 _.3 .~ .7 11 1.5
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EVENT NUMBER 228 :CASSIDULINA TERETIS

L Difference betwesn expected and observed event position
for wells ordered from North to South
U'_I N L_IU oy U l—l South
| Event Position Fi tlean Uariancé Sgcuness Kurtosis
228 0.380 7 -B.698 . B.646 -1.478 -2.144
Histogram of distribution
-1.5 -t.1 -7 -.3 @ .3 i 1.1 1.5+ -
EVENT NUHBER 18 :UVIGERINA CANARIENSIS
+ Difference betuween expected and observed cvent position
for wells ordered from North to South
) |_]|_|‘ UUUUuU [_;U South
1 Event Position Fi Hean Variance Skeuness Hurtosis
18 8.85%4 11 -3,523 §.388 ~-1.55%5 -§.068
| Histogram of distribution
]

-1.5 -1t —;f -.3 88 .3 7 1.1 1.5+
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EVENT RUMBER 276 :ABIES ‘

3.4 Difference betwesn oxpected and ohserved event position
for wells ordered from North to South
2L
1+ B
|y | fvw | — + o
Horth e y * South
L4 L
..2 1
-3 Event Position Fi  Hean Variance Sheuness Kurtosis
276 B8.924 8 -B.Z78° B.466 -2,741 6.537
8 Histogran of distribution
6
| .
) ;
_lll‘,_
-1.5 -1.1 -7 -3 @8 .3 .7 1P 1.5
- P
EVENT NUMBER 5B1 :OPERCULOPINIUM CENTROCARPUN
3L Difference hetueen expected and cbserved event position
for wvells ordered from North to South
24
1+
North UI_'UUU * Ll T3 S2—Sauth
-1 * .
-2 1
-3 Event Position Fi Hean Variance Skeuness Kurtosis
51 1.379 11 -8.898 B.134 -1.413 8.886
8 Histogram of distribution
6
7
4
]
2
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EVENT NUNBER 282 :OSMUNDACIDITES DA

& 3l Difference betussn expected and observed event position
for wells ordered from North to South
2l : _ ]
1--.
Morth L—I-HL_IF—' r_‘u‘—'-' T " ﬂ South
4| U
-2
3] Event Position Fi _ Hean Variance Skeuness Kurtosis
282 1,391 13 -B.899 B.124 -1.870 8.597
8] Histogram of distribution
6 -
8 \
4
2.
L ' .
— e ra :
-1.5 -t1 -7 -3 @8 .3 .7 L1 1.5

EVENT NUHBER 316 :RENIKOGN DA

31 Difference betueen expected and observed event position
for wells ordered From North to South
21 -
1-- .
1 v P ™/
North T T *—South
ST ]
-2
-3 ] Event Position Fi Hean  Varjance Skeunesz Kurtosis
316 1.546 18 -8.233 B.261 -1.588 B. 188
8 Histogran of distribution
61
4
2 —
T T T




v »

EVENT NUMBER 433 :HYSTRICHOKOLPONA RIGAUDIAE

34 Bifference betuween axpected and observed event position
for wells ordered from Horth to South
24
BN
Harth LA =L U T South
-1
-2
-3 | Event Position-Fi— flman Variance Skeuness Kurtosis
433 1,685 12 -B.118 8.397 -1.477 8.258
8 Histogram of distribution
6
4 L
A
-1, -t1.1 -7 -.3 8 .3 .7 1.1 1.5+
EVENT NURBER 16 :CERATOBULIMINA COMTRARIA
3L Difference between expected and observed event position
for uells ordered from North to South
24
1 -
North 7 South
-1
-2
-3 ] Event Position Fi Hean Variance Skeuness Hurtosis
16 1.617 28 -8.281 8.215 -1.,321 8. 188
8 Histogram of distribution
6
X
4 —n
2 I
=Rl

-1. -1.1 -7 -.3 e .3 .7 1.1 1.5+
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EVENT NUMBER 279 :BOMBACACIDITES DA
31  Difference batueen expected and observed event position
for wells orderad from North to South

24 . \‘ .

ﬂorth M EJ N T LJ (s Lo~ South

-3 Event Position Fi Hean - Variance Skewness Hurtosis
T 279 1.668 11 -B.B11  0.249  8.827 -B.478

8 Histogram of distribution

-1.5 -1.1 -.7 -.3 88 .3 .7 1.1 1.5+

EUENT NUMBER 287 :PODOCARPIDITES DA

34 Difference hetueen expected and observed event position
for uells ordered from North to South
24
L -
North l—"-"""L.JD e T . o South
-1 U
-2
-3 Event Position Fi ° Mean Varifance Skeuness Kurtosis
287 1.688 11 - -8.891  B.169 -1.287 8.586

B Histogran of distribution

6

4

2

-5 -1t -7 -.3 8 .3 .7 1.1 1.5¢
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EVENT NUHBER 478 :LINGULODIMIUM HACHAEROFHORUN
3]  Difference betusen expected and obssrved event position
for wells ordered from North to South -

ﬂ' T I—l r_'ﬂ l—llh' -—IHSouth
=P H T :

~2 |

-3 | Event Position Fi ftean Variance Skewness Hurtosis
478 1.722z 16 -9.89%  B8.482 -B8.482 -1.374

8} Histogram of distribution y \

6

41

24

e [ ]|

— — —r
-1.5 -1.% -.7 3 .7 1.t 1.5+

EVENT 'NUMBER 379 :DEFLANDREA SPINULOSA (REUORK}ED;

3l Difference betueen expected and observed event position
for wells ordered from Horth to South
24
1 .
- [ [ [ -
North — * T3 T * *— South
_1 N T 7]
-2
-3 ~ Ewvent Position Fi flean  Variance Skewness Kurtosis
T 39 1.799 7 -8.141 8.426 -B.972 -1.165
8] Histogram of distribution
6
4
2 .
f_le'l

-5 -ttt -7 -3 @8 .3 .7 1.1 1.5+



EVENT MUMBER 67 :SCAPHOPOD SP. 1

3L Difference between expected and cbserved event position
. ' for wells ordered from North to South
2.4 !
1+ »
Horth et Dl South
1 UL
_2-
-3 | Event Position Fi . Mean Variance Skewness Hurtosis
L 67 1.847 8 -8.157 8.899 -1.925 1.862
B8l Histogram of distribution
]
6
q
L
-1.5 -1 -7 -3 8 .3 .7 1.1 1.5¢
EUENT NUMBER 71 :EPISTOMINA ELEGANS
i Difference hetueen expected and observed event position
for wells ordered from Horth to South
24
1+
. =10
North * * == South
o ULJ [T 1T ™
-2
-3 Event Positian Fi tlean VUarjance Skeuness Kurtosis
71 1.937 11 -B.236 8.485 -1.363 -B.164
8- Histogram of distribution
6
4
Lo d b e
T T T T T T La T | T T L T s
-1.5 -1.1 -7 -.3 e .3 .7 1.1 1.5+
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EVENT NUNBER 18 :SPIROPLECTAMMINA CARIMATA

3_% Difference hetueen expected and observed event position
for uells ordered from North to South
2+ . '.
1 .
Ji]rj ol =
North T * | T South
ST [T oo
-2
-3] Event Position Fi Mean ’Uariance Skeuness Kurtosis
18 1,978 28 -8.135 8.268 -9.994 -B.174
8 Histogram of distribution
6
4
2 F—
—tme R o :
-5 -11 -7 -3 @9 .3 .7 1.1 1.5+
EVENT NUMBER 338 :CHIROPTERIDIUM HESPILANUN
3L Difference betueen expected and ohserved event position
for wells ordered From North to South
24 £
y 1T
. nl - — e
larth l_l * == | * — —South
-1 . i
-2
43'_ Event Position Fi flean  Variance Skeuness Kurtosis
338 1.986 11 -8.181 8.345 -1.693 3.241
8| Histogram of distribution
B
4 ‘
2
I S ’ I l l 1
-7 =3 8 .3 .7 1

-1.5 -1,1 .1 1.5+

- ' )
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EVENT MUNBER 525 : PHTHANOPERIDINIUN COMATUN (REUORKED)

3-% Difference batuesn expected and observed event position
for uells ordered from Horth to South

24 ..

1+ ,_I )
irth [1 “ rwrj T l * LJ ; South
-1 s U ™~
AL \\—J

-2 | . .

-3 ] Event Position Fi Mean Variance Skewness Kurtosis

525 2.84p 8 -8.804 8.615 -8.489 -1.397°

8] His}ogram of distribution

Y e s OO o o

15 <11 -7 -3 e W37 11 1

~ EVENT NUMBER 371 :DAPSILIDINIUN PASTIELSI]
3L Difference hetumen expected and ohserved avent position
£ for wells ardered from Nopzh to South

I

1 -

™~

[0 O

North
-1

|
-
|

9!
-3_[ Evcnt_Position Fi ftean  Uariance Skeuness Kurtosis
) 371 2.8t i -p,g57 B.351 -1.172 1.815

8 Histagram of distribution

o ..[—f!!qﬁ,

1.5 -1.1 -7 -3 @ .3 .7 1.1 1.5+
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_ EVENT NUMBER 21 :GUITULINA PROBLEMA
3.L Difference batueen expected and observed event position
for wells ordered from North to South

2.4
1..._
W e ol
| mar gy e == T I South
.4 [
—2‘
- ' ,
-3 Event Position Fi flean Variapce Skeuness Kurtosis
21 2,153 11 -8.832 8.841 -B.558 . -8.389
al " Histogran of distributicn
[ ! .
&
4
|
Z |
— el
-1.5 -1t -7 -.3 88 .3 .7 1.1e 1.5+
)
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EUENT\ NUNMBER 2B :GYROIDINA GIRARDANA
3l Difference betuween expected and observed event position
for wells ordered from North to South
2__ Y
1....
l_'l 'mf—"! l_l o
Horth oty == I e e o ==""—South
1 L L -
-2 -
-3 Event Position Fi Hean  Variance Skewness Nurtosis
280 2.249 8 -p.85H 8.188 -8.811 8,922
8 Histogram of distribution ,
6
4.
> -
T T T T L~ T T ! T 4I T T T
-1.5 -1.1 -7 ] '-.3' B8 .3 .7 1.1 1.5+
EVENT NUHBER 522 :PHTHAMOPERI DINIUM
3.l Difference hetueen expected and observed svent Position
' for wells ordered from North to South
24
1-.-
North I_L"U [_[l—l '—,U ) South
¥ | U
- =2
H
-3 Event Position Fi fMean Variance Skeuness Kurtosis
) 522 2.285 18 -B.862 8.366 -8.279 -1.201
& .
3] r Histogram of distribution
6 el
4 v
2t '
F‘aHl—*ml_l
-1.5 -1.1 -.7 -.3 B .3 .7 1.1 1.5+



EVENT NUHBER 431 :HYSTRICHOKOLPOHA CINCTUM (REUORKED)

il Difference betueen expected and observed event position
for wells ordered from North to South
24
| S R
North | LJ = South
- L
-2
-3 Event Position Fi Hean Uariance Skeuness Ku Lasis
431  2.296 7 -b.384 1.848 -1.988 3.515
] Histogran of distribution
- 6
4
- 2 "‘.
O Y A Y |
1S -1t -7 -3 88 .3 .7 L1 1.5
!
EVENT NUMDER 78 :aLABANINA SCITULA
3.1 Difference hetueen expected and observed evenmt position
for uells ordered from North to South
) 2.4
1....
¢
North e = Scuth
o1 L]
-2
-3 Event Position Fi Hean  Variance Skeuness Kurtosis
"B 2.355 8 =B8.665 B.845 -2.825 2.449
8 Histogram of distribution "
6
4 -
2 —*—(__]
-1.5 -1.1 -7 -.3 88 .3 7 1.1 1.5+
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EVENT NUMBER 448+: IHPLETOSPHAERIDIUN TRANSFODUN
3l Difference between expected and observed svent position
Tor uells ordered from North to South

. i Rl ~<——Sauth
- UU U ' ) fﬁ"‘"" '

Event Positiaon Fi Haan Uar{ancn Skeuness Kurtosis
' 448 2.58B8 8 - -p.160 B.839 -B.741 -1.483

1 ]
Histogram of distribution

}J
-

'
—
u
’
—
—
t
-~J
L]
w1
<
o
w
-3

1.1 1.5+

»

EVENT NUHBER 312 :AREOSPHAERIDIUN PECTINIFORNE C(REUORKED)
3. Difference betueen expected and oliserved eoent pasition -
i for uells ordered fron North te South

T South

f_’zrl- ﬂﬁﬁﬂ' '

t
) ' L}
x

Event Pasition Fi Hean Uariance Skeuness Kurtosis - \_,,/)
312 2.785 8 -8.814 1.371  -1.382 8. 184

Histogram of distribution

&

e NN
. .3 2] .3 LT 1.1

1.5+
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EVENT NUMBER 69 :HODOSARIA CF. ELEGANTISSINA

KR Difference botueen expected and observed avent position
for wells ordered from North to South
21 .
1-- -
L
North = [1. 01T rl '_]'—Il._l South
-1 L ] ]
-z 1
-3 | Event Pasitioﬁ Fi Mean Variance Skeuness Kurtosis
. 69 3.i18 11 8.841 Bp.372 -8.457 -1.558
gl Histogran of distribution
6
%
4
2 ﬂ
-1, -1.1 ~-.7 -.3 88 .3 .7 1.1 1.5+
EVENT NUMBER 84 :GLOBIGERINA YEGURENEIS :
31 Difference betueen expected and ‘observed event position
for uells ordered from North to South
2+ . %
1.«.
Horth ! — l_]‘—‘uu [] | South
..1 .
A4 ’ . L
_2 ’ f
-3] ‘Event Posgition Fi Hean Variange Skeuness Kurtosis
B4 3.635 ? -8.351 B.163 -1.477 -2.146
8 Histogram of distribution
6 .
4
2 l—l
| L
-1.5 =11 ~-.7 -.3 88 3 ? 1.1 1.5+
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EVENT NUMBER 25 :COARSE AREMACEQUS SPP.

31 Difference betueen expected and observed event positioﬁ
for wells ordered from North to South
21 .
L
rwrw = [ 1] = r] 1 :
North =T T == g South
-1
--I
-2
=31 Eveut Position Fi Hean Variance Shewness Hurtosis
' 25 3.137 19 B.178 8.156 1.462 0.862
B8 Histogram of distribution
6
4
2
! - i .
| i
-1, -1,4 -7 -.3 88 °.3 A TS S 02 '
EVENT NUHBER 27 :EPONIDES UMBONATUS | ' 3
3L Difference hetueen expected and ohserved event position
for uells ordered Fron NHorth te Scuth 4
24 " '
. i)_ -
4+ (1 . . -(T'
Morth LJ L1 _ er_] T3 ! South o )
._1 -
-2
-3__ . Event Position Fi Hean VUariance Skewness Hurtosis N
27 3.338 1B 8,223 8.399 .94 -B.412 ’
F . .
8 . Histogram of distribution
6l . ' ' '
- .
L ' ’ .
4 _ : , P
21 ' : | ! ; N
.1 T T T o T ‘r T T T L) T T T * '
-1.5 -11 -.7 -,3 8 .3 .7 1.1 1.5+

‘H\‘

‘\‘\,A/\\‘



392

EVENT NUHBER 416 :GLAPHROCYSTA EXUBERANS

31 Difference hetueen expected and observed event position
for wells ordered from North to South
24
14 r} .....
. Narth m | [1 T L South
-2 o
-3 Event Position Fi tean VUariance Skeuness Hurtosis
416  3.578 8 8.881 1.929° -0.493 -0.981
:
8 Histogran of distribution
b
q.
]
J
z.
L] I I | [
-1,5 -1.1 -7 -3 @ ‘.3 7 1.1 1.5
EVENT NUHBER B1 :GLOBIGERINA VENEZUELARA
3l Difference hetueen expected and obhserved event position B}
for vells ordered from North to South
24 | J
11 . L H
North ur—lf"l M = Hrl - South
..1 s
-2
-3| ° Event Positlon Fi Nean Variance Skewnmss Hurtosis
81 3.612 18 B.223 89.338 1.588 8.288
8  Histogram of distribution
6
41 o
...-!'_!'i.!.;lil_!,
-1, ~-1.1 -.7 -.3 @ .3 71a 1.5+ )
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EVENT NUMBER 261 :HAPLOPHRAGHOIDES UALTERI

3]  Difference betuesn expected and observed event position
for ualls ordered from North to South
24
1 o % -
] o ||
North ‘-‘-’I_luu | A R B A South
-1
-2
-3 ] Event Position Fi Hean Variance Skeuwness Kurtesis
261 3.645 15 -B.B78 8.859 -1.137 8.658
8 . Histogran of distribution
]
: |
1
2 ]
| l
-1.5 -1.1 -7 -.3 8 .3 .7 1.1 1.5+
N
EVENT NUHBER 34 :NMARGINULINA DECORAIA
3l Difference hetueen expected awd ohserved event position
For vells ordeved fronm Nerth to South
2+
1 :
| [l
North i * South
4| L L L
-2
-39 Event Position Fi tlean  Variance Skeuness Kurtosis
34 3.658 14 -0.128 8.196  -8.83¢ -0.746
8 Histogram of distribution
6
4
2

T[— -

-1.5

-1.t -7 -.3 e8 .3 7 711 1,5+
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EVENT 'NUMBER 593 :UETZELIELLA OVALIS
3,  Difference hotueen expected and observed event position
for wells ordered from North to South

-3 " Event Position Fi Bean Variance Skewness Hurtosis
593  3.67% 9 0. 148 1.975 8.911 °  B.48%

8 Histogram of distribution

A N s I e A

-1.5 -1.1 -.7 -.3. 8 .3 .? 1.1 1.5+

EVENT NUMBER 48 :BULININA ALAZANENSIS

3. Pifference hetueen expected and ohserved uvunt'pusi:ion
' for vells ordered fron Morth to South
24 >
3 . -
1=
W - .
Morth y South
o ] [T
-2
-3 Event Position Fi Mean Variance Skeuness Kurtosis

489 3.829 7 -8:185 B.276 -0.845 1,681

B 1 . ‘Histogram of distribution
o
1 7
2
II_IFT—!F—I |

-1.5 -1.1 -.7 -3 8 .3 7 1.1 1.5+
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EVENT NUMBER 263 :AMHOBACULITES AFF. POLYTHALANUS

3L Differsnca betwesn expected and observed svent position
for wells ordered From North to South
24 -
S S ' :
North Ll —y 1_|L]U L] ) ""'-——-l_"_’ml___l South
-1
-2 "
-3 | Event Position Fi Hean Variance Skeuness Kurtosis
- 263 3.848 13 B.B841 B.165 8.268 -1.883
8| Histogran of distribution
6 .
41
-1.5 -1 -.7 -.3 88 .3 .7 1.1 1.5+
EVENT NUHBER 372 rDAPSILIDINIUM SIMPLEX
L Dif ference hetueen expected and observed event position
for wells ordered from Horth to South
24
14 . H ‘
North T ﬂl—l [ * * L] South
1 ]
A
-3 Event Position Fi RHean  Variance Skewness Hurtosis
372 3.859 7 8. 162 8.855 8.877 -8.921
8| Histogram of distribution
6
44 .
1 A
2 4

-1.5 -1.1 -7 -.3 8 .3 .? 1.1 1.5+
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EVENT MUHBER 268 :HAPLOPHRAGHOIDES KiRKI

3L Difference hetween expected and observed event position
for uells ordered from North to South
2+
1 N ul
I 0 Oy
North [l M ey South
-1
_2--
-3 Event Position Fi Mean Variance Skewness Kurtosis
268 3.898 14 8.246 0.148 1.514 -8.745
&
8 Histogram of distribution
b
4 —*—4———1
2 | | -
N Tl
-1.5 -1.1 -7 -.3 @8 .3 .7 1.1 1.5+

EVENT NUMBER €8 :SPIROFLECTAMMINA SPECTABILIS LO

3.4 Difference hetween expected and ohserved event position
for uells ordered from North to Scuth
2+
1....
North —Jr1 e = South
.-1 N
_2,
T
-3_1 Event Position Fi Hean  Variance Skeuness Kurtosis
' 68  4.857 7 -0.888 B.85%4 1.261 1.378
8 [ Histogram of distribution
|
61
'
4. —
21 :

-1 11 -7 .3 BB .5 7 1.1 1,5+



EVENT NUNBER 32 :ARnOSPHAEROIDINA SP. 1

397

3'.!.. Difference betueen expected and observed event positio
- for wells ordered from North to South
2
1~
|
! . —
North = * _H‘_,‘_:’"‘ et uL:ll—l_l_l L Sou
-1
..2.
-3 _ Event Position Fi Mean Variance Skeuness Kurtosis
32 4.863 17 8.808 d.881 8.345. -8.256
8 : Histogram of distribution
& . J—
. !
1. j
. =ikt
' - T —
-1.5 -1.1 -.7 -.3 o9 .7 1.1 1.5+
EVENT NURBER 264 :KARRERIELLA CONVERGA
- Difference hetusen expected and ohserued coenn voivion
3 for uells ordered from Horth to Suuth '
2—
1~
Horth T 1—“_”_‘_.’ South
-1.
-2
-3 _ Event Position Fi Hean Variance Ckeuwness Hurtesis
264 4.897 9 p.899 8,145 1.414 -8.448
8 { Histogram of distribution
6 ll. L~
4 )
2
SRS N - B
-1.5 -1.1 -.7 -.3 @88 3 .7 1.1 1.5+



398

EVENT NUHBER 42 :CIBICIDOIDES ALLENI

31 Difference betueen expected and observed event position
for wells ordered from Morth to South
2L :
1T ) S (1
North = - rq {1 o= rT South
o ._' U Hg!
-2
' N
37 Event Position Fi ttean Variance Skeuness Kurtosis
' 42 4.164 13 @8.818 8.582 8.973 -8.198
. ;
8 Histogran of distribution
61

‘\\\bzf b' l' [—q —
I. [ ‘ : + - + + ! - .[ !
S-S5 -1t -7 -.3 88 .3 7 1.1 1.5+

EVENT NUMBER 38 :CIBICIDOIDES BLANPIEDI

34 Difference hetusen expected and observed ewent pnsition
' for vells ovdered from Kovth tw Soutl

2 -
.1 ,
0 [ \ 2l
Honft = T 1] LJ R South
-2-- - “ . -
-3 Event Position Fi Hean Variance Skeuﬁess Hurtosis
' 33 4.2t 12 -B.835 B.158 -8.384 -8.521
8 i Histgﬁran of distribution
6
4 .
S

“1.5 -1.1 -7 -.3 8 .3 .7 1.1 1.5+
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_ EVENT NUMBER 41 :PLECTOFRONDITULARIA '4FF. PAUCICOSIATA
3l Difference between expected and observed event position
for wells ordered from Morth to South
24 -
N :
1 | H
North e =TI R — uu South
-1 ’ .
-2 1]
-3 Event Position ‘Fi Hean Varlance Skewness Kurtosis
- i 4277 13 e.87  8.337  1.982  4.456
8 I Histogram of distribution
| .
6 I -
'
2 { - ’-—‘ :
[ T rr— t l:/ T + T T nr—_l
-1.5 ~1.1 -7 -3 88 .3 .7 1.1 1.5+
EVENT NUMBER 36 : PSEUDOHASTIGERINA UILCORENSIS
3L Difference betueen expected and obsarved event position
| for uells ordered fron Morth to South
2.
| f
1
North |_|[—] L] 1 L_l'_"—'— e South
-1
_z i
-3 ] Event Positjion Fi' Hean VUariance Skeuness Kurtosis
3 4.637 14 8.631 8. 168 1.342 1,114 3
8 i Histogran of distribution
& '
4 —’"’\ .

T -15 -1 -7 -3 @ .3 7 1.1 1.5 .
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EVENT NUNBER 384 :AREOLIGERA CORONATA

3]  Difference betueen eéxpected and observed event position
for wells[Gfdered from North to South
24
Sl
' L1
* North Y = : g South
_1 R [T
-2
-3] Event Position Fi Hean Variance Skeuness Kurtosis .
: 34 4.639 7 0.447 1711 2,344 4.138
BN
8 : Histogranm of distribution -
6
* L
4 -
P
z " _
1 .
SRR N S N S R B s
1.5 -1.1 -.7 -.3 @88 .3 .7 11 1.5

EUERT NURBER 45 :BULIHINA TRIGONALIS
i Difference betysen expeciad and observed =vent posiiion
for wells ordered fron Horth to Scuth

2L
.

14 P .

North l_ll_i L1 - , T ——South
-1

=31 Event Position Fi Hean ~ Variance Skeuness Kurtosis
, 45  4.728 8 B, 065 8.681 8.318 -1.488

S

8 Histogram of distribution

O O e e T e W e .

-1.5 -1,1 -.7 -.3 88 .3 .7 1.1 ™1.5G+
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EVENT NUMBER 448 :HYSTRICHOSPHAERIDIUM TUBIFERUN

3L Difference hetueen expected and observed event pogition
for uvells ordered from North to South
24 { 7 ©
,. 1-- 5 .
North i . { e T e South
Sy ) L)
-2
~é__ Event Position Fi Hean Uariance Sheuness Kurtosis
448  4.778 7 0.094 8.335 1.118  -9.139
8 - . Histogram of distribution
6| N
4
N [
2
M N
L [ I A I
-1.5 -1.1 -.? -3 8@ .3 .7 1.1 1.5+
{ .
EVENT NUMBER 37 :ACARININA AFF, PENTACANERATA
3L Difference betusen expected and observed event position
for vells ordered from Morth to South
2~
1
1.-...
North H =2 o = South
-1
-2
-3 Event Position F{ NQan Variance Skeuness Nurtosis
37 4,829 7 B.882 8.899 2.571 6.382
8 Histogram of distribution
6
4
T
- 2 | —
! A _
i [l i : ;
- -5 -t.1 -7 -3 8 .3 7 1.1 1.5
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EVENT HUMBER 348 :CORDOSFHAERIDIUM GRACILE

3.L Difference betueen[edpected and observed event position
for uells|oxdered from Morth to South
24
1 | ‘ H
rth =7 —— — T South
-1
\‘:2
%*;. . ‘
-3 Event Position Fi tlean Variance Skewness Kurtosis
. 348 4.8B59 8 2.535 1.975 2.769 6:286
8 ) . Histogram of distribution
b
4 ) -
Y3 - l—l
t - ,_!_
) T T Y t t T t T t T T T i 1
-1.5 -t.1 -7 -.3 g8 3 . .7 1.1 1.5+

EVENT NUMBER 41B. :GLAPHROCYST@A ORDINAIA

3l Difference betueen expectzd and cohserved event position
for uells ordered from North to South
2L
I
|
l — p—
Nosrth == - == Cuuid
-1
_2 l
-3 Event Position FI  Mean Variance Skewnsss Kurtosis
418 5.882 7 8.255 8.228 2.480 3.954
. :
8l Histogran of distribution
6
4!

-1.5 -1.1 -.7 1.5+

2
S v = ] o R
-3 88 .3 .7 11 '



EVENT NUMBER 297 :MEGASPORE SP. 1 '

3 Difference betueen expected and obsevved event position
. for wells ordered from North to South
5 .
1-1_ |,__|_| — t j
‘ 7'\;| - _ —_ ~ ; "
North 7 B " e T = ~Sauth
-1 " '
- —
-2|
T
-3_i Event Position Fi Hean . Variance Skeuness Hurtosis
297 5.857 14 8.1689 a,2?7 B8.618 B8.014
: : .
B Histogram of distrihution
1
6
I
2.* T [
| SRR S S
-1, =-1,1 -7 ~--.3 88 .3 7 1.1 1.5¢
L4 .
EUENT NUMBER 52 :ACARININA SOLDADOENSIS
3. Difference hetween expected and ohserved event position
i for wells ordered from North to South
2.
!
1=
; . — — _—
i I ;
Horth = - L = —-South
-1: .
-2
-3 Event Pesition Fi Hean  Variance Skeuness Hurtosis
€2 S.368 ? 8.282 B8.241 1.€17  -1.9%1
B, Histogran of @tiztribution .
6 .
. 3
3 . J—s
2.
-1, -1 -7 -.3 ®#8 .2 7 1.1 1.6+
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" EVENT NUMBER 54 :SPIROPLECTAMMINA NAUARROANA
3. Difference hetueen expected and observed event pOS|tlon
't for wells ordered Fron North to South
7 .-
- _ 7
; D P . -
Now th T ‘ pres : South
-1 L .
-2 |
-3_L Event Position Fi Hean  Variance Skeuness Hurtosis
54 5.526 14 8.335 8,439 1.445 -8.875
8 : Histogran of distribution
2 h,‘ R
4
: I
Z - — I .
1.5 -1 -7 -.3 s .3 .7 1.1 1.5+
\ s .
EVENT NUMBER 59 :RZEHAKINA EPIGOGNA
3. Differenre betueen expected and obsecrveéd event position
: For uells ordered from Nerth tc South
2 -
.. ~m
! - ! I —
= o P "
— ! l ! [; Y|
North South
-1
- *‘
-2 .
3 _ Evenrt Position Fi Hean Variance Skeuness Xurtosis
Y9 b.¥53 7 #.958 1.291 1.52¢ -1 841
8 : Histogranm of distributicn !
[N
1.

LSS TR B -3 88 .3 7 1.1 1.5+





