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A bs tract. Incrustations of secondary minerals of the hydrated sulphates series have been noted on
the surface of weathering granitoid rocks in the Strzegom-Sobétka massif. X-ray, thermal, microscopic
and IR spectroscopic studies, as well as chemical analysis have shown that the dominant component in the
sulphate associations is copiapite, accompanied by metaaluminite and gypsum. It has been found that
these minerals form within the zones of hydrothermally altered granitoid rocks, as the products of reac-
tions occurring during the weathering of pyrite and chlorite.

INTRODUCTION

Copiapites represent hydrated sulphates that formin the process of secondary al-
teration of sulphide minerals, mainly pyrite. The structure of copiapites was discus-
sed extensively by Fanfani et al. (1973) on the basis of their own studies and the data
of other authors (Bandy 1938, Berry 1947, Palache et al. 1946, Siisse 1970), while
their chemical formula was presented by Zodrow (1980). Earlier, in 1964, Kubisz
made a comprehensive crystallochemical study of copiapites from Poland. It is now
generally held that copiapite, characterized by a tetra-octahedral chain structure, has
the following chemical formula: XR3* (SO,4)s (OH ),-nH, O, where’n = ZQ. and ex-
tensive substitution of mono- and bivalent cations (e.g. K*, Na*, Ca®*, Cu®*, Zn*,
Mg?*, Mn?*, Fe?") and also of trivalent aluminium is possible at the X site.

In Poland, copiapites were reported from the Staszic mine at Rudki (Wieser
1949), the Bolestaw zinc and lead ore mine (Zabinski 1960), .Dobr’zyn.on the Vistula
(Mazur 1962), a pyrite-bearing schist quarry at Wiesciszowice (Kubisz 1964), and
from the brown coal mine in Turoszéw (Stgpisiewicz 1983). ] , ‘

Most copiapites described so far occur in sedimentary formations mm_erall'zed
with sulphides, where the conditions are suitable for the migration of solutions and
the precipitation of sulphates. Much less common are sulphate occurrences in crys-
talline rocks. Such occurrences are represented by copiapite found by the present
author at Boréw near Strzegom, Sobotka Zachodnia and Zarw near Swidnica. De-
tailed investigations were carried out on samples collected from a quarry at Borow.
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CONDITIONS OF OCCURRENCE OF COPIAPITE

During field investigations carried out in the granitoid massif of Strzegom—So-
botka in the years 198 1-1983, the author found lemon-coloured mineral concentra-
tions on the weathered surface of hydrothermally altered granite that generally
forms narrow, nearly vertical zones. These zones comprise granite crosscut by quartz
veinlets of varying thickness, showing hydrothermal-pneumatolitic mineralization
(Kowalski 1967, Majerowicz 1975). Besides rock-forming minerals typical of gra-
nite (quartz, K-feldspar. plagioclases), the rock in question has an increased content
of pyrite and chlorite. Planimetric analysis has shown that pyrite makes up 0.9 and
chlorite 1.0 vol. % of the rock. Both the mineralogical composition and the structu-
ral and textural features of this granite variety favour the formation of secondary sul-
phate minerals (August, in press). Depending on the progress of hypergene proces-
sesin the zones in question, granite is either bleached due to the illitization and kao-
linitization of feldspars and mica (August, in press), or has a green colour when Fe
sulphides alone are subject to weathering.

Copiapite in the form of lemon-coloured microcrystalline efflorescences coats
with a thin, up to a few mm, layer the weathered surface of granite, or to be more
precise, the illite-kaolinite weathering crust of granite. The copiapite efflorescences
are accompanied by other secondary sulphate minerals, of which larkspurs and
rosette-like aggregates of gypsum needles are readily detectable under the micros-
cope. Single acicular crystals of another mineral, most likely metaaluminite, have
also been identified. Since the percentage of these accompanying minerals is very
low, they will not be the object of further studies.

Fig. 1. X-ray diffraction patterns
C — copiapite. M — metaaluminite

of copiapite from Alcaparossa (A) and Borow (B)
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EXPERIMENTAL

Investigations were carried out on lemon-coloured concentrations picked out
under the microscope. Though the selection was made with utmost care, the samples
contained slight admixtures of other mineral substances. :

Microscopic observation in transmitted light was carried out on a sample cold
embdedded in epoxy resin. The sample was also subjected to scanning electron mic-
roscope studies.

Thermal analysis was made with a 1500°C-type Derivatograph under standard
cl(())r:)dmons at a heating rate of 5 and 10°C/min., taking weighed portions of 660 and

mg.

X-ray diffraction patterns were recorded with a DRON-2 X-ray diffractometer,
using Fe-filtered CoK, radiation.

Infrared spectra were obtained with a Perkin-Elmer 180 spectrometer.

Chemical determinations were carried out on a dissolved sample. Owing to the
free water solubility of copiapite, the solution to be analysed was free from insoluble
admixtures which were detected during phase analysis. Water content was determi-
ned with TG method, taking the mean value of two thermal analyses.

To establish the stoichiometric formula of copiapite, the model of linear equa-
tions devised by Zodrow (1980) was employed and solved using an Odra 1305 com-
puter.

RESULTS AND DISCUSSION

Microscopic observation in transmitted light permitted the determination of ba-
sic optical features only. Viewed under the microscope, copiapite appears to be
a flaky mineral of yellowish colour. It shows very weak pleochroism (from pale-
-yellow to yellow) and low interference colours. In the marginal zones of flaky con-
centrations, the crystals become brown due to the sulphate passing into iron hydro-
xide. The yellowish copiapite concentrations are accompanied by gypsum appearing
as idiomorphic lamellae. In the scanning electron microscope, tabular crystals of
copiapite are visible, forming botryoidal concentrations (Phots. 1, 2).

X-ray diffraction patterns are presented in Fig. 1. Worth noting are the strongest
reflection (about 18.3 A) displaced towards low angles, and the two partly overlap-
ping 9.22 and 9.04 A peaks. Itis also interesting to note that the intensity of certain
characteristic reflections is reversed relative to the corresponding peaks on the po-
wder pattern of copiapite from Alcaparossa (e.g. 18.3 and 9.22; 6.13 and 5.90; 4.13
and 4.02 A). Moreover, some basal lines (9.22, 6.19,5.58,4.69,4.48,4.33,3.88A)
are split or their peaks are not sharp, which suggests the presence of two substances
of similar structures, displaying reflections in similar angle ranges. The X-ray data
obtained accord well with those presented by Kubisz (1964). According to this
author, the 18 A reflections displaced towards low angles are typical of pseudocopia-
pites containing aluminium at the X site. The present results are also in good agree-
ment with the data obtained for aluminocopiapite from Alaska (Jolly, Foster 1967).
On the other hand, they differ in some respects from copiapite from Alcaparossa,
which is regarded to be a magnesium copiapite (Stsse 1970). The X-ray diffraction
pattern of copiapite from Borow also shows reflections coryespondmg to the main
peaks of metaaluminite (e.g. 8.31, 6.88,5.72,4.39 A) described py Frondel ( 1968).

The results of thermal analysis of the sample from Borow (Fig. 2) are typical of
copiapites (Kubisz 1964, Fanfani et al. 1973). Three peaks appearing on DA DTG
and TG curves correspond to three kinds of endothermic reactions. Their mechanism
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was discussed extensively by Kubisz (Lc.). The dehydration of the Borow copiapite
involves three stages, producing endothermic peaks at 150, 190 and 240°C on DTA
curves, with the corresponding weight loss on TG curves of 9.1, 11.8 and 5.0 wt.%
respectively. The three-stage dehydration of copiapite was accounted for by Kubisz
by the presence of water of different bonding energy. His suggestions were confir-
med by the structural studies of Fanfani et al. (Lc.). The dehydroxylation of copiapite
occurs at 340 and 540°C, the weight loss being 1.8 and 1.2 wt. % respectively. Itis ge-
nerally held that it should take place at about 340°C (dissociation of compounds of
the Fe, (OH) and Fe(OH) type). However, Kubisz assumes that this process may be
completed at 540°C. Though this is conceivable, it must be pointed out that in the
sample studied, a certain undetermined amount of OH groups are removed during
the dehydroxylation of kaolinite. The presence of a very small amount of the latter
mineral was detected by X-rays. The dissociation of sulphate compounds in copiapite
produces a strong endothermic peak with a double maximum at 740 and 8 10°C, and
a weaker but pronounced peak at 960°C. The weight loss corresponding to dissocia-
tion is 30 and 3.3 wt.% respectively. Thermal analysis made at a heating rate of
5°C/min. shows that the latter peak is double as well. The shape of the presented en-
dothermic peaks is presumably a result of the successive processes of dissociation of
iron, magnesium and aluminium sulphates that form as intermediate phases during
\ the heating of copiapite. One the latter effects (940 or 960°C) has been attributed to
the dissociation of metaaluminite, which was detected in a small amount by X-rays.
The infrared absorption spectrum of the Borow copiapite contains bands typical
of sulphates (Fig. 3). It shows absorption bands characteristic of the tetrahedral, yet
slightly deformed, configuration of SO,ions, which is evidenced by v, (~ 1000 cm™")
and v, (~ 450 cm™") vibrations ( Kubisz, Zabinski 1979). A weak absorption appea-
ring close to 2450 cm™" testifies to the presence of H;O" ions (Kubisz, Zabirski
1979). Moreover, there are strong absorption bands caused by vibrations of crystalli-
zation water (~ 1620 cm™ ") and OH groups (~ 3530 cm™ '). Compared with the in-
frared spectrum of copiapite from Borate, California (Fig. 3) (Van der Marel,
Beutelspacher 1976), the respective bands are somewhat displaced, which is presu-
mably due to the differences in chemical composition of the two copiapites.
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Fig. 3. Infrared absorption spectra of copiapite from Borate, California (A) and Borow (B)
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The chemical analysis of copiapite from Borow is presented in Table 1. The cons-
tituents entering into the composition of metaaluminite were notisolated sinice it was
assumed that the content of this mineral in the sample prepared for chemical analysis
was insignificant. As was mentioned earlier in this paper, the atomic percentage of
chemical elements was calculated by solving a set of linear equations. Deriving from
the general crystallochemical formula (XR4(SO4)s(OH),- r}IjIz 0), this model assu-
mes that cations at the X site should satisfy the conditions 0< X< I, while
0 < R3*=< 1 (Zodrow 1980), it was also assumed in this paper that aluminium pre-
sent in copiapite partly occupies the R site (as a complement to Fe*) and partly
(after deducting the amount at the R site) the X site. :

On the basis of chemical data and the above assumptions, the following stoichio-
metric formula was established for the Borow copiapite: Oy, 112Nao. 010 Cao. 006
Mg, , o Mn, o Fe2 Al 50 (Feg Al 5,) (SO,), (OH), - 20 H,0. Since the sum
of cations at the X position is less than the theoretical values equal to 1 (it is
0.888), the problem of full occupancy at this site remains an open question. Because
of the lack of detailed studies, some assumptions may only be made regarding the
occupancy at the X site. In the author’s opinion, there are three possibilities of filling
this position in the Boréw copiapite:

1. The vacant X sites are occupied by hydronium ions H; O™ (they have been
found at this position in some sulphates, Kubisz 1967).

2. Trivalent aluminium at the X position compenstates for the opposite charges
in the structure of copiapite, although the X position itself is not fully occupied (Fan-
fani et al. 1973).

3. Both (1) and (2) occurin the copiapite studied, generally maintaining the ele-
ctrochemical equilibrium in the crystal lattice.

For the lack of sufficient data, the author does not feel equal to solving the pro-
blem of occupancy at the X site in the structure of copiapite from Boréw.

The above remarks and doubts concerning the chemical composition of the
Bor6w copiapite do not interfere with determiningits position in the mineral series of
the copiapite group. Taking into consideration Zodrow’s (I.c.) crystallochemical cri-
:}e]r_la of classification, the copiapite studied is a magnesium-aluminium member of

is series.

CONCLUSIONS

From the foregoing discussion it appears that the sulphate from Borow is a ma-
gnesium-aluminium copiapite (or according to Zodrow’s classification, a magnesium
aluminocopiapite). It is accompanied by subordinate metaaluminite and gypsum.

The presence of copiapite and other sulphatesin the weathered granitoid rocks of
the Strzegom-Sobo6 tka massif testifies to the developmentof sulphate mineralization
which, together with llitization and kaolinitization, was a result of the far-advanced
ehemical weathering of granitoid rocks of this region. A prerequisite for the deve-
lopment of sulph ate mineralization in weathering rocks is the presence of FeS, in the
parent rock (grfanlte). Pyriteis the principal sulphide occurring in the hydrothermally
altered granitoid rocks of the Strzegom massif. Due to exploitation, zones of hydro-
thermally altered granites have been exposed, in which the weathen',ng of pyrite pro-
ceedsata rapid rate owing to the availabi lity of atmospheric oxygen and water migra-
gglg] glfthe f:ssures of fractured rock. An additional agent promoting the decomposi-
o pgsrilﬁirr:la)ff be sulphur and iron bacteria (Pohl, White 1965). The products of
£ pd = Ot pyrite, e.g. sulphuric acid, accelerate the decomposition of feld-

pars and chlorite which are the main source of aluminium, magnesium, calcium and
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: ’ Table 1
Chemical analysis of copiapite from Borow

Chemical :

component Weight % Molecular number
Na, O 0.06 Na 0.010
MgO 0.51 Mg 0.159
CaO 0.03 Ca 0.006
MnO 0.05 Mn 0.009
FeO 1.78 Fe?* 0.311
AL Oy 1.85 Al 0.520
Fe, 05 22513 Fet 0.873
SO, 49.10 6.06
H,O 25.00 20.04

100,51

other elements entering into the composition of copiapite and the coexisting sulpha-
tes found in the weathered granitoid rocks of the Strzegom—Sobdtka massif.
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Czestaw AUGUST
COPIAPIT Z BOROWA KOLO STRZEGOMIA, DOLNY SLASK
Streszczenie

W obrebie granitoidowego masywu Strzegom—Sobo tka, w strefach hydrotermal-
nie przeobrazonych, zaobserwowano na zwietrzatych powierzchniach granitow cy-
trynowozolte wykwity. Najwigkszy zasigg tych wystapien stwierdzono w kamienio-
tomie w Borowie koto Strzegomia. Badania fazowe wykazaly, ze mikrokrystaliczne
skupienia wtornych mineralow sktadaja sie glo wnie z copiapitu, ktoremu podrzednie
towarzysza metaaluminit i gips. W elektronowym mikroskopie scanningowym co-
piapit z Borowa ujawnia si¢ jako mineral o pokroju tabliczkowym tworzacy gro-
niaste agregaty (fot. I, 2).

Wyniki badan rentgenowskich i termicznych copiapitu z Borowa sg zblizone do
danych dla aluminocopiapitu z Alaskii magnezowego copiapitu z Alcaparossa. Ana-
liza chemiczna dokfadnie wyseparowanych skupien copiapitu wykazatla, ze nalezy
on do magnezowo-glinowego cztonu grupy uwodnionych siarczanow. Jego stechio-
metryczna formufa obliczona metoda zaproponowana przez Zodrowa przed-
stawia si¢ nastepujaco: (DU.H:Nao.mocl‘lo.oouMg().150 Mn().ouo FC(Z).*.—MAIU.,\«M) (FCS;’H
Aly.127) (OH),- 20H, O. Problem niepetnej obsady pozycji X w strukturze copia-
pitu autor probuje rozwigza¢ przyjmujac nastgpujace mozliwosci:

I. w pozycji X, poza stwierdzonymi kationami, wystgpuja rowniez jony hydro-
niowe H;O".

2. kationy AI’* wystepujace w pozycji X kompensuja brakujace tadunki katio-
now jedno- i dwuwartosciowych (wg koncepcji Fanfani’ego i in. 1973).

3. W badanym copiapicie zachodza oba w/w przypadki.

i Obecnosc copiapitu i innych mineralow siarczanowych w zwietrzelinach granito-
idow masywu Strzegom-Sobdtka Swiadczy o zaawansowanym procesie wietrzenia
pirytui chlorytu oraz o zaistnieniu w ostatnich latach sprzyjajacych warunkéw klima-
tycznych (ciepte i suche okresy letnie 1980-1983) dla krystalizacji siarczanow.

OBJASNIENIA FIGUR

Kig {l¥ Qy‘frznk!{\grgmy’ rentgenowskie copiapitu z Alcaparossa (A) i z Borowa (B)
i (D— copiapit, M — metaaluminit
12. 2. Derywatogramy copiapitu z Alcaparrosa (A) iz B a (b S¢ grzania 10°C/mi age
DTGBk 660 s p: ) orowa (B). Szybkos¢ grzania 10°C/min, waga

Fig. 3. Spektrogramy absorpcyjne w podezerwieni copiapitu z Borate, California (A) i z Borowa (B)
OBJASNIENIA FOTOGRAFII
Fot. I. Groniaste skupienia copiapitu z Borowa. Pow. 600x

Fot. 2. Krysztaly copiapitu o pokroju blaszkowym. Pow. 2000 x

Zdjgcia wykonano na SEM Tesla 300).

Yecrae AYIYCT

KOMUANUT U3 BOPOBA BO3JE CTIWEFOMA, HUXHAA CUNE3NA

Pestome

B ruaporepmanbHO M3MEHEHHbIX 30Hax rpaHUTHOro maccvsa CTuwerom—
—CobyTka Ha BbIBETPENbIX NOBEPXHOCTAX rPAHUTOB 6bINN 3aMEYEHbI TUMOH-
HoXenTble BbiLuBeTbl. Hanbonbwee pacnpocrpaHeHue 3TUX BbiLBETOB 3ame-
4yeHo B kamHenoMHAx B Bopose Boane Ctweroma. ®asosble uccneaoBaHmA
nokasanu, 4T0 MUKPOKPUCTaNIMYeckne CKONNeHUa BTOPUYHbIX MUHEPanos
COCTOAT rNaBHbIM 06pPa3oM, U3 KONMaNUTa, ¢ CONYTCTBYOWMUMWN B NOAYUHEH-
HOM KOJSIM4eCTBE MeTaantoMUHUTOM U rMNcom. B anekTpOHHOM CKaHUHTOBOM
MWKpOCKone konuanuT us boposa HabnoaaeTca B BUAE MuHepana Tabnutya-
Ton bopMbl, 06pasytowero rpos3aesuaHblie arperatbl (pot. 1-2).

PeaynbTaTbl pEHTFEHOBCKUX U TEPMUYECKUX UCCNEeA0BaHUIA konnanuta U3
BopoBa NoAo6HbI pesyfibTatam MosyYyeHHbIM ANA antomokonuanuTa na Ans-
CKW Y MarHMeBoro konuanuta ua Anbkanappoca. XMMU4YeCcKUini aHanua Tuiate-
NbHO OTCEenapupoBaHHbIX CKONNEHWIN KoNnnanuTa nokasarsn, YTo OH NpuHaane-
XWUT K MarHWeBO-anloMUHWEBO rpynne rmapaTMpoBaHHbix cynbgatos. Ero
ctexmomerpuyeckas Gopmyna, paccyutaHHaa No MeToAy NpeanoXeHHOMY
30ApoBbIM, cneaytowan:

(O Na Cay 406 Mo, 150 Mg 00 Fedii Aly s03) (Feglsa Blo: 127(OH), , 20H,0.

0.112 0.011
Mpo6nemMMy HenonHOro 3anofnHeHUA Nosuuun X B CTPYKType konuanuTta
aBTOP NbITAETCA PEWmnTb, MPUHUMAaRA: :

1. B noauuum X, KpOMe OTMEUEHHbIX KaTUOHOB, UMEIOTCA TakXKe rMAPOHO-
Bble MoHbl H3OF.

2. KaTuoHbl AP, 3aHUMaloWmMe MecTo B NoauLnm X, KOMNEHCUPYIOT He-
AocTalowme 3apAabl OAHO- U ABYBANEHTHLIX KaTMOHOB (MO KOHUeNnuuu DaH-
cdaHun 1 apyrux (1973).

3. B uccneayemMoM Konvanute WMelT MecTo 06a BblluenepeyncneHHble
cnyyau. MpucyTcTBME KONWANWUTa U APYTUX CynbdaTHbIX MUHEPANos B KOpe
BbIBETPUBAHWA rpaHMTOMAOB mMaccua CTwerom—CobyTka cBMAETENbCTBYET
0 Pa3BUTOM NPOLECcce BbIBETPUBAHWA NUPUTA W XNOPUTA @ TAloKe O NOABNEH U
B NOCMEAHWX roAax KNMMaTU4ecKnX yCnoBUMi, cnoco6CTBYIOWNX KpUcTanim-
3auumn cynbdaros (Tennbie u cyxue netHne nepuoas 1980-1983).

OBbACHEHUA K OUrYPAM

®ur. 1. PentreHoBckne AndpakTorpammbl konuanura us Anbkanappoca (4) u u3 boposa (8)

C — konuanurt, M — metaanioMUHUT
Qur. 2. JepuBaTorpaMmbl konuanuTa us Anbkanappoca (4 ) n boposa (B). CkopoCTb HarpesaHua

10°C/muH., Bec Npobbl 660 mr.
Qur. 3. UK-cnekTpbl NOrNoweHnsa konuanura usa Boparte, Kanudoprua (A) u 13 Boposa (B)

OBbACHEHUA K ®OTOrPAOUAM

opmbl n3 Boposa. YBenuuerue 600x%

nWTa rpo3AeBUAHON
®oTo. 1. CkonneHua konua po3AeBUA b . b aTorpacian abmonHeH

®oto. 2. Kpucrannsl konuanura nnactTMHYaTom GopMmbl. YBen.
Ha C3M Tecna 300
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Phot. 2. Flaky copiapite crystals. Magn.x2000

Photographs were taken in SEM Tesla 300.

Czestaw AUGUST — Copiapite from Boréw near Strzegom Lower Silesia



