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Abstract. Cu-bearing glauconite is a common constituent of the top part of
Weissliegendes intensely mineralized with chalcocite. It contains up to 2.02 wt.% CuO,
up to 1.13 wt.% FeO, a decreased SiO, content, and an anomalously high content of
Na;O (over 6 wt.%) and MgO (over 7 wt.%). Electron diffraction studies suggest that
the Cu-bearing glauconite is a 2M mica polytype with ao=5.19 £0.03, b,=9.00 +0.05,
€o=19.99 +0.10 and $=95.48° 10.47°. Cu-bearing glauconite has presumably formed
from normal glauconite present in the Weissliegendes as a result of its reaction
with Mg- and K-rich brine that was the mother solution for Cu mineralization.
The formation of Cu-bearing glauconite probably preceded sulphide mineralization,
being coeval with the dolomitization of Zechstein carbonates.

INTRODUCTION

In the copper-bearing Zechstein rocks of the Fore-Sudetic Monocline,
glauconite is particularly abundant in organogenic carbonates, where it
usually forms typical spheroidal grains. It exhibits typical optical features
in reflected light (intense green internal reflections).

Spheroidal grains characteristic of glauconite have also been reported
from copper-bearing sandstones, yet these forms do not show internal
reflections in reflected light. This fact, as well as the intimate association
of these forms with Cu sulphide mineralization, induced the present au-
thors to carry out detailed studies of this anomalous glauconite. In view
of its occurrence in forms typical of glauconite, its genesis and the copper
content, it has been called ,,copper-bearing glauconite”.

EXPERIMENTAL AND RESULTS

The chemical composition of Cu-bearing glauconite was analysed with
an ARL SEMQ electron microprobe operated at an accelerating voltage of
20 kV, a sample current on ThO, of 11 pA, a probe current of 140 uA, and
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i i 00 sec. The following spectral lines and s.tandards. we-
Egutfére}g: tlilrgle{ﬂ?lf\lalAISiaoa), MgK,(MgCOs3), AIKE(KA1$i3Oa), SiK,(KAISi;Og),
SK,(FeS,), KK,(KAISi;O), CaK,(CaCOs), FgKu(FeSZ) i CuK,(CusS).

When calculating the actual concentration of elements, corrections we-
re made for absorption (Philibert 15?(?85))’ fluorescence (Reed 1965) and for

i mbers (Philibert, Tixier 1 2
ator;llllgcrtl:on diffl(”action patterns were obtained with a Jeol JEM-100 B
electron microscope operated at an accelerating voltage of 100 kV. Parti-
cles for diffraction analysis were taken under the microscope from the

areas analysed by electron microprobe.
OCCURRENCE

Cu-bearing glauconite is fairly common in the top part of Weissliegen-
des, where it forms spheroidal grains (Phot. 1) up t0‘0.07 mm in size.
Cu-bearing glauconite with a low Fe content coexists with challcocllte. Cu-
-bearing glauconite with a high Fe content or normal glauconite is sepa-
rated from chalcocite by bornite. Cu-bearing glauconite differs from nor-
mal glauconite in that it shows no internal reflections in reflected light
which is probably a result of the presence of Cu ions in the crystal lattice.

CHEMICAL COMPOSITION

The chemical composition of Cu-bearing glauconite (Table 1) differs
widely from the composition of typical illite, glauconite or seladonite. Its
characteristic features are the increased Cu content while Fe is virtually
absent (Table 1, 93/B3, 93/B7), the decreased Si content, and the anoma-
lously high Na content while the content of Mg remains high as well. The
presence of Na only in the central part of the Cu-bearing glauconite grain
points to its relic character (Phot. 1). The Cu content in the marginal zone
of Cu-bearing glauconite (Phot. 1) is markedly lower (Ttable 1, 104/F1,
104/Al), suggesting that Cu migrated from glauconite to Cu,S. It can also
be inferred from this fact that glauconite is earlier than chalcocite. The
behaviour of Al, Si and Fe is entirely different due to the reverse direc-
tion of migration of elements trapped in Cu,S during crystallization from
Mg-rich brine, which is reflected by the high concentration of Mg in Cu-
-bearing glauconite (Table 1).

DIFFRACTION STUDIES

Electron diffract_ion was carried out on particles with a chemical com-
position corresponding to analysis 93/B3 (Table 1). The calculated unit cell
paggrzggeis areé @,=5.19 £0.03, b =9.00 £0.05, ¢ =19.99 +0.10 and g=
=05, *0.47°. They suggest that the Cu-beari 1 ite u
7 e e ring glauconite under study

Electron diffraction patterns (Phot. 2)
the reciprocal lattice, as _well as weake
example, by 1.5° for the 130 point. Cons
sa.telhtes with respect to the reciprocal 1
with respect to the 000 point, it is evid

show basal diffraction points of
r satellite points deflected, for
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ent that it is an ordered satellite
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lattice, somewhat displaced in relation to the basel lattice. Such a super-
structure in Cu-bearing glauconite may be indicative of the ordering of
Si and Al atoms in the tetrahedral sheet.

GENESIS OF CU-BEARING GLAUCONITE

Chalcocite that occludes the grains of Cu-bearing glauconite exhibits
cracks resembling desiccation structures (Phot. 1), which are particularly
pronounced on the scanning image in reflected electrons. This indicates
that Cu,S decreased in volume during crystallization, presumably due to
the migration of water from partly gelatinous Cu,S to Cu-bearing glauco-
nite. A more plausible hypothesis, however, is that of reciprocal migration
of elements: Al and Si trapped in Cu,S (up to 2.5 wt.% Si and up to
0.5 wt.% Al in chalcocite) during precipitation from mineralized brine to
Cu-bearing glauconite, and Cu and Fe from Cu-bearing glauconite to
occluding chalcocite. This thesis is borne out by the markedly higher Cu
content in the central parts of Cu-bearing glauconite grains (Table 1,
93/B3, 93/B7) and the considerably lower content of this element at the
grain boundaries (Table 1, 104/F1, 104/Al). The behaviour of Al and Si is
opposite. The hypothesis of migration of elements between sulphides and
Cu-bearing glauconite is confirmed by the bornite rim appearing as a ,,ha-
lo” round the Cu-bearing glauconite grain (Phot. 3).

Cu-bearing glauconite presumably formed from normal glauconite pre-
sent as a primary mineral in the Zechstein Weissliegendes. This is eviden-
ced by typical forms of occurrence of this mineral. During the reaction
with Mg- and K-rich brine (mother solution for Cu), Cu and Mg were
incorporated in the structure of glauconite, making it chemically similar
to seladonite. Parallel to the incorporation of Mg and Cu, Fe was leached
from the structure, and these processes gave rise to Cu-bearing glauconite
poor in Fe. Cu-bearing glauconite is older than sulphide mineralization,
this inference being borne out by the migration of elements: Al and Si to
Cu-bearing glauconite, and Cu and Fe to chalcocite (Phots. 1, 3). Cu-bea-
ring glauconite is presumably coeval with the dolomitization of Zechstein
carbonates.

Electron cicroprobe studies do not provide direct evidence that Cu is
incorporated in the structure of the 2M mica polytype under study. Va-
riations in SiO, content (Table 1) make it conceivable that Cu is associated
with chrysocolla, which is submicroscopically mixed with the 2M mica
polytype. Yet, because the grains of Cu-bearing glauconite (or seladonite)
are too small in size, they cannot be subjected to X-ray diffraction or
infrared absorption analysis. It is worth noting, however, that variations
in the Si: Al ratio (Table 1) have been observed for different grains of
glauconite, this ratio being constant within the same grain (Table 1, 93/B3,
93/B7).

Electron diffraction studies were carried out on 25 glauconite pellets
with a composition corresponding to analysis 93/B3 (Table 1), and none
of them yielded a diffraction pattern of chrysocolla, which at the given
Si: Al ratio (Table 1, 93/B3) should have the kaolinite symmetry. Moreo-
ver, the evidence against the hypothesis of Cu being incorporated in
chrysocolla is provided by the fact that copper content is twice to three
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times higher in places where the amount of SiO, is decreased by 8—10%
Table 1). ST . :

( Electron diffraction patterns show distinct satellite points .(Phot. 2)
that form a lattice displaced with respect to the basel lattice. This type of
superstructure may be associated with the ordered substitution of Cu for
Al in the tetrahedral sheet. It is feasible that Cu is not an interlayer ca-

tion.
1 Translated by Hanna Kisielewska
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GLAUKONIT MIEDZIONOSNY Z BIALYCH PIASKOWCOW
(WEISSLIEGENDES) Z CECHSZTYNSKICH ZLOZ MIEDZI,
POLSKA

Streszczenie

Glaukonit miedzionosny jest pospolitym skladnikiem stropowej czesci
bialego piaskowca silnie okruszcowanego chalkozynem zawiera do 2,02%
wag. CuO, do 1,13% wag. FeO, obnizong zawarto$¢ SiO, oraz anomalnie
wysoka zawartos¢ Na,0O (ponad 6% wag.) i MgO (ponad 7% wag.). Badania
dyfrakcyjne w mikroskopie elektronowym sugeruja, ze badany Cu-glauko-
nit jest polimerfem 2M miki z a,=5.19 +0,03; b,=9,00 *0,05, c,=19,99
+0,10 i =95,48° +0,47°. ’ ’

Cu-glaukonit powstal prawdopodobnie z normalnego glaukonitu obec-
nego w piaskowcu w reakeji z solankg bogatg w Mg i K, bedaca roztworem
macierzystym dla mineralizacji Cu. Wiekowo Cu-glaukonit jest prawdo-
podobnie weze$niejszy od mineralizacji siarczkowej, a rownowiekowy z do-
lomityzacja weglanow cechsztynskich.

OBJASNIENIA FOTOGRAFII

Fot. 1. SI\llll;l{gre(;fgég)gxaga Cq-glattllkor:jiéu ze stropowej czesci biatego piaskowca (Weis
] . — Swiatlo o ite, REI — obraz w elektronach i i
liny sugerujag wysychamg pierwotnie kolomorficznego cha1I«roz;(rill;,)ll)tygi1 ([s\ziczé-
Na, Cu, S — obrazy scaningowe rozmieszczenia pierwiastkéw R Sl

Fot. 2. Dyfrakcja elektronowa laukonit iedzi i j
v hode S Rudgna nitu miedziowego. Orientacja uvw=001. Pre-

Fot. 3. _()l;;:/f}){(:(l)l:}t bognitowz_l (oznaczpna strzatka) w chalkozynie wokét ziarna Cu-
g Itu. Sugeruje ona migracje Fe z glaukonitu w otaczajgcy chalkozyn.

Preparat 104/A1, strop biat i ¢ issli
5 Sl ks P Dbiatego piaskowca (Weissliegendes), kopalnia Rudna,
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Xenpoik KYXA, Adam HNECTIIHHbCKH, Anoxceii BE4OPEK

ME/JAbCOJAEPXKAIMI TJAYKOHUT B NMECYAHUKAX BEJOIO
JEXEHSA M3 LEXIITEMHOBBIX MEJIHBIX MECTOPOX/IEHUWA,
IMOJIbIIA

Pe3ome

MeEeHOCHBIM TJIAYKOHHT SIBIIAETCS PACTPOCTPAHEHHBIM KOMIIOHEHTOM KpO-
BEJIbHOM YacTH 6€JIoro necyaHuKa, WHTEHCHBHO OPYHEHEIOro XaabKo3uHOM. OH
conepxut 10 2,02 Bec. %, CuO, no 1,13 Bec. %, FeO, nonuxennoe xomyectso SiO,,
a TakXke aHOMaJlbHO BhicokMe KosmuecTBa Na,O (cBbime 6 Bec. %) 1 MgO (cBbiue
7 Bec. %). AudpakiuOHHBIE MCCIENOBAHUS B JJEKTPOHHOM MMKDOCKOTIE HAaBOIST
Ha MBICTb, YTO M3y4aeMbiii Cu — TJIAYKOHHT SABISAETCS MOJIMMOP(UYECKOH pasHO-
BUAHOCTHIO 2M cmroppl ¢ a,=5,19+0,03, 5,=9,00-+0,05, ¢,=19,994-0,10 u =
=95,48°4-0,47°.

Cu-TJIayKOHUT, IMO-BUAUMOMY, OOpa30BajCs M3 COMEPXKALIETOCH B MNECYAHHKE
rJTAyKOHMTA B MTOTE PEaKLMU C COJIEBBIMH pacTBopamu, boratbivu Mg u K, siBjsro-
LIMMHUCS MaTepuHCKumu pactBopamu mrs Cu opyaeHenus B Bo3pacTHoM oTHO-
mwenun Cu-riayKoOHWT, O-BHAMMOMY, Oosiee paHHMH yeM CyTbOHIHOE OpYyIEHEHHE,
M OJHOrO BO3pACTa C MOJOMHTH3ALMEH LEXIITEHHOBBIX KapOOHATOB.

OBBbSACHEHUS K ®OTOIPAGUAM

®oto 1. MukpodpoTorpadus Cu-rjiayKoHMTa M3 KPOBEIbHOH YACTH OIOro JIeKEHs
RL — otpaxenHsii cBeT, REI — u300pakeHHe B OTPAXXEHHBIX 3JEKTPOHAX (TPELMHbI
PEIIONAraloT YChIXaHWE MEePBOHAYAIBHO KOJUIOMOpGHOro xambkosuna), Si, Al, K,
Na, Cu, S — 37eKTPOHHOMHKPOCKOIMMYECKOE H300paKeHHE Pa3MELIEHHST XHMUYECKHX
37IEMEHTOB

®oTo 2. DnextponHas audpakuus Cu-rmaykoruta. OpueHTHpoBKa Uvw = 001. OGpasen 93/B3,
pyauuk Pynwa, ITonbma

®oto 3. BopauToBas kaeMka (0603HaYEHHAsI CTEPJIKOH) B XalbKO3MHE BOKPYr 3epHa Cu-riayko-
HuTa. OHA IPEANOIAraeT MAIrPALMIO W3 [JIAYKOHHTA B OKPYKaroLLmit Xabko3uH. O6paser
104/A1, KpoBns mecyaHHKa Oeloro NexeHs, pyAHWK PyaHa, OTpaXXeHHBIH CBET
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Phot. 1. Microphotographs of the copper glauconite from the top part of the Weis-

sliegendes. RL. — reflected light, REI — reflected electron image (cracks suggesting

drying of the primary colloform chalcocite are visible), Si, Al, K, Na, Cu, S — scan-
ning pictures of these elements. Sample 93/B3, Rudna mine, Poland
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PLATE 1I
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Phot. 2. Electron diffraction patern of the copper glauconite. Orientation uvw=001.
Sample 93/B3, Rudna mine

Phot. 3. A bornite rim (arrowed) in chalcocite surround
sence of the rim suggests migration of Fe
chalcocite. Sample

’ ing Cu-glauconite. The pre-
¢ rom glauconite towards surrounding
104/A1, top part of Weissliegendes, Rudna mine, reflected light
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