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Abstract

The Lower Miocene Macelj-sandstones, from the western part of
Hrvatsko Zagorje, are green in colour with variable amounts of glau-
conitic grains. This paper presents the results of mineralogical and
some petrological analysis ol three characteristic samples of these
sandstones.

The natural sandstone samples were analysed by polarising
microscope and by X-ray powder diffraction (XRD). After separation,
the purc or almost pure glauconitic materials were analysed by XRD,
chemical analysis and thermal analysis (TG, DTA and DTG). The
results show variation, not only in the glauconitic material of the
sandstone samples, but also within individual samples. The amount of
smectite layers varies from < 5% to approximately 40% depending on
the degree of order and the stage of glauconite evolution. This is indi-
cated by the contents of K, Al, Fe, adsorbed water and cation
exchange capacity as well as XRD powder patterns.

1. INTRODUCTION

The Macelj-sandstones are located in the weslern
part of the Hrvatsko Zagorje region in north-western
Croatia, and in adjacent eastern Slovenia. The name
Macelj-sandstones has been used ever since they were
described by GORTANOVIC-KRAMBERGER (1904)
in the explanatory text for the geological map, sheet
Rogatec-Kozje, as “greenish-grey tuffaccous sand-
stones indicating a shallow-marine environment”.
These sandstones oulcrop in the Hrvatsko Zagorje
region between Mt. Strahingéica and Mt Ivanicica in
the south, and Mt. Ravna Gora in the north, covering a
total surface arca of about 130 km? (Fig. 1). This forma-
tion is predominantly composed of shallow-marine
clastics, several hundred metres thick, characterised by
glauconite-bearing sandstones with subordinate quanti-
tics of conglomerate, uffitic sandstone, tuff, and clay
(TISLJAR & SIMUNIC, 1978; SIMUNIC et al., 1990).
The stratigraphic position of these scdimentary rocks is
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Lower Miocene (from Egerian to Karpathian), during
which sedimentation creating barrier sand bars predom-
inated, occasionally interrupted by dacite-andesite
explosive volcanism. The volcanism began to cease by
the end of this period, and a new transgression and tec-
tonic movements prevented deposition of clastic sedi-
ments, and increased carbonate sedimentation (§IMU—
NIC et al., 1990).

The Macelj-sandstones are of homogenous mineral
composition with variation expressed through grain size
and relative percentages ol volcaniclastic material,
matrix and cement. The detrital composition indicates
source arcas composed mostly of sedimentary rocks and
schists. In the tuffitic sandstones the distinction between
resedimented and directly deposited volcaniclastic
material is ambiguous due to intensive chloritization
and glauconitization. The matrix composition and lex-
ture scem to indicate direct deposition ol volcanic ash,
which was produced by periodic eruptions in the adja-
cent areas (TISLJIAR & SIMUNIC, 1978).

This paper represents introductory work in the
investigation of glauconitic materials of the Macelj-
sandstones and the analysis of these matcrials [rom
three typical sandstone samples. Sample M3 was taken
[rom the outcrop (lower part of the Lower Miocenc
massive Macelj-sandstones) on the Durmanec-Macel]
road, near the border between Croatia and Slovenia (the
border crossing Macelj). Sample RG was obtained from
a drill core (at 31.5 m depth) from an exploratory well
situated south-west of the village of Strupari, south of
Mt. Ravna Gora. Sample MT was taken from an out-
crop (upper part of the Lower Miocene cross-bedded
Macelj-sandstones) on the road near Donji Macelj. The
sample locations are presented on Fig. 1.

Analogous to SRODON’s {(1984) definition for
illitic materials, in this paper we used the term glau-
conitic material to refer to both glauconite and to inter-
stratilicd glauconite-smectite, as well as to their mix-
ture.

2. DESCRIPTION AND MINERAL COMPO-
SITIONS OF SANDSTONE SAMPLES

The samples of the Macelj-sandstones werc ana-
lysed by polarizing microscope and X-ray powder dil-
fraction (XRD).
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Sample M3 is a glauconitic sandstone composed of
poorly sorted, mostly angular, rarely subrounded finc-
grained to medium-grained particles (0.3-0.7 mm in
size). The detritus consists mostly ol rock fragments
with subordinate undulatory quartz, and very rare
[eldspars. The most common accessory mineral is gar-
net which is accompanied by subordinate tourmaline,
apatite, muscovite, biotite and limonite aggregates, A
greenish glauconitic matrix is predominant, together
with dense chlorite-sericite aggregates, which are prob-
ably a diagenetic product of clays rich in organic impu-
rities. Calcite cement occurs sporadically in intergranu-
lar pores. Rock [ragments are mostly grains of
quartzite, chert, crystalline schists, and occasionally
macrocrystalline dolomite. The undulatory extinction of
quartz grains indicales its melamorphic origin,
Feldspars are almost completely sericitized; rare relict
grains display zoning or dense polysynthetic twinning
and corroded edges. Fragments ol extrusive rocks, with
plagioclase phenocrysts and micas produced by devitri-
fication of volcanic glass were also identified. Some
[issures in the detrital grains are slightly greenish.

Glauconitic material occurs in two basic forms: as
detrital grains and as the matrix (Fig. 2a). Less com-
monly, the detrital glauconitic material occurs as well
rounded grains composed of cryptocrystalline “grape
like” darkgreen aggregates. Most of the glauconitic
matrix material [ills intergranular pores, is much
brighter in colour and occurs as cryptocrystalline, platy-
shaped aggregates, with single minute sericite and chlo-
rite plates within the glauconitic material. The glau-
conitic matrix is not evenly distributed throughout the
rock, but is rather concentrated in the shape of laminae
and interlayers within the sandstone. Often there arc
layers composed nearly entirely of glauconitic matrix
and interlayers in which the glauconitic material is
almost absent. The glauconitlic matrix displays features
ol plastic deformation and compact squeezing (e.g.
sand grains which are nearly completely wrapped in
glauconitic material).

Fig. I Location map (modified from

{LOWER MIOCENE ) SIMUNIC et al., 1990).

Sample RG is very similar 1o sample M3, particu-
larly in the composition of detrital grains, which are
better sorted, subrounded to rounded, with size charac-
teristics of medium-grained to coarse-grained sand.

The glauconitic material occupies intergranular
pores in the parts that are clast or matrix supported. In
contrast to samples M3 and MT, there is no glauconitic
material in the form of detrital grains. The glauconitic
material occurs in the matrix and it is most probably a
product of glauconitization of fine volcanic ash or
glass. The glauconitic material displays features of sed-
imentation under semiplastic conditions. Texturally,
three types of the green glauconitic matrix can be dis-
tinguished: darkgreen grapy aggregates (Fig. 2b), yel-
lowgreen, more or less homogeneous cryptocrystalline
aggregates, with weak pleochroism and with sparse
mica, and fibrous green aggregales with strong
pleochroism which are probably produced by glauconi-
tization of chlorite (Fig. 2b). In the RG sandstone,
altered grains arc present in which cryptocrystalline
quartz dominates and which are slightly green along
Tissures (Fig. 2b).

Sample MT is a cross-laminated [inc-grained to
medium-grained sandstone, with mainly angular to sub-
rounded grains, rarely with rounded grains, averaging
0.1-0.4 mm in size. The sandstone is composed of sili-
ciclastic grains, glauconitic material and matrix with
sporadic calcite cement. In contrast to the previously
described samples, siliciclasts of MT sandstone consist
ol angular to subangular quartz fragments mainly with
undulatory cxtinction. Clasts of quartzite, chert and
low-metamorphic to medium-metamorphic grade
schists (quartz-schists) are common, while to a lesser
extent fragments of gneiss, mica-schist, dolomite, silt-
stonc and sodic plagioclase are also present. In this
sample, detrital flakes of muscovile are quite frequently
observed.

Glauconitic material occurs mainly in the intergran-
ular pores of siliciclasts as cryptocrystalline matrix or
as microerystalline, platy yellow-olive-green aggregales
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Fig. 2 a) Durk green grape-like detritic glauconitic material and light green glauconitic matrix filling intergranular pores. Thin section of sample
M3; IN, photo length 1.36 mm. b) Glauconitic matrix in the form of dark-green grape-like clusters and green fibrous clusters. Light green
glauconitic material coatings in quarlz [ractures are also present. Thin section of sample RG; IN, photo length 0.86 mm. ¢) Laminae with
glauconitic matrix. Thin section of sample MT; IN, photo length 1.36 mm. d) Detritic grape-like dark-green glauconitic grain. Thin section

of sample MT; IN, photo length 0.86 mm.

(Fig. 2¢). The structure and relationship of the glau-
conitic material with these siliciclasts indicates that the
groundmass was originally composed of fine volcanic
ash or semilithified glassy tuff. The glauconitic mass
[requently contains fine-dispersed pyrite and organic
matter. The glauconitic material matrix is commonly
concentrated within single laminae. Glauconitic materi-
al rarely occurs in the form of spherical and grape-like
grains (Fig. 2d), which can be distinguished from the
glauconitic matrix duc to their more intense green
colour, and the lack ol any internal microtexture except
cryptocrystalline and microcrystalline aggregates.

Despite some small differences, all the examined
sandstones (M3, RG and MT) according to PETTI-
JOHN et al. (1972) can be classilied as lithic graywack-
CS.

XRD analysis, carried out on bulk-rock samples,
shows that quartz is the dominant mineral in sample
M3, which also contains a considerable amount of cal-
cite, subordinate plagioclasc and K-feldspar, two chem-
ically different types ol dolomite, and minor quantities
of muscovite and siderite. The amount of glauconitic
material is very small. The mineral composition of sam-
ple RG differs from the M3 sample since it contains

several times the amount of glauconitic material and
considerably less calcite. Sample RG also contains two
different dolomite types, some more plagioclase, a little
chlorite, muscovite, and no siderite. The highest content
of quartz and muscovite are present in sample MT
which also contains dolomite and some calcite, plagio-
clase, K-leldspar, chlorite and haematite. The content
of glauconitic material is higher in sample MT than in
sample M3.

3. SEPARATION OF PURE GLAUCONITIC
MATERIAL AND EXPERIMENTAL METHODS

XRD patterns of the analysed bulk-rock sandstones
samples could not be used to identify the glauconitic
material due to the relatively small amounts present in
the samples. Separation ol pure glauconitic material
was carried out, to enable further determination to be
undertaken.

After fragmentation, sicving and water washing, the
0.1-0.2 mm and 0.2-0.315 mm fractions were enriched
in glauconitic material. These were later magnetically
separated by a Frantz isodynamic separator. The mag-
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netic glauconitic fractions were obtained at I = 0.40-
0.55 A (labelled MT/1, M3/1 and RG/1) and at I =
0.55-0.60 A (labelled M3/2 and RG/2), and were finally
purified by hand-picking under the binocular micro-
scope. Other magnetic fractions ol analysed samples
contained more impurities consisting of other sandstone
mincral constituents mixed with glauconitic material.
After a purity check using XRD, small quantities of
carbonate (dolomite, siderite, calcite) and amorphous
Fe-compositions were removed from the M3/2, RG/2,
M3/1 and MT fractions with diluted hydrochloric acid.
A method to obtain pure glauconitic material from pul-
verised glauconitic material fractions (after separation
in a Franlz isodynamic separator) using sedimentation
from a water suspension was tested. The fraction <1 m
was scparated. The purity of glauconitic material from
sample M3/2 obtained by this method was much higher
than that obtained by hand-picking. The glauconitic
material obtained in this way was used in further analy-
sis. Other samples purified using the same method gave
fractions ol cqual or less purity than the fractions
obtained by hand-picking.

Fractions M3/1 and M3/2 are equally distributed in
scparated glauconitic material of M3 sample. In the
M3/1 fraction the grains are mainly subrounded to
rounded in shape. In the RG sample about 4/5 of the
total glauconitic material content is in the [raction RG/1
and about 1/5 in the {raction RG/2. In the MT sample
almost all of separated glauconitic material is in the

8/°Cul«

Fig. 3 XRD powder patterns of separated glauconite samples. The
indices of diffraction lines of glauconitic malerial are indicated in
the pattern of sample MT. C = chlorite; M = muscovile; A =
amphibole; Q = quartz; P = plagioclase.

MT/1, so only this fraction was analysed as represent-
ing sample MT.

Depending on the increasing of magnetism the
colour of the glauconitic material [raction ranges [rom
light to very dark green. The M3 and MT glauconitic
malerials have a prominent blue shade whereas the RG
fractions have a grass green colour, particularly when
pulverised.

Separated pure or nearly pure glauconitic material
fractions (samples MT, M3/1, M3/2, RG/l and RG/2)
were analysed chemically, thermally and by XRD.

XRD powder investigations were done on a Philips
diffractometer, using CuKo radiation, a graphite
monocromator and proportional counter. Diffraction
patterns ol randomly oriented air dried samples, and
specimens with prefered orientation (air dried samples
and samples treated by cthylene glycol) were recorded.

Comparing glauconite/smectite and illite/smectite
interlayered minerals VELDE & ODIN (1975) conclud-
ed that “illite and glauconite mixed layered phases
appear to be crystallographically similar.” Therefore we
used the method for identification of illitic material by
SRODON (1984) and SRODON & EBERL (1984) to
identify the glauconitic material in this study.
SRODON (1984) used this method for the identification
of one glauconite sample (sample No 39 in table 2 of
cited paper), 100. According to them the ratio for purc
illite is determined as follows:

[(001)/1(003)
1(001)/1(003)

(air dried sample)
(glycolated sample)

If the illitic material is expandable Ir will increase,
i.c. the ratio increases with increasing amounts of the
expandable component. With regard to layer interstrati-
fication, the glauconite-smectite series is similar to the
illite-smectite series. For this reason the Ir ratio has
been used in this paper for comparison of glauconitic
malerials.

The chemical analysis of separated glauconitic
material was perlormed by classical chemical methods,
while sodium and potassium were determined using a
flame photometer. Cation exchange capacity (CEC)
was determined according to Kjeldahl (cit. SUS-
TERCIC, 1969) with previous replacement of excha-
ngeable cations using ammonium acelate.

Thermal analyses (DTA, TG, DTG) were performed
by the MOM derivatograph, Budapest, with a heating
rate of cca 10°C/min. To decrease the influence of rela-
tive moisture contents, samples were stored in the des-
iccator for 24 hours before analysis. The weight of cach
sample used in the individual thermal analysis was (.23
g. The weight loss due to dehydration was read [rom
TG curves according to SCHULTZ (1969).

4. RESULTS

XRD powder patterns of randomly oriented and ori-
ented separated glauconitic material are shown in Figs.
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Fig. 4 XRD powder patterns of oriented samples. AD - air dried sam-
ple; EG - ethylene glycol treated sample: M = muscovite; C =
chlorite.

3 and 4, which illustrate that samples MT, M3/1, M3/2
and RG/1 contain practically no impurities. In contrast,
sample RG/2 contains numerous impurities (chlorite,
muscovile, amphibole, quarlz, and plagioclase). The
same impurities are present in the < 1 um fraction of

the RG/2 sample, indicating a close relationship of
glauconitic material and initial substrate of glauconiti-
zation. Diffraction patterns also show that this sample
contains the highest quantity of expanding layers.

Results of chemical analysis and crystallochemical
formula calculated on the basis of O, ,(OH), are present-
ed in Table 1.

The Ir-values are presented in Table 2.

Thermoanalytical curves ol separated glauconitic
materials are shown in Fig. 5. The DTA curves display
threc endothermic effects; the first in the temperature
interval from 100°C to 200°C which corresponds to
dehydration; the second in temperature interval from
450°C to 600°C which corresponds to dehydroxylisa-
tion, and the third, a weak elfect at ~ 900°C which indi-
cates disintegration of structure. According to UTSAL
& UTSAL (1981} a weak exothermic cffect at 360-
380°C may be indicative of the oxidization of structural
Fe*. However, this elfect is more obviously expressed
in weakly magnetic [ractions, although their FeO con-
tents do not differ essentially in weakly and strongly
magnetic [ractions ol the relevant samples. For this rea-
son it is more probable that the exothermic effects men-
tioned above, indicate the presence of impurities that
are not detected by XRD.

Dehydration and dehydroxylization endothermic
clTects arc accompanied by an equivalent weight loss
on TG curves. Besides the TG curves the total weight
losses are also marked in Fig. 5. The weight losses
related to adsorbed and structural water, which were
determined according to SCHULTZ (1969), are pre-
sented in Table 2.

5. DISCUSSION

The AIPEA Nomenclature Committee (BAILEY et
al., 1979; BAILEY, 1980) have defined glauconite as
an Fe-rich dioctahedral mica with tctrahedral Al (or
Fe*") greater than 0.2 atoms per formula unit and octa-
hedral R* correspondingly greater than 1.2 atoms. The
interplanar spacing 4(060) is > 1.510A. Additional
characteristics of glauconite are that the octahedral
charge is greater than +5.3 per formula unit and that the
interlayer charge in non-expandable specimens varics
from = +0.8 to +0.9 (BAILEY ct al., 1984). According
to the AIPEA Nomenclature Committee the species
glauconite is a single-phase and, ideally, is not inter-
stratificd. Specimens with expandable layers can be
described as randomly interstratified glauconite-smec-
tite. BUCKLEY et al. (1978) proposed that the term
"glauconite" should be used only for those minerals
containing less than 5% interlayering. According to the
same authors glauconites have mainly the [Md type ol
structure as indicated by extended basal and reduced
hkl reflections on their XRD powdcr patterns. Structur-
al imperfections of glauconites have previously been
altributed to interstratilication. The heterogeneity in the
composition and structure ol glauconite pellets was
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MT M3/1 M3/2 RG/1 RG/2
Sio, 51.74 52.14 51.57 50.58 52.94
TiO, 0.10 0.15 0.21 0.16 0.26
ALO, 6.14 11.42 16.44 9.33 10.94
Fe, O, 18.98 13.03 8.60 18.46 15.84
FeO 4.24 217 2.68 257 1.97
MgO 3.23 517 2.07 3.45 2.21
CaO 0.38 0.62 0.59 0.80 1.39
Na,O 0.29 0.35 0.55 0.41 0.40
K,0 8.35 7.81 6.27 7.28 4.88
H,0'%® 1.51 2.24 5.01 2.90 5.21
LOI 5.20 4.85 6.24 4.63 4.45
Total 100.16 99.96 100.23 100.57 100.49
Si 3.79 3.70 3.71 3.66 3.80
Al 0.21 0.30 0.29 0.34 0.20
Al 0.32 0.66 1.11 0.46 0.72
Fe™ 1.05 0.70 0.47 1.01 0.85
Fe? 0.26 0.13 0.16 0.16 0.12
Mg 0.35 0.55 0.22 0.37 0.24
Ti 0.01 0.01 0.01 0.01 0.01
Ca 0.03 0.05 0.05 0.06 0.11
Na 0.04 0.05 0.08 0.06 0.06
K 0.78 0.71 0.58 0.67 0.45
X (R#*R™) 1.99 2.05 1.97 2.01 1.94
X R* 1.37 1.36 1.58 1.47 1.57
EA 0.85 0.81 0.71 0.79 0.62 Table 1 Chemical analyses and the num-

ber of ions per O, (OH),.

used to explain the existence of a series from 1M Lo
IMd type structure (BURST, 1958; HOWER, 1961;
BENTOR & KASTNER, 1965). However, SAKHA-
ROV et al. (1990) demonstrated that homogenous glau-
conites without expandable layers can also give weak
and broad Akl reflections due to the presence of struc-
tural delects resulting from various types of 2:1 layer
stacking faults. For this rcason, the amount of expand-
ing layers must be also determined in glauconite sam-
ples. Numerous authors determined that as the K and
Fe'™ contents decrease, the amount of AIY! increases
together with the number ol expandable layers
(ODOM, 1984).

In the present study the proportions ol expandable
layers (Table 2) have been estimated using the CEC
values (MANGHANI & HOWER, 1964) and the K
content (THOMPSON & HOWER, 1975) and by com-
parison of XRD patterns of glycol-solvated samples
with computer calculated diffraction profiles given by
THOMPSON & HOWER (1975). The estimated pro-
portions of expandable layers are also fairly compatible
with the contents of adsorbed water and the Ir-values
(Table 2).

For all samples studied in this paper Ir > [ (Table
2). According to the method of SRODON (1984) and
SRODON & EBERL (1984) the plotted 002 and 003

Weight losses / %

Percentage of expandable layers CEC Kions Ir according TG curves
from from K from mEq/100g per adsorbed  structural
Sample CEC'  content® XRD? 0,,(0OH), water water
MT 0 5 5 74 0.78 1.40 1.42 4.68
M3/ 5 =5 5 10.2 0.71 1.61 2.16 4.62
M3/2 12 10-15 10 15.6 0.58 1.93 3.79 4.62
RG/M <10 <10 <10 12 0.67 1.87 2.82 4.34
RG/2 35-40 nd 40 31.5 0.45 nd 5.09 4.23

Table 2 The contents of expandable layers and corresponding parametars for their estimation. Legend: ' according MANGHANI & HOWER
(1964); ° according THOMPSON & HOWER (1975); nd - not determined.




Tadej, Slovenec, Tisljar & Inkret: Glauconitic Materials from Lower Miocene Macelj-Sandstones... 23

DTA curves

M32 —~_ " S

RG/2 \//\/,__/

TG curves

MT

M3/1

M3/2 \ 6.10

RG/1 \ o1

RG/2 K 841
716
9.32

L} T T T T T T T T
100 260 300 400 500 600 700 80O 00 /°C

Fig. 5 Thermoanalytical curves of glauconite samples. Weight loss
curves include corrections from blank curve (at the bottom of fig-
ure). Percent weight losses are indicated along TG curves.

reflex positions of glycolated ‘.dmplu, fell in the illite
[ield or very close to it (Fig. 2 in SRODON 1984). No
samples plotted in the illite/smectite (I/S) field. There-
fore, according to SRODON (1984) and SRODON &
EBERL (1984) all analysed samples (except RG/2) pre-
sent the same type of illitic (in our paper glauconitic)
material: mixtures of pure illite (respectively glauco-
nite) and an ISII-ordered mineral with < 15% S.

0.2

0.0

1 T T 1 T T
0 02 04 06 08 10 12 14 16
Fe*

In relation to K content, the MT sample is practical-
ly non-interstratified. Sample M3/2 contlains more
smectite layers according to the K content and CEC

value (Table 2). It has higher expandability than sug-
gested by the results of SRODON (1984) and
SRODON & EBERL (1984) method.

Sample MT contains only a few expandable layers
(Table 2) and its structural chemical formula is very
close to the average formula of unaltered glauconites
analysed by BUCKLEY et al. (1978). This is confirmed
also by its plot on the AIY-F¢*" diagram (Fig. 6), as
well as its position on the diagram which displays the
relation of d(060) spacings to Fe'* ions (Fig. 7). The
XRD pattern (Iig. 3) indicates a IMd type structure;
however, among all samples analysed in the present
study, the MT sample has the less reduced 2kl reflec-
tions. All these parameters indicate that the MT sample
in fact almost represents single-phase glauconite.

Samples M3/1 and M3/2 have 1Md structure (Fig.
3). Sample M3/1 contains a little bit more than 5%, and
sample M3/2 contains [0% to 15% smectitic layers
(Table 2). According to THOMPSON & ITOWER
(1975) both samples show "IMIL" type of ordering. The
relationship between the number of octahedral AI* and
Fe** ions for both samples corresponds to glauconite.
Sample M3/2 plots very ncar to the boundary of the
glauconite field (Fig. 6). The high AIY' content of both
samples gives rise to the small 4(060) values: 1.511 A
(M3/1) and 1.510 A (M3/2). These values are very
close 1o the celadonite-glauconite boundary as proposed
by BUCKLEY et al. (1978), but on the Fe™ vs. 4(060)
diagram, both samples plot within the glauconite ficld
(Fig. 7).

Due to the small amount of expandable layers in
sample M3/1, the average chemical composition ol
non-expandable layers in it is not essentially dillerent
from the bulk chemical composition presented in Table
1. It was not possible to determine the average chemical
composition of non-expandable layers in sample M3/2,
but due to very high AlIY! content in the bulk sample
(Table 1), it probably corresponds Lo Al-glauconite.

1.5190 4
1 5170 1

I 5150

o(osm A

1.5130 1

151107

1.5090 -

Fig. 6 Trivalent octahedral ion contents (R*') per formula unit, Solid
lines indicate limits of glauconite R** content (modiflied fraom
BUCKLEY et al., 1984).

Fig. 7 Relationship of d(06() spacing to Fe'' jons. Solid lines indi-
cate approximate limits of glauconite (modified from BUCKLEY
ctal., 1984).
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Samples M3/1 and M3/2 per formula unit contain
0.66 and 1.11 AI'" atoms and 0.55 and 0.22 Mg atoms,
respectively (Table 1). The large differences in the
octahedral atom content between the two fractions of
sample M3 cannot be explained either by differences in
the amount of expanding layers (A= 10%), or by differ-
ences in the degree of maturity of glauconite. This dif-
ference in chemical composition indicates either difTer-
ent initial substrates of glauconitization, or different
environments of glauconitization. Microscopic data and
differences in the shape and colour of separated grains
suggest that detrital glanconitic material is predominant
in the M3/1 fraction whereas the matrix glauconitic
material is predominant in fraction M3/2.

RG samples have essentially different XRD pat-
terns (Figs. 3 and 4). The RG/1 sample has 1Md type of
structure and contains < 10% expandable layers, and
according to THOMPSON & HOWER (1975) shows
an "IMII" type of ordering. In the octahedral Al**-Fe™
ion diagram (Fig. 6) and in the d(060)-Fe*" diagram
(Fig. 7), the sample plots in the glauconite field very
close to sample MT.

The glauconite component in the RG/2 sample con-
tains 35-40% expandable layers and, according to
THOMPSON & HOWER (1975), represents randomly
interstratified glauconite-smectite. Chemical compari-
son between samples RG/1 and RG/2 is not possible
because sample RG/2 contains impurities and therefore,
the chemical composition of smectite is unknown.
However, on the basis of optical analysis it is presumed
that glauconitic material from sample RG/1 (predomi-
nantly in the form of dark-green grapy aggregates) and
RG/2 (probably other types of glauconitic matrix) rep-
resent different phases of an evolved glauconite series
originated Irom same or similar initial substrate of glau-
conitization. Microscopic observations (Fig. 2b) and the
mineral composition determined by XRD (Fig. 3) sug-
gest that the glauconitic material from the RG/2 is a
product, at least partly, of chlorite and probably mus-
covite glauconitization.

In concordance with ODIN & MATTER (1981) and
ODIN & FULLAGAR (1988) we identify these stages
ol glauconitization for analysed “glauconitic minerals™:
evolved to highly evolved (MT and M3/1), evolved
(RG/1), slightly evolved to evolved (M3/2) and slightly
evolved (RG/2).

6. CONCLUSIONS

The Macelj-sandstones were deposited in shallow-
marine environments on foreshores, shorefaces, and
tidal flats with or without deltas at stream and small riv-
er mouths. The detritus load for the marine shoals,

which were often separated from the open sca by sandy
bars and tidal flats, is debris transported by rivers from
areas of active erosion. Periodic but cxplosive synsedi-
mentary dacite-andesite volcanism made possible tuff
accumulation (for example, in the area of Donje Jese-
nje) and the presence ol great quantities of volcano-
clastic material within the epiclastic detritus. The vol-
caniclastic material in the detritus was deposited cither
directly during volcanic eruptions, or by its re-deposi-
tion and accumulation with the detritus of the Macelj-
sandstones.

Data obtained [rom analysis ol 3 samples of the
Macelj-sandstones show that there are differences not
only among glauconitic material from various locations
but also among glauconitic material from the same
sandstone sample. These dillerences arc alrcady notice-
able from the microscopic examination of sandstones
and after glauconite separation. In the strongly magne-
tic fractions the glauconitic material has a darker green
colour than the weakly magnetic [raction and, based on
analytical data, the former is more evolved. In the series
from highly evolved to less evolved glauconitic materi-
als, the proportions ol expanding layers increase from
<5% to approximately 40%.

Heterogeneity of the M3 sandstone relates to the
magnetic features of glauconitic malterial and the pres-
ence of detrital glauconitic grains point to redeposition
during glauconitization. Significant dilferences between
the chemical composition of samples M3/1 and M3/2,
particularly in Al, Fe and Mg proportions, may suggest
differences in the initial substrate of glauconitization
from sample M3 as well as dilferences in comparison
with glauconitic material from samples RG and MT,
The detected mincralogical differences between glau-
conitic material from sample M3 are consistent with the
microscopic data which indicates redeposition of an
unconsolidated sediment. Chemical differences of mag-
netically more homogeneous glauconitic material from
sandstone RG may be explained by differences in
chemical and structural features within the evolving
series of glauconites which originated in the same glau-
conitization cycle, [rom probably the same or similar
initial substrate. In the MT sample only one single mag-
netic fraction was obtained and thus it can be presumed
that the substratc of glauconitization was uniform in
composition.

The results obtained from this investigation neither
deny nor confirm the results achieved by other investi-
gators (TISLJAR & SIMUNIC, 1978; SIMUNIC ct al.,
1990), indicating that glauconitic material from the
examined Macclj-sandstones were probably produced
by alteration of dacite-andesite volcano-clastic material
in shallow-marine environments.
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