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ABSTRACT

We have demonstrated that cryogenic separation of glauconite and foraminifera from the
host rock allows to preserve the integrity of extracted specimens, assures minimal
damage and causes no artificial fractionation. The K/Ar dating of two glauconite
samples from Cretaceous/Paleogene boundary in the Nasitow outcrop yields 62.0 and
66.3 Ma. The discrepancy in these dates, much larger than expected from analytical
precision, may result from too low %K, which was 5.91 and 5.73, respectively.
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1. INTRODUCTION

Mineral or specimen separation from the host rock is a crucial part of the
sample preparation process. Commonly used methods include acid etching
and/or dissolution, mechanical grinding and subsequent use of heavy liquids as
well as magnetic separation. Successful separation must be performed in a way
ensuring:

(1) mechanical integrity of separated specimens,
(i1) lack of contamination,
(iii)  minimal chemical damage,

(iv)  lack of weight or size-derived fractionation of the separate.

By “mechanical integrity” one would understand lack of cracks, breaks and
fractures either on the surface or penetrating through the bulk of separated
specimens. Such mechanical damage is common, e.g. in calcite crystals
separated by grinding the host rock. Also, a grain should be well-separated in a
sense of not being contaminated by other minerals. Chemical damage occurs
when acids are used to dissolve the host rock, e.g. in the case of specimen
extraction from limestone. Weight or size—derived fractionation becomes a
serious problem when a given fraction of the separate, e.g. the smallest grains or
the largest shells, are more damaged than other fractions of the separate, or even
destroyed in the process.

Cryogenic separation is a method that meets all the above requirements.
Series of freezing-thawing cycles, with each cycle lasting only tens of minutes,
allows water to penetrate the grain boundaries even in rocks as hard as granite.
Below 4°C water expands, and subsequently becomes ice below 0°C. Ice crystals
continue to expand when temperature drops, therefore increasing the distance
between grains. The convenient desktop apparatus of our construction was
described in [1], including schematic diagrams. It should be noted, that our
design is based on the use of Peltier effect, contains no movable parts and it is
environmentally friendly.

For testing purposes we have chosen a well-known Cretaceous/Paleogene
boundary section at Nasitow. Up to 0.5 m thick layer of glauconitic sandstone is
deposited directly on the uppermost Maastrichtian hard limestone (see Fig. 1).
Description of the profile and our previous stable isotope and radiogenic dating
results were published before in [2]. In Fig. 2 a concentrate of glauconite grains
is presented. Figures 3 and 4 show examples of foraminifera. Both glauconites
and foraminifera were separated from the host rock (sandstone) by the use of
approximately 48 hours of repetitive freezing-thawing cycles in our cryogenic
separation apparatus.
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FIG. 1. The Cretaceous/Paleogene boundary profile in the Nasitow quarry. Glauconitic
sandstone overlies an intensively burrowed hard limestone terminating the uppermost
Maastrichtian siliceous limestone.

FIG. 2. Cryogenic separate of glauconites from the Nasitow quarry, Imm scale on the
right.
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NASILOW+2(+11)F

FIG. 4. Globoconusa daubjergensis (Bronnimann).



CRYOGENIC SEPARATION OF GLAUCONITE AND FORAMINIFERA... 27

2. RESULTS AND DISCUSSION

As it can be seen in Fig. 2, glauconite grains are very well separated, without
traces of etching or contamination. Results of potassium content determination
are given in Table 1, whereas the K/Ar dating results are presented in Table 2.
Sample D was taken from a burrow filled with glauconitic sandstone located
5 cm below the hardground, whereas sample F was taken from the glauconitic
sandstone 11 cm above the Maastrichtian hard limestone surface. Cautious
reader will immediately note that age in Table 2 is apparently reversed: sample
D appears to be younger than sample F.

This result is not surprising if one considers the complex sedimentological
history of the K/P boundary at Nasilow as well as the geochemistry of
glauconite.

Faunal condensation and mixing of Danian and Maastrichtian fossils in the
glaucontic sandstone, overlying the Maastrichtian hard limestone, are interpreted
as being the result of the erosion of part of the section including the uppermost
Maastrichtian and lowermost Danian (e.g. [3-6]). The unit itself has been
included either in Maastrichtian (e.g. [7], [8]) or in Danian (e.g. [3], [6], [9],
[10]). During the deposition of the glauconitic sands the topmost surface of the
Maastrichtian rock has been intensively burrowed and filled with that sediment.

Existence of multiple burrows penetrating the glauconitic sandstone and the
Maastrichtian chalk, together with possible multiple bioturbation in the fresh
sediment, where the reworked Maastrichtian material was also present, points to
a vertical mixing as one possible source of age reversal in K/Ar dating. Another,
perhaps even more convincing explanation comes from the geochemical point of
view. Glauconite is a complex geochemical system, which attains maturity over
an extended period of burial time. Mature glauconite is closed to isotope
exchange with its environment. One of the geochemical signatures of mature
glauconite is the potassium content [11].

For low potassium contents, the radiometric age of glauconite is artificially
increased. As it was shown before [2] glauconite from the Nasitow section may
be considered mature at potassium contents larger than 6.3%. Samples analyzed
here revealed potassium content below 6% and therefore are located on the slope
of maturity curve. Entire 4.3 Ma age difference between our samples may
therefore be considered as artificial.

At the present stage of investigation, the conclusion is, that the 62Ma is an
approximate age of the oldest Paleocene sediments in this profile. More detailed
study, involving stable isotopes and grain size separates is needed in order to
finally resolve the Nasilow puzzle.
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TABLE 2. Results of the radiometric dating of glauconite samples.

Sample: Nasitow D Nasitow F
Weight [mg] 48.55 47.41
Potassium content [%] 5.91 5.73
*Ar dose [pmol] 71.21 71.21
“Ar/**Ar ratio 0.5666 0.5602
“Ar/*Ar ratio 1330 1457
Radiogenic “’Ar [pmol/g] 646.5 670.9

% of radiogenic Ar 77.8 79.7
Radiometric age [Ma] 62.0 66.3

Cryogenic method used in extracting foraminifers from the glauconitic
sandstone works as well as for glauconites. Obtained from that rock minute,
thin-shelled and fragile Danian (and Maastrichtian) planktonic foraminifera are
clean and very well preserved (see Figs 3 and 4). Planktonic foraminifera are the
minor component of the foraminiferal assemblage. Danian species are
represented by Globoconusa daubjergensis (Bronnimann), Parasubbotina
pseudobulloides (Plummer), Globanomalina sp., Chiloguembelina sp.,
Globotruncanella caravacaensis (Smit).

3. CONCLUSIONS

In this study we have demonstrated that cryogenic separation of glauconite
and foraminifera from the host rock is a simple and convenient method. Use of
cryogenic separation allows to preserve the integrity of extracted sample, assures
minimal damage and no artificial fractionation. Its applicability was shown in
the previously published paper [1] also for the granite-forming minerals and
other host rocks like tufas.
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