


















































































































































































































































































































































































































































The cluster analysis of the fine fractions mineralogical data (Figure 4) allows some
interesting considerations to be made: )

The definition of three clusters of mineralogical parameters: one formed Hby the
association of the fine detrital minerals, kaolinite (Kt), chlorite (Chl) and illite (Iil); a
second cluster formed by the association of the coarser detrital minerals, quartz (Qz),
plagioclase (Plag) and K-feldspar (KFelds), with dolomite (Dol); and a third cluster
formed by the association of the chemical minerals, calcite (Calc), anhydrite (Anid),
opal C/CT (Op), halite (Hal) and zeolites (Zeol).

The association of the samples (on the basis of the same mineralogical parameters) in
threev clusters, of which two show a relatively good internal coherence, one formed
essentially by samples belonging to the dﬁne domain (samples x.1) and the other one

formed by sarnpies belonging to the beach face domain (samples x.3).
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Figure 5 - Multivariate factorial analysis of the fine fraction mineralogical data
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Figure 6 — Geographic and geological setting of the studied boreholes.

Having in mind an attempt to establish a lithostratigraphic zonation in the sedimentary
columns and to find out eventual lateral correlations, mineralogical parameters had been
established in order to define guide-layers.

At an initial stage we dpplied theﬂphyllosilicates/qualtz+feldspars ratio, that means the
fine detn'_tal minerals/coarse detrital minerals ratio, submitted to statistical analysis, in
particular Quality Control Analysis (vertical evolution of the parameter controlled by
mean and standard deviation; vertical evolution of the cumulative sum of deviétions).
As a second parameter we applied the vertical evolution of the “factor scores” of the
Principal Componeﬁts Analysis of the mineralogical parameters being quantified
(Figures 7 a, b and ¢ show an example of these statistical analysis).

Analysing the vertical evolution of the studied parameters for the RGD 6 borehole
(Figure 7) we can see three anisotropies (represented by samples 12, 29 and 39), all very
clear in any of the three graphs of the Figure, but more evident in the one showing
cumulative sum of deviations. The second anisotropy is slightly less clear, meaning a
minor variation of the mineral composition. The strong anisotropy present at the base of
the three graphs (samples 1 to 4) is related with fhe bedrock schist and its weathering

mantle.
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Therefore, the geostatistical analysis being carried out allowed the definition, in
each of the five studied boreholes, of three/four guide-layers (Table I), characterized by

clear anisotropies put in evidence by the vertical evolution of the selected parameters.

RGD -6 RGD -7 RGD -4 RGD -1 RGD -5
Units Guide Lithology | Mineralogy | Lithology | Mineralogy | Lithology | Mineralogy | Lithology | Mineralogy | Lithology | Mineralogy
layers
v brownish )1:3% - fbrownish IKV |brownish KIv brownish IKV Brownish XV
fine/medium fine sands fine sands fine sands medium
sands sands
D clayeysilts  [K clayeysilts  |K sandy silts K medium v medium 1
sands - sands
v muds and [IKV medium KV silty sands VKI medium/ KV silty sands KV
silts with sands fine sands
shells
C mudy  silts|I clayeysilts  [K brownish K brownish K Greyish K
with shells sands -___|sands Sands
m silty  sands|IKV medium, KIV medium IKV medium IKV silty/ K1v
with shells . sands sands sands medium
! sands
B medium KV micaceous K brownish K ferruginous |V medium I
sands . silts with medium crust sands
ferruginous sands
materials
It coarser/ Xv medium K1V brownish IKV silty medium [IKV silty medivm |KIV
medium sands medium sands sands
sands sands
A Silts K ferruginous  |K medium K
crust sands
I . silty  medium |KIV silty medium [IKV Micaceous  [KIV
sands sands sands
Bedrock schist IKC schist_ IKC

Table I - Guide-layers, their lithologies and clay minerals composition

The utilization of selected lithostratigraphic markers allowed the definition of
guide-layers in each of the five boreholes under study. These guide-layers were

established on the basis of clear anisotropies found in the vertical evolution of certain

mineralogical parameters. Four guide-layers (A, B, C ¢ D) could be defined. Guide- .

layer A was defined in the lower section of the sedimentary columns, guide-layers B
and C were defined in the intermediate sections whereas guide-layer D was defined in
the upper section. All these four guide-layers are characterized by quantitative changes
found in the - kaolinite and/or vermiculitg contents. So, we consider that the
methodologies being adopted could be of great interest to discriminate situations Where

the classical parameters yield monotonous informatior.

Application example of application n° 3 - lithostratigraphical analysis and
paleoenvironmental reconstruction (Cenozoic sediments)
Mineralogical analysis of a Cenozoic evaporitic formation in the Aveiro region

(Portugal)

At the Aveiro basin a gap in the stratigraphic record do occur beyond upper

Cretaceous. Eocene, Oligocene and Miocene formations have not been identified in the
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Fig. 9 - R-mode factor analysis of the fine fraction mineralogical data.

From the application of R-mode factor analysis (Fig. 9) to the fine fractions

mineralogical data, with redistribution of phyllosilicates contents by kaolinite, illite,

chlorite, smectite and mixed-layers, some interesting considerations may be withdrawn:

Factor 1 shows Psilom, Goe, Anat, Py, (C,Z) in oppositibn of Qz, FK, P, Kt,

Ch, Sm.

Factor 2 discriminates Op, Gy, Apat, Sulf, Sid.

Factor 3 discriminates D, Iil, Inter.
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Fig. 11 - Q-mode factor analysis.
Once again, the cluster analysis (Fig. 12) confirms the associations observed in
the Q-mode factor analysis.
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Fig. 12 - Cluster analysis of the samples.

There is a clear discrimination of sample number 13a, whereas the remainder
samples could be grouped in three clusters, one comprising samples 17, 18, 19, 20 and
21, other comprising samples 13b, 14, 15 and 16, and one another comprising samples
10, 11 and 12. Sample 9 appears somehow isolated but linked with this last cluster. |

The analysis of the data available/ allows the withdrawal of the following

conclusions:
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Fig. 13 - Geographical location and geological setting of Corvina 1 well.

Samples of the Corvina 1 well were gathered as' cuttings at every 5 m interval
(some intervals are not represented as no sampling was niaide during drilling of the
well). The most recent available data, based on faunal content (WCH logs and reports
deposited at the Gabinete para a Pesquisa e Exploracéo de Petr6leo, Lisbon), atributes
the interval between depths 1838m and 2300m (462m) to the Upper Jurassic. The
interval between 1800m and 2350m (550m), embracing the whole Upper Jurassic, was
studied (a total of 103 samples Weré collected within the studied interval). This interval
is represented by a succesion of carbonates (limestones/dolomites and maris),
claystones and, towards the top, some sandstone levels. '

The mineralogical studies of the insoluble residues, particularly of their clay
components, were based mainly on X-ray diffraction (XRD) determinations, carried out
on non-orientated and orientated specimens. The Mn and Sr contents of the carbonate
fraction were measured in each sémple. Trace element analyses were carried out by
atomic absorption spectrophotometry (AAS) following the method described by Renard
& Blanc (1971, 1972) and Caetano (1993). All mineralogical and geochemical results
were submitted to geostatistical analysis, in particular, to R-mode multivariate factor

analysis.
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' The insoluble residue mineralogical content (Fig. 14) is clearly dominated by
phyllosilicates throughout most of the studied interval although in the upper part, above
depth 1930 m, quartz gains more importance. Plagioclase and gypsum are present in all
studied samples. Other minerals such as K feldspars, opal and pyrite have almost
continuous records; zeolites appear very discontinuously.

The obtained mineralogical data has also allowed the establishment of a vertical
zonography being it able to distinguish six mineralogical zones based on their clay
mineral content (Fig. 15).
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Fig. 15 - Clay mineral content and mineralogical zones of Corvina 1 well

(illite - I; kaolinite - K; smectite - S).

Ilite is predominant throughout the whole studied interval; the uphole evolution
of the other clay minerals shows that kaolinite content has a tendency to firstly increase
from the first to the second zones (depths 2350-2305 and 2305-2180 respectively). In
the third and fourth zones (depths 2180-2045 and 2045-1930), a more smectite
association is found and, finally, in the fifth and sixth zones (1930-1853 and 1835-1800)
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Factor 3 expresses a deposition environment of marine character, but more confined.
The vertical evolution of the Factor Scores (Fig. 17) is consistent with the

zonography previously established.
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Figure 17 — Vertical evolution of Factor 1 Scores.

The considerations postulated from the geostatistical factor analysis reflect, essentially,
the influence of clastic influxes into the basin, enhancing, at the same time, different

paleogeographical positionings of the studied stratigraphical units.
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