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Abstract. This paper presents chemical investigations of 15 samples of Ordovician glauconite.
The results served as a basis for calculation of structural formulae for the glauconites. The chemical
composition and crystallochemical formulae were compared with the corresponding data published
by other authors for Ordovician glauconites and glauconites of different ages.

INTRODUCTION

This paper presents the results of further studies of 15 samples of Ordovician
(Arenigian) glauconites derived from NE Poland. Preliminary investigations of
these samples, comprising the separation of glauconite grains, their morphology,
the determination of density and cation-exchange capacity, as well as thermal
analysis, were published in a separate paper (Chabto, 1979).

EXPERIMENTAL AND RESULTS
Chemical analysis

Silica content in the glauconites was determined by gravimetric method. After
SiO, determination, the solution was used for the complexometric determination
of aluminium (Flaschka, Abdine, 1956; Chablto, 1964) and the sum of calcium,
magnesium and manganese after prior precipitation of R,O,-type oxides with
pyridine (Ponomariov, 1961). Colorimetric analysis with hydrogen peroxide (H,0,)
was employed to determine titanium. The contents of potassium, sodium and
calcium were determined in the solutions obtained through the decomposition of
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wiecka 4).
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{1 ArbiliEE
Chemical analysis of glauconite from Ryboly borehole (in wt. %)

Average
p(:)(r):r;t L ¢ % 2 7 2 i results X
Sio, 51.29 51.34 51.43 51.38 S1.41 51.24 o L2 51.34
TiO, 0.44 0.42 0.40 0.41 0.43 0.44 0.42 0.42
Al O, 12.00 12.10 12.20 12.20 12.01 12.08 12.18 12001
1X340) 14.88 14.71 14.72 14.92 14.87 15.00 15.01 14.88
FeO 2.42 2.51 2.54 2.41 2.49 2.39 2.41 2.45
MnO n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
MgO 361 3.62 55 3.62 3.58 301 3.52 3.58
CaO 0.55 0.55 0.51 0.55 0.48 0.48 0.48 0.51
Na,O tr. e tr. tr. tr. lor: tr. tr.
K,0 7.56 7.58 7.51 7.60 7.76 7.66 7.79 7.64
PO 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
HO S 450 5.09 023 9127 5.50 5.39 5.36 5.28
H:O* 1.43 157 1.43 1485 1135 i3l 1.34 1.40
Total 99.38 99.54 99.57 99.76 99.93 99.61 99.83 99.66

tr. — trace, n.d. — not detected,

glauconites with hydrofluoric and perchloric acids. The concentration of sodium
and potassium was measured using flame photometry, that of calcium by atomic
absorption. Magnesium percentage was calculated subtracting the determined
calcium content from the sum of calcium, magnesium and manganese. Manganese
determination gave negative results because the content of this element in the analys-

iTaaibilte 2
Statistical data for the chemical analysis of glauconite from Ryboty borehole (acc. to data of Table 1)
Number Ari- Confidence interval R K,
Com- of | thmetic ; RERIR RTINS
A Median Range 4 deviation
ponent |determina-| average confidence level 0.99| n =7 i
tions X K, = 0.37
X—R'B,|X+R"B,
SiO, 7 51.34 51.34 0.19 51.24 51.44 0.070 0.073
TiO, 7’ 0.42 0.42 0.04 ° 0.40 0.44 0.015 0.015
AlLO, 7 12.11 12.10 0.20 12.01 12.21 0.074 0.086
Fe,0, 7 14.88 14.88 0.19 14.78 14.98 0.070 0.068
FeO 7 2.45 2.42 0.15 2.37 2153 0.056 0.059
MgO 7 3.58 3.58 0.10 3.53 3.63 0.037 0.038
CaO 7 0.51 0.51 0.07 0.47 0.55 0.026 0.035
K,0 7 7.64 7.60 0.28 7.50 7.78 0.104 0.105
PO, 7 0.05 0.05 - — - — -
H,0* 7 5.28 5.26 0.24 5.16 5.40 0.089 0.076
H,0- 1 1.40 1:35 0.26 1827 1.53 0.096 0.089
99.66
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ed samples was too small for the colorimetric method to be effective. For phosphorus
and manganese determinations glauconites were decomposed with hydrofluoric
and nitric acids. The contents of total and ferrous iron were determined by titration
with potassium dichromate in the presence of an indicator (sodium diphenylamine-
sulphonate aqueous solution) of glauconite samples. decomposed with hydro-
fluoric and sulphuric acids. The content of H,O~ was determined drying the glauco-
nites at 105° whereas that of H,O* by Penfield’s method.

In order to check whether the results were reproducible, the analysis of Ryboty
sample was repeated seven times. The resulting data (Tab. 1) served for statistical
estimation of the adopted procedure (Tab. 2). It appeared that standard devia-
tions calculated for respective components were lower than given by other authors,
e.g. for diabase W-1 (Stevens et al., 1960). Chemical analyses of all the glauconites
studied are presented in Table 3; for Ryboly sample average percentages of the
respective components have been given according to Table 1.

On the basis of the results obtained, the average chemical composition of Polish
Ordovician glauconites was calculated and compared with the average composition
of Ordovician glauconites of Sweden, the platform of the European part of the
USSR, and the Siberian platform. Also the average chemical composition of Ordo-
vician glauconite was calculated and compared with the average data for glauconites
of different ages (Tab. 4).

Spectrographic analysis
1]

Spectrographic analysis of the samples was carried out with Zeiss Q-24 and
PGS-2 spectrographs, using boron-free carbon electrodes and standards made
on silicate rock matrix. The standards contained admixtures of Li, Ba, Sr, Zn, Cu,
Ni, Co, Pb, Ga, Zr, Cr, Sn (0.0005—0.2%) and 0.00005—0.02% of boron.

Since the silicate matrix of the standards differs significantly from glauconite
both in the composition and structure, the data presented in Table 5 are to be
treated as estimated.

@alfcuilfatiitoin ‘o'fit t'h'e' s tntulcitu'n ailt fFoismiutita
floidgidiaiu cleintitic

Structural formulae for the glauconites studied were calculated on the assumption
that positive charges of the cations should balance 10 O~ +2 OH", i.e. 22 negative
charges (Hendricks, Ross, 1941; Harvey, 1943; Smulikowski, 1954). With this
assumption it is not necessary to take into account the water content. In the cal-
culations the amount of calcium was decreased by its part combined with phos-
phorus in Ca,(PO,),, and the content of iron in Podborowisko sample was lowered
by the part combined with sulphur in pyrite (FeS,). In the parent glauconitites
phosphates were found to be present, and the glauconitite from Podborowisko
contained partly oxidized pyrite (Langier-Kuzniarowa, 1967, 1971).

Calculation of the number of cations per 1/2 unit cell is presented in Table 6.
The crystallochemical formulae for the Polish glauconites (Tab. 7) were compared
with the corresponding average formulae for glauconites of different ages (Tab. 8).

The average crystallochemical formula for Ordovician glauconite (Tab. 8) was
calculated from 15 chemical analyses made by the present author (Tab. 3) and 17
analyses published by other authors (Tab. 4, explanations).
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Table 8

Comparison of the average crystallochemical formulae for glauconites

n = number of analyses
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DISCUSSION

The chemical composition of glauconites in variable. The noted differences
are due to the nature of the initial material, regional conditions, sample record, the
degree of homogeneity of the structure, as well as to the presence of admixtures that
can be difficult to detect, separate or determine.

A study of the chemical composition of a large number of glauconite samples
has revealed that the essential differences regard mainly some components whilst
other constituents show certain stability (Hendricks, Ross, 1941; Smulikowski,
1954 ; Borchert, Braun, 1963; Weaver, Pollard, 1973). This observation is in ac-
cordance with recent, mainly X-ray, investigations from which it appears that
typical of glauconite is the 10A mica structure, and that the essential variations
in composition, involving a change in the proportion of aluminium and ferric iron,
occur within this structure.

Considering the amounts of aluminium and iron in the structure, glauconites
can be divided into those showing the prevalence of aluminium, intermediate, and
glauconites with predominant iron, the latter being the commonest (Smulikowski,
1954 ; Borchert, Braun, 1963). Changes in the aluminium and iron content are
not expected to be attended by any significant changes in the content of potassium.
Several studies (Manghnani, Hower, 1964; Cimbalnikova, 1971) show that a
decrease in potassium percentage in glauconites is due to the increase in the content
of the expanding component and, therefore, to the lower degree of homogeneity
of the structure. But then, the presence of the expanding component changes the
proportions of aluminium, ferric iron and other constituents.

It is feasible that one of the factors responsible for the variations in the chemical
composition of glauconite is some undetected admixtures of iron compounds
(Bentor, Kastner, 1965) and amorphous silica (Smulikowski, 1954). The origin of
these admixtures is obscure. Zumpe’s studies (1971) revealed changes in the distribu-
tion of Si, K, Ca and Fe concentrations in different zones of a glauconite grain,
which seem to be brought about by the process of crystallization of glauconite.
Thence a tentative hypothesis can be advanced that under certain circumstances,
the excess of some components precipitates as various mineral phases.

The average chemical composition of NE Polish glauconites was compared
with their Ordovician equivalents from Sweden (Hadding, 1932), the platform of
the European part of the USSR and the Siberian platform (Nikolayeva, Boroda-
yevskaya et al., 1971). The analyses were chosen following Smulikowski’s instruc-
tions (1954). Incomplete analyses, as well as those which gave total determinations
of some components, e.g. iron, without comments, were not taken into account.
Table 4 presents the average chemical composition of Ordovician glauconites,
along with the number of analyses (n) from which the average percentages of com-
ponents were calculated. In the case when certain determinations were missing,
the averages were calculated from a smaller number of analyses. Thus, although the
average composition of Ordovician glauconite was calculated from 32 analyses,
the number of determinations from which the average percentages were calculated
was given for each component.

The average pergentage of silica is the highest for the Polish glauconites,
amounting to 51.319%. The average content of ferric iron shows a slight regular
increase from the west (Sweden 15.06% Fe,0,) to the east(Siberian platform 19.33%
Fe,0,) (Tab. 4). Simultaneously, a less pronounced decrease in aluminium per-
centage has been noted in the same direction. The same or similar FeO contents
in the Ordovician glauconites of the compared areas are not fortuitous and testify
to similar, rather moderate, oxidation-reduction conditions.
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Average percentages of FeO and Fe,O, in the Ordovician glauconites are lower
than average percentages of these components in glauconites of different ages.
The average Al,O, percentage is somewhat higher in the Ordovician glauconites.
The content of potassium (K,O) for the glauconites studied averages 7.88%, being
lower than in the Ordovician glauconites of Sweden and differing only slightly
from the percentage of thiselement in the glauconites of the platform of the European
part of the USSR or the Siberian platform. In general, potassium percentage in
the Ordovician glauconites is higher than in glauconites of different ages (Tab. 4).

On the basis of 78 chemical analyses of glauconites, Borchert and Braun (1963)
confirmed the observation that the increase in Fe?* content in glauconite is attended
by a decrease in the amount of aluminium. Considering the Fe3* to Al ratio, they
distinguished three types of glauconite: glauconites showing marked prevalence
of Fe3* over Al, those containing on the average 199, Fe,O, and 89 Al,O,, and
aluminium glauconites containing 10Y, Fe,O, and 159% ALO,.

The content of ferrous iron is similar, averaging 3.5 % FeO in glauconites with
the marked prevalence of Fe3*, 3.0% in average ones, and 3.5% FeO in aluminium
glauconites. Magnesium percentage is also similar (3.0%, 3.5%, 3.5% MgO).
Very characteristic is the same potassium percentage for all the three types of glau-
conite, averaging 7.5 %, K,O. As appears from these data, the average composition
of the glauconites studied approximates to that of the average group (15.99%
Fe,0,, 11.449; Al,0,, 3.33% MgO), tending towards aluminium glauconite. The
percentage of ferrous iron is lower than calculated by Borchert and Braun.

Individually, samples Krzywa, Lochéw and Mielnik correspond to average
glauconite while the others are intermediate between average and aluminium
glauconites (Tab. 3). Basing on the division of Borchert and Braun, it can be
demonstrated (Tab. 4) that the Ordovician glauconites show regular variability
of Fe,0, and Al,O, percentages from nearly average for the Siberian platform
(19.339% Fe,0,, 8.61% AlLO,) to aluminium glauconite westwards.

* Spectrographic analysis was performed to supplement chemical analyses of
glauconites. From the results (Tab. 5), as well as from the data published elsewhere,
it appears that manganese content in glauconites is low and, therefore, it should
be classed among trace elements. Colorimetric determinations of manganese were
made in all the samples, but its amount appeared to be too small to be detected by
this method. In 1966 Jasyrev found the following trace elements in glauconites
of different ages (Ordovician, Upper Jurassic, Lower and Middle Cretaceous)
of the platform of the Europeap part.ofthe USSR : Be, Sc, V, Cr, Co, Ni, Cu, Zn,
Y, Zr, Nb, Ta, Mo, Th, U, Li, B, Ti, Mn. Bentor and Kastner (1965) found that
Sr, Ba, Cr, V, Cs and Rb were present in glauconite. According to these authors,
}he presence of S.r, Ba and V is due to the occurrence of expanding components
in glauconite grains. Jasyrev (1966) is of the opinion that the majority of trace
elements are not inherent in the structure of glauconite but got into the grains by
way of sorption, or accompany the admixtures of other minerals contaminating
glauconite grains.
¥ (;r(l)moe()i:/stn]irilatjea(: lithium content in the analysed samples varies fro.m. 0.002%

). o Li. Jasyrev (1966) gives a figure of 0.01% Li for the Ordovician glau-
conites wheregs.more recent data (Nikolayeva, Borodayevskaya et al., 1971) referring
to the Ordovician glauconites are similar, varying from 0.032 to 604“/ Li,O for
the platf f th ' 052° Li

4 platform of the European part of the USSR and from 0.02 to 0.052% Li,0 for
tL.eO&;Jerlan platform. The same authors give ﬁgureg between 0.030 and 0?047"/0

12] or the present-day glauconites of the West African shelf.

thatréfJasr);;e‘;/;s;rgzlz;%n,i;gze;éer.centage of lithium is in intimate association with
; »1thas been found to be higher in dark-green grains,
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This fact substantiates the hypothesis that Li together with Fe?* occupies the
octahedral sites. During the oxidation of Fe?* lithium is released tfrom the lattice,
and this accounts for the low Li content in oxidized samples. It can remain in the
form of adsorbed ion, which accounts for exchangeability of Li* cation. Treating
with caution the non-quantitative data from Table 5, it can be inferred that lower Li
percentages in the analysed samples are due to average Fe’* content rather than
to the advanced oxidation process.

In the analysed samples an increased boron content, estimated at hundredth
parts of a per cent, was detected (Tab. 5). According to Jasyrev (1966), boron
enters into the structure of glauconite substituting for silicon in the silicon-oxygen
tetrahedra. He estimates the percentage of boron in the glauconites of the platform
of the European part of the USSR at 0.064%, whereas Nikolayeva, Simonova
and Borodayevskaya (1971) give values of 0.010 —0.180%; for the Ordovician glau-
conites of the same area and 0.037—0.200 % for the Siberian platform. According
to the cited authors, the average boron percentage in the Ordovician glauconites
of the platform of the European part of the USSR and the Siberian platform is
0.076 % and 0.058 %, respectively.

The crystallochemical formulae for the glauconites studied (Tab. 7) differ
primarily in the amount of iron and aluminium at the octahedral sites. In the Ordo-
vician glauconites of north-eastern Poland the Fe'/Aly, ratio varies from the
equilibrium state (Fe3*/Aly, = 1.04) in samples Olsztyn IG-2 and Dobre (Turnau-
-Morawska, Lacka, Wiewiéra, 1975) to 2.10 in Mielnik sample. The average Fe**/
/Aly, ratio for the 15 analysed samples is 1.34 while for 32 Ordovician glauconites
from various areas it is 1.55. The corresponding values of the Fe3*/Aly, ratio in
the average crystallochemical formulae for glauconites of different ages (Tab. 8)
vary from 2.06 to 2.62. The glauconites under study show slight prevalence ofxrpn
over aluminium at the octahedral sites (average Fe3*/Al,, ratio = 1.34), attaining
in the extreme case of Mielnik sample a value of 2.10, which corresponds to the
lower limit of the Fe**/Al,, ratio in the average crystallochemical formulae for
glauconites of different ages. 4 b

Variations in the content of the other components of glauconites are insignificant,
concerning mainly ferrous iron and potassium (Tab. 7). Compared with the average
crystallochemical formulae for glauconites of diffepent ages (Tab. 8), th'ere is in
general less Fe2* and more K per unit crystallochemical formula. Magnesium con-
tent is little differentiated (Tab. 7), and the amount of Mg?* ions at the octahedral
sites is somewhat less than reported for glauconites of different ages. From t_he
data in Table 8 it can be inferred that the average silicon percentage in glauconite
is virtually constant and little dependent on the geologicgl age of the sa‘rrgple‘

All the samples in question are in the field of Cambrian and Ordovician glau-
conites in the diagram of Shutov et al. (1973, p. 275, Fig. 3) which d_etermmcsvthe
relationship between the percentage of Al and Fe3*/(Fe** + Al y,)in glauconites

of different ages.
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Adam CHABLO

BADANIA SKEADU CHEMICZNEGO GLAUKONITOW
Z UTWOROW ORDOWIKU POLNOCNO-WSCHODNIE.J POLSKI

CZESC 11. ANALIZA CHEMICZNA I SPEKTROGRAFICZNA, WZOR KRYSTALOCHEMICZNY

Streszczenie

Wyniki 15 analiz chemicznych probek ordowickich glaukonitow z obszaru
potnocno-wschodniej Polski (tab. 3) poréwnano z odpowiednimidanymi dla glauko-
nitow ordowickich i réznowickowych Szwecii, platformy europejskiej cze$ci ZSRR
i platformy syberyjskiej (tab. 4). Glaukonity badane wykazuja srednio najwiek-
sza zawartos¢ krzemionki tak w stosunku do glaukonitow ordowickich porowny-
wanych obszarow, jak i roznowiekowych. Ogolnie glaukonity ordowickie zawieraja
srednio wigcej potasu niz réznowiekowe. Zawarto$é zelaza trojwartosciowego
(Fe,O,) wzrasta w nich w kierunku wschodnim (tab. 4). Na podstawie $rednich
zawartosci glinu i trojwarto$ciowego zelaza, badane probki glaukonitu zaliczono
do glaukonitéw o przecietnej zawartosci tych pierwiastkow wedhug podziatu
Borcherta i Brauna (1963), z tendencja w kierunku glaukonitu glinowego.

Analiza spektrograficzna wykazata obecno§é niewielkich ilosci pierwiastkow
Sladowych, ktorych szacunkowe zawartosci przedstawiono w tabeli 5. Na pod-
kreslenie zastuguje podwyzszona zawarto$é boru. Fakt ten jest zgodny z wynikami
uzyskanymi dla glaukonitow ordowickich pochodzacych z poréwnywanych ob-
szarow ZSRR.

W tabeli 7 przedstawiono wzory krystalochemiczne (strukturalne) badanych
glaukonitow, a na tej podstawie obliczono ich $redni wzor krystalochemiczny
(tab. 8). Obliczono tez wzér krystalochemiczny z 32 analiz wlasnych i zaczerpnig-
tych z pimiennictwa dla glaukonitu ordowickiego (tab. 8). Wzory te poré6wnano
ze Srednimi wzorami krystalochemicznymi dla glaukonitow roznowiekowych
(Hendricks, Ross, 1941 ; Smulikowski, 1954 ; Pollard, 1973). Glaukonity ordowickie
zawierajg wigcej glinu, a nieco mniej zelaza trojwartosciowego w pozycji oktaedry-
tycznej przy prawie takiej samej zawartoSci krzemu i glinu w pozycji tetraedrycznej
jak glaukonity roznowiekowe.

Adam XABJ10

NCCNEAOBAHMUE XNMUNYECKOTIO COCTABA
FMAYKOHUTOB U3 OBPA3OBAHUUN OPAOBUKA
CEBEPO-BOCTOYHOW MOJibWW

YACTb Il. XMMUYECKU M U CMNEKTPOTPA®UNYECKUWN AHANWNS,
KPUCTANNOXUMUYECKAA ®OPMYJIA

Pesztome
PesynbTarel xumuueckoro awanusa 15 npo6 OpAOBMUKMX rNAYKOHUTOB M3
ceBepo-gocTo4HOMN Monbwu (Tab. 3) cpaBHMBANWUCL C COOTBETCTBYHOWMMU AAH-

HbIMW OPAOBMLKMX M PA3IHOBOIPACTHLIX rnaykoHuTos Llseunn, nnathopmbl
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esponeiickoit Hactu CCCP u cubupckon nnargopmbl (Tab. 4). NccneaosdHHble
rNayKOHUTbI UMELOT (cpeaHe) camoe Gonblwoe coaepxaHue kpeMHeseMa KAk no
OTHOWEHNIO K OPAOBULKWM CPABHMBAEMbIX TEPPUTOPUN, TAK WU PAIHOBO3PACT-
HbIx. BooblyeM, OpAOBULKUE FNAYKOHUTLI COAEPXAT B CpeaHeM Gonbliee Konu-
JecTBO Kanus, Yem pasHosospacTHble. CoaepxaHue TpéxsaneHTHOro renesa
(Fe,0,) B HMX BOIPACTAET B BOCTOUYHOM HAMPABNEHUM (tab. 4). Ha ocHoeaHuu
CPeaAHero COAePXAHUA QMIOMUHUA W TPEXBANEHTHOrO Xcenesa UccneAoBaHHbIe
npobbl FMAyKOHUTA OTHECEHbI K rNAyKOHUTAM CO CPEAHUM COAEPXKAHMEM ITUX
sneMeHTOB cornacHo knaccudukaumn bopxapra u Bpayna (1963), c TeHaeHunen
B HANpaBfieHWW ANFOMUHWEBOrO rNAyKOHWTA.

CnekTporpaguyeckiit aHANK3 NOKA3AN Hanu4yne HeBoNbIMX KONUYeCTB
MUKPO3/leMeHTOB, NpUBNMUTENbHOE COAEPXAHUEe KOTOPbIX MNPeACTaBNeHO B
tabnuue 5. HeobxoauMo NoaYepkHyTh MOBbilEHHOE coAepxaHue 6opa. STor
$aKT COOTBETCTBYEeT PesyNbTATAM, MONyYeHHbIM ANl OPAOBULKUX rN1AyKOHUTOB
co cpasHusaembix Tepputopuit CCCP.

B tabnuue 7 NpeacTaBneHbl KPUCTANNOXUMUUECKUE (CTPYKTY PHbIE) GOPMY b
MCCNeAOBAHHBLIX FNAYKOHUTOB, @ HA 3TOM OCHOBAHWW MNOACYMTAHA CPeAHAs
kpuctannoxummuydeckas popmyna (tab. 8). Moacuntana 6bina Takxe KpUcTanao-
XxMMU4eckan GOpMyna Ha ocHoee 32 AHANM30B COBCTBEHHbIX W B3ATHIX C NMTEpaA-
TYPHbIX AGHHBIX ANA OPACBMUKOrO rnaykonuTa (Tab. 8). 3Tn hopMynbl cpaBHU-
BANUCH CO CPEAHUMMU KPUCTANNOXUMUYECKUMU GOPMYNAMU ANA PAZHOBO3PACTHbLIX
rnaykonutos (Tenapukc. Pocc, 1941 ; Cmynukoscku, 1954 ; Monnapa, 1973). Opao-
BULKME FMAyKOHUTBI COAEPXKAT HEMHOro Bonblie antOMUHUA, A HECKONBbKO MeHb-
e TPEXBANEHTHOrO Xere3a B OKTA3APUYECKOM Cfloe, MPU NOYTHU TAKOM >Ke CAMOM
COAEPXKAHUM KPEMHWUA W ANIOMUHUA B TETPA3APUYECKOM CNOe, KAK PAa3HOBO3-
pPAcTHble FNAYKOHWUTBI.



