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Abstract. X-ray, IR spectroscopic and quantitative chemical analyses were carried out on
a dark mica separated from minette penetrated by a borehole near Zawiercie. It has been found that
it is phlogopite (3T) with the unit cell parameters: a = 5.317+0.002 A, ¢=30.031+0.01 A, c/a=
—5.648, and the structural formula: (K;.s1Nay,38Cao.32) (Mgs.0sFe2 % Fed %, Tio.saMno 01 Lio.o1
o.30) [(Sis.1sAlL.18Fe3 )00l (F1.000H1.8600.24). These results confirm the earlier observations
that dark micas from minettes, kersantites and alkaline rocks are usually phlogopites.

INTRODUCTION

A typical component of lamprophyres (semilamprophyres) occurring in the NE
margin of the Upper Silesian Coal Basin is dark mica which therefore, on the
basis of microscopic studies, has been referred to as biotite (Malkowski, Karasif-
ski 1928; Sliwinski 1960, 1964; Juskowiak 1971; Ryka 1974). During the petro-
graphic studies of lamprophyres deriving from new boreholes near Zawiercie (Heflik
et al., 1985), this mica was separated from minette penetrated by the ZMZ-94
borehole. The mineral was subjected to quantitative chemical analysis, X-ray diffrac-
tometric and IR spectroscopic studies.

EXPERIMENTAL
Separation

The rock was ground in the Abbich mortar and sieved on 0.2, 0.4 and 0.6 mm
mesh screens. From the 0.4—0.6 mm fraction the heavy fraction enriched in mica
was separated in bromoform (specific gravity = 2.98 G/cm®) and purified by hand,
in the field of view of a stereoscope, of any subordinate admixtures of other com-
ponents.

* Institute of Geology and Mineral Deposits, Academy of Mining and Metallurgy in Cracow
(Krakow, al. Mickiewicza 30).
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Quantitative chemical analysis

Si0, and Al,O; were determined on melting of about 0.5 g sample with Na,COy3,
the former by gravimetric and colorimetric methods, the latter by direct method,
using EDTA standard solution and PAN as an indicator. The total Fe content
(Fe2* +Fe3*), as well as the content of Mg, Ca, Mn, Cr, Na, K, Li, Rb and Ti,
was determined from about 0.1 g sample decomposed through treatment with hydro-
gen fluoride. (Fe?* +Fe®*), Mg, Ca, Mn and Cr were determined with ASA me-
thod, while Na, K, Li and Rb by flame photometry with a Pye Unicam SP-90B spec-
troscope, under the conditions recommended by the manufacturer. Fe?* content
was determined by means of manganometry after the decomposition of about 0.1 g
sample in concentrated HCI. Ti was determined colorimetrically with the peroxide
method, using a Carl Zeiss Jena “Specol” spectrocolorimeter. H,O™ and then H,O*
were determined on about 0.5 g sample, adopting the generally accepted methods.
Fluorine content was determined after 0.5 g sample had been melted with a mixture
of Na,CO;+ZnO and distilled off from other components. Distillation was carried
out in a mixture with concentrated HCIO,, supplying water vapour to the bottom
of the distillation flask. The determination was made by titration of fluorine and S
alizarin complex with Th(NO;), solution.

X-ray analysis

X-ray diffraction patterns were recorded with a DRON-1.5 diffractometer. The
instrument settings used were: CuK, radiation (/,, =1.541778 A), Ni filter, /=
=20 mA, V=36 kV, counter speed v; =1°/min., chart speed v, =600 mm/hr.
The error of measurements of 2 0 angles was A2 6 = £+ 0.01°. In order to obtain the
most accurate values of dy,; and lattice parameters, corrections were made to elimi-
nate errors arising from the vertical divergence of radiation, Lorentz factors and
polarization (Botd, Kosider 1967).

Infrared spectroscopic analysis

Infrared spectra were recorded in the wave number rangés of 3800—3000 cm ™!
and 1800—400 cm™' with a Carl Zeiss Jena UR-10 spectrometer. The analytical

conditions were: sample mass 1 mg, KBr discs, chart speed 50 cm ™ !/mi -
ing breadth 50 cm™! =12 mm. > ‘Son ity

RESULTS

Macro- and microscopic data

The mica in question makes up 10—25 vol. % of the ro i inci
BT ck, being the principal
component of phenocrysﬁs (Phot. 1). Macroscopically it is black org blacllz-broév)n
and_ commonly appears in t‘he form of thick idiomorphic flakes with a hexagonai
habit (Phot. 2), varying in size from 0.025 to 4 mm, averaging 0.2—0.5 mm

Viewed under the microscope, the mineral displays strong pleochroism: o — pale

ellow, B=y— i R -
%‘he opt?caly yellow-brown, of varying intensity even within individual flakes.

e Olgle;eroge.nellty of flakes be_com.es more pronounced at crossed polars
colou£s n i r_(>1pg3c;. 2f{:]atures of this mineral are: bright, medium interference
R : tp 1 v =1.637,2V, =0 to a dozen or so degrees, negative optical character.

optical properties correspond best to phlogopite. Most mica flakes are inter-
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Table 1
Interplanar spacings (dix) of phlogopite from lamprophyre from ZMZ-94 borehole
d(A) 1 hkl d(A) 11 hkl
9.98 100 003 2.257 1 117
5.00 5 006 2.173 5, 118
4.60 1 100 2.003 90 00.15
3.924 1 104 1.907 1 11.11
3.657 5 105 1.833 1 Lh124 1045
3.340 100 009 1.670 25 11.14; 00.18; 215
35139, 10 107 1.53% 15 300
2.912 10 108 1.432 20 00.21
2.703 ) 109 1.360 10 10.21; 11.19
2.649 1 111 1.329 1 220
2.622 15 112 1.341 1 10.22
2.503 75 114; 00.12 1.306 1 11.20; 224
2.433 5) 115 1.253 10 00.24

grown with apatite crystals of varying size (Phot. 4). Occasionally they contain
inclusions of opaque minerals (magnetite?).

The micas in question are generally little, altered, although the other rock com-
ponents have usually been subject to intense alteration. The most common pheno-

menon is their decolouring due to conversion into hydromica and then into vermi-

culite. Less common is their replacement by chlorites or light mica with the optical
features of muscovite (phengite?) and by carbonate ‘minerals.

X-ray diffraction data

X-ray diffraction patterns obtained for the mica studied are presented in Fig. 1
and Table 1. According to the ASTM classification, they correspond to phlogopite,
trigonal polytype 3T.

114;00.12

00.15

11.14;00.18; 215

10.21;11.19
00.21
118
115

nz

0 60 50 40 0 20 10°26
CuKet
Fig. 1. X-ray diffraction pattern of phlogopite from lamprophyre from ZMZ-94
borehole

Reflections attributed to small admixtures of other minerals: Ap — apatite, Hph — hydrophlogopite,
K — kaolinite
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calculated from five strongest reflections (/> 10)

it cell parameters,
s el cen 50 and 80°, are as follows: a = 5.31740.002 A.

lying in the 2 6 angle range betw
¢=30.03140.01 A, c/a=>5.648.

Infrared absorption data

A comparison of the infrared spectrum obtained (Fig. 2) with the spectra‘of
trioctahedral micas — biotite, phlogopite (Moenke 1962) — show§ that th(? mica
studied has an intermediate character between biotite and phlqgoplte, yet with the
marked dominance of the phlogopite component. The determinant _role of magne-
sium in the structure of the octahedral sheet is indicated by the position of th.e most
intense absorption bands in the IR spectrum, regarding both O—H ..Me and Si—O...
Me groupings. The most intense OH stretching absorption is ceqtrc}d close to
3700 cm~ ! and corresponds to OH ™ ion situated over the triad consisting of three
Mg>* ions. No other bands caused by stretching vibrations of OH™ group whlch
would coordinate the octahedral cations in a different way than the one described
above have been recorded. The low absolute intensity of this absorption implies
that the analogous structural positions may be partly occupied by F~ or @©Z&on!

3600 3400 3200 3000 100 1400 1200 1000 600700 600 500 400
cm’!
Fig. 2. Infrared absorption spectrum of phlogopite from lamprophyre from ZMZ-94 borehole

The basal absorption band in the spectrum, lying close to 1000 cm ™~ ! also confirms
the earlier inference on the role played by magnesium in the structure of the octahe-
dral sheet. The 1007 cm™' band, arising from Si—O. .. Mg ['V] (FetV1) vibrations,
is a poorly resolved doublet with the other component centred close to 990 cm ™.
The position of this band is similar to that of an analogous absorption in phlogopite
(1010 em™ 1Y), but differs more markedly from its position in biotites (1000 Cnifs)
(Moenke 1962). Similarly, the poorly resolved 465 and 455 cm ™! doublet, attribu-
ted to Si—O and Si—O—Mg"1 vibrations, substantiates the conclusion drawn by
the present authors.

Chemical analysis
The result; of quantitative c'hemical analysis and its recalculation to the chemical
lformu]a((l)(f mlc§ are pCrcsented in Table 2. The resulting structural formula is as fol-
OWs: 1.510N80.38Ca 3,) (Mg ggFe2”; Fed 4, Ti Mng o, Li I Si
AlzlﬁsFegl‘*‘ls)Ozo] (FI.QOOHI'SGOOIL‘). 81 0.27410.54 0.01+~%0.01 0.39) [( RLD
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Table 2
Chemical analysis of phlogopite from lamprophyre from
ZMZ-94 borehole

Component | Weight %
SiO, 35l
RS, i K (— 1.514
) s Na — 0.375 22

233 '
FeO 6.60 w ﬁa e (3)'332
MgO 18.2 :[? %4— .
Vi, E 3 Fe?* — 0.809
L - 3 Feshe 0274 5.609

23 ol = Ti = U0
Li,O 0.01 <+ : gl

i g | Mo — 0.007
TiO, 4.87 (o] s
s 5 g L‘l — 0.006
e T o Si — 5.145
L 8-10 = Al"— 21678 8.000
R; 5 . : et =017

2 & ‘g F — 1.901
H,0) 0.48 =
il 1'42 OH — 1.859 4.000
i 4. ORI Ei0i0

il O == 90!000)
—O0=F, 101.91
1578

It appears from the above data that the mica studied represents one of the mem-
bers of the isomorphous series annite K,Feq[SicAl,0,,] (OH), — phlogopite
K;Mgg[SicAl,0,0](OH),, on the borderline between magnesium biotite — meroxe-
ne and phlogopite. However, the Mg/Fet"'! ratio of 3.6, exceeding considerably
the 2:1 ratio which is generally regarded as a value separating biotites and phlogo-
pites (Deer, Howie, Zussman 1962), indicates that the mineral in question is a phlogo-
pite. This statement is further borne out by the classification of trioctahedral micas
in the triangle Mg?*, Mg®*(Al, Fe**, Ti), Mg?*(Mg?*, Fe?*, Mn2") ( Foster 1960),
as magnesium occupies as much as 66% of octahedral sites in the octahedral sheet.
The absence of aluminium at the octahedral sites, or even too small an amount to
fill up, together with silicon, the tetrahedral positions, is also a feature characteri-
stic of phlogopites. Because of too low occupancy at the Si and Al tetrahedral sites,
it was necessary to assume the presence of Fe®' in the tetrahedral sheet. The pre-
sence of Fe*" jon is a result of the AIM™1« Fe3*UV1 sybstitution, which can take
place in phlogopite up to the boundary value determined by the compo-
sition KMgsFe[Fe3*Sis0,,] (OH), (Crowley, Roy 1964).

A feature deserving note is the increased content of Ti**, running up to maxi-
mum contents noted in micas of the biotite — phlogopite series. The incorpora-
tion of Fe** and Ti** ions in the octahedral sheet is connected with the (AI**/Fe3*)
— Si** substitution at tetrahedral sites, or with the formation of vacancies in the
octahedral sheet (due to oxidation, e.g. of Fe?™). Tri- and tetravalent ions can occupy,
on the average, one out of three available structural positions, the number of ca-
tions decreasing (Radoslovich 1963). At the sum of Fe®* and Ti** ions at the octa-
hedral sites being 0.81, the total content of cations in the octahedral sheet is about
5.61, which is in good agreement with the above observations.
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CONCLUSIONS

The above studies have demonstrated unequivocally that"du.rk’ n;lrlc‘:u f(lzcurr;lt%
in minette penetrated by the 7ZMZ-94 borehole near Zancrzcic lS\;l+.T.]’)l (;\%o}“
with the structural formula (K‘_slNﬂo‘;ggCuO()ﬁz) (gg34«38FCo.81F90.27 19.54MNG 01

i P i 2 48)0 100 1.86Y0.24)
LIO-lotl E%éa';)s)i{)(lscl 5ll{itA liil:]i‘:lmcfs) l‘éﬁ]n(d l‘ll f;unprophyrcs f rom two othcr. bO"Ch%I?S
near Zawiercie (ZMZ-41 and P-8), which were also the object o_f studlcﬂ (Hg lkl
et al., 1985), are phlogopites of a similar type, as they exhibit su?nlcu optica
features and yield identical diffraction lines on X-ray powder pf._*_ttcrns.‘ s

A mica with a nearly identical chemical composition and optical proper ties wfw‘s
also described by Pelczar (1973) from minette pcnctrfwth by the Borzgtzl 1G-1 bore-
hole south of Wicliczka, i.e. about 70 km SE of Zawncrcw..Thc _cntcd quthor defined
it as biotite of a phlogopite type. According to the classification criteria adop'teiti
in this paper, this mica should also be referred to as phlogopite. From chcnrn'lga.
analyses of biotites from the Jamprophyres of the Ho].y_ Cross Mountzlun_s (Kardy-
mowicz 1964) it appears that their chemical composition corresponds in several

ase hlogopite.

Cds?htcourt;ovegcgnclusions are in accordance with the observations of Velde (1969)
and Némec (1972), who found on the basis of a great many chemical anulyses that
micas from minettes, kersantites and alkaline rocks are as a rule phlogopites.

Translated by Hanna Kisielewska
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Marek MUSZYNSKI, Adam PIECZKA

FLOGOPIT Z LAMPROFIROW OKOLIC ZAWIERCIA
(GORNY SLASK)

Streszczenie

- Charakterystycznym sktadnikiem lamprofiréw (semilamprofirow), napotk:
w NE obrzezeniu Gorqoélqsklego ”Zag1¢bia Weglowego, jestpciemna gikapolilr(:;llgrclg
thygllczas na .po.d,sta_ww obserwacji mikroskopowych jako biotyt (Matkowski, Kara-
smskl 1928, Sllv,vmsk! 1960, 1964, Juskowiak 1971, Ryka 1974). Lyszczyk ter; udato
SIg wyseparowac z minetty napotkanej w otworze ZMZ-94 koto Zawiercia poddajac
g0 szczego}pwym badgmom fazowym (rentgenograficznym i spektro;kopow m
W podezerwieni) oraz ilosciowej analizie chemicznej. Ustalono, ze jest to flo oy it
_(3’1/") 0 ;;aﬁr:?etrach komorki elementarnej: a = 5,31740,002 A ’c = 30,031 +0%)lpA
i ¢la=S5, oraz wzorze strukturalnym: (K; s;Na, 35Ca ,M Fe2® Feit
T‘0.54Mn351L10.01 [o.30) [(Sis.g5Al, sgFeqi5)050) O(EEI 900031'1)1 26()5;;‘29:)}.:60-811:80-27
M'ozna przypuszczaé, ze flogopitami podobnego tybu sa ciemne tyszezyki wy-
stepujace w lamprofirach z dwu innych otwordw wiertniczych z okolic Zawiercia
(‘H.eﬂlk 181nS ‘1985), wykazujagce analogiczne cechy optyczne i dajace identyczne
lml; dyfrgk?yjne na rentgenogramach jak badana mika. Flogopitem nalezaloby naz-
wac rowniez lyszezyk opisany przez Pelczar (1973) z minetty napotkanej w otworze
lg_orzgt?. 1G-1, zlokali'zowanym okoto 70 km na SE od Zawiercia, a takze szereg
W1i<<>:tzyt(c;»9v6£f).launproﬁrow Gor Swigtokrzyskich, analizowanych przez I. Kardymo-
'Powyzsze‘wni.oski sq zgodne z obserwacjami Velde (1969) oraz Némecd (1972)
ktorzy opierajac si¢ na wynikach licznych analiz chemicznych ustalili, ze miki z minett’
kersantytow i skat alkalicznych sa z reguly flogopitami. ’

OBJASNIENIA FIGUR

Fig. 1. Dyfraktogram flogopitu z lamprofiru z otworu ZMZ-94
Refleksy pochodzace od drobnych domieszek innych faz: Ap — apatyt, H i ini
' 3 C Szek 3 , Hph — hydroflogopit, K — kaolinit
Fig. 2. Widmo absorpeyjne w podezerwieni flogopitu z lamprofiru z otworu ZMZ-94 o
OBJASNIENIA FOTOGRAFII
Fot. I. Fenoblaszki flogopitu w drobnokrystalicznym tle lamprofiru z otworu ZMZ-94
Nikole skrzyzowane, pow. okolo 45 x
Fot. 2. Blaszki flogopitu wyseparowane z lamprofiru z otworu ZMZ-94
Makrofotografia, pow. okolo 20 x
Fot. 3. Niejednorodna optycznie, skorodowana magmowo fenoblaszk i
a flogopitu z | rofir
z otworu ZMZ-94 ! ikl
Nikole skrzyzowane, pow. okolo 50 x
F ot, 4,

Wrostki apatytu (4Ap) we flogopicie z lamprofiru z otworu ZMZ-94
1 nikol, pow. okolo 90 x



Mapex MYIIHHBCKH, Aoam TTEYKA TR S S o
@JIOronuT M3 JAMIIPO®UPOB OKPECTHOCTEM
3ABEPLISI (BEPXHSSI CHUJIE3US)

Pe3rome

XapakTepHbIM KOMIOHEHTOM nmamnpoupos (CeMPUIaMHpE)(bl/IpOB), B CTPEYEHHbIX j
B CB ob6pamiiennu BepxHECHIE3CKOIO yriaeHocHoro Oacceina, SBIACTCA TEMHO-
[IBETHAS CJIIO/A, 10 CHX IOp Ha OCHOBaHMH MUKPOCKOTIMYECKNX HAOIIOEHII OTIpe-
nensieMasi kak 6uotuT (MajKOBCKH, Kapacuubekn 19285 Cpymsurbckr 1960, 1964;
FOckosik 1971; Poika 1974). DTy Cmojly yAAIOCh BBIACTATH 13 MUHETTHI, HAOYPEH-
Hoit cKBaskuHON ZMZ-94, Bo3ne 3aBeplis, oABeprast ce noApo6HBIM (pa30OBBIM (peHT-
reHorpapuueckum M M K-CrieKTPOCKOTMYECKIM) MCCIEIOBAHMAM, & TAKXKE KoJmye-
CTBEHHOMY XHMMYECKOMY aHajM3y. YCTaHOBJICHO, YTO OTO dmoromur (3T) ¢ ma-
pameTpamu HIIEMEHTAPHON SYEHKN: d = 5,317-40,002 A, ¢=30,031+40,01 Aucla=
— 5,648 u CTpyKTYpHOI popmyJe: (K151 Nag.35 Cao.32) (Mg .05 Fed ss Fe3 7 Tio.sa
Mn3 5 Lio.os [Jo.30) 1(Sis.15 Alz 68 Fed5)020] (FI.QOOH1.86OO.24)'

MOKHO TIPEANONOraTh, YT0 MOJ0OHOro THNa doronuTaMn SBJISAIOTCS TEMHO-
L(BETHBIE CITIO/IBI, BCTPEYAIOLIMECS B JTAMIIPOGUpax U3 ABYX ApYrux OypOBBIX CKBa-
Wi B okpecTHOCTsX 3aBepus (Xedumk u 1p., 1985), 0oOHAPYKMBAIOLIUE “aHAJIO-
[MUHbIE OITHUECKME CBOWCTBA ¥ JAIOLIMC MICHTHYHBIC KaK MCCIeyeMas CIoia
i PaKIMOHHbIEC JTMHIM HA PEHTICHOT paMMaXx. MJIOTONMTOM CJIe10BaIO OBl HA3BAThH

5 % Phot. 1. Phenocrysts of phlogopite i —crystalli ampr = 2
Takxke omucannyto Ilembuap (1973) ciroay M3 MHHETTEI, HAOYpEHHOW CKBAXUHOU . S ﬁn%g;g;t:l!mc O e S
Boxkenta UI' 1 pacnooxkennoi B okosio 70 kM Ha FOB ot 3aBeplsi, a TaKkKe P Crossed polars, 45
6uotuToB u3 namnpodupoB CBEHTOKUIMCKUX TOP, H3YHCHHDIX M. KapapiMOBUY

(1964).

BhIlenpeICTaBIeHHbIC BBIBO/ILI COBMA/IAIOT C nabmonennsivmu Beasae (1969),
a Taxxke Hemeua (1974), KOTOpbIE, HCXOS U3 PE3YJILTATOB MHOrOYMC/ICHHbBIX XMMHU-~
YecKyX aAHAJM30B, YCTAHOBMIIM, YTO CIIOJbI M3 MHUHETT, KEPCAHTUTOB M IICTOTHbIX ’
MOPOJI KaK MPAaBUJIO MPEACTABIISIOT COOOM (IoromuTh. |

OBBACHEHUS K ®UT'YPAM

®ur. 1. Jdudpakrorpamma dioronura u3 namnpodupa, HabypeHHOro CKBaxuHoi ZMZ-94
OTpakenus, NIPOUCXOAAILIME OT HEOOMBLIIMX NPUMECEit IPYrux tba3: Ap — anatur, Hph — ruapodnoronur
K — xaoauHur

®yur. 2. UK-abcopbumonnas kpusasi duioromuta 13 samnpodupa, HaOypPEHHOTO CKBAKUHON

ZMZ-94

OBBSACHEHUS K ®OTOI'PAOUAM

®oto 1. PeHOMIACTUHKA (IIOroNMTa B MEJIKOKPUCTAJUIMYECKOM OCHOBHOM Macce JaMrpodupa
w3 Oypoeoit ckBaxuHbl ZMZ-94
CkpelieHnbie HUKOY, yBes. 745
®ot1o 2. Ilnactunku dioromura, BUCNEHHBIE U3 Jamnpodupa u3 OypoBoi ckBakuubl ZMZ-94
Maxpodororpabus, ysen. 20

D010 3. ONTHYECKH HEOAHOPOAHAA, MArMATHYECKM KOppOAMpoBaHHas (eHomractuHka ¢ioro-
maTa u3 nammpodupa u3z Oyposoit cksakuusl ZMZ-94
CkpeluieHnbie HUKoau, yseand, # 50 :

®oT0 4. Bpoctku amatuta (Ap) BOo doromure u3 sammpodupa us 6yposoit ckpaxuubl ZMZ-94 Phot. 2. Phlogopite flakes separated from lamprophyre from ZMZ-94 borehole
O/MH HUMKOJIbL, yBEN. 0KoJIo %90 Ehtomacrogionh 202
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Mareksl\./ll U‘SZYNSKI, Adam PIECZKA — Phlogopite from lamprophyres near Zawiercie (Upper
ilesia)




PLATE
MINERAL. POL. VOL. 16, No 1 — 1985 PLATE II

Phot. 3. Phlogopi 2 phenocryst from lamprophyre from ZMZ-94 borehole, showing optical hetero-
geneity and magmatic corrosion
Crossed polars, 50 x

Phot. 4. Apatite inclusions (Ap) in phlogopite from lamprophyre from ZMZ-94 borehole
Plane polarized light, 90

Marek Sr\i/]lcl_sJii)ZYNSKl, Adam PIECZKA — Phlogopite from lamprophyres near Zawiercie (Upper



