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A bstract. Manganese-bearing rocks occurring in the upper par of the Liassic
crinoidal limestones in the Chochotowska Valley in the Tatra Mts. underwent silifi-
cation. This process gives rise to manganese silicate. The chemical and X-ray ana-
lyses have shown that it is «a-MnSiOz unown in nature. Liebau et al. (1958) obtained
this modification by synthesis and demonstrated that it has the structure of triclinic,
pseudohexa.gonal pseudowollastonite Cay[SizOg] with the ring structure of the silico-
-oxygen anion.

Manganese limestones occur in the upper part of the Liassic crinoidal
limestones belonging to the Jurassic subalpine series of the Tatra Mts.
They are located mainly over the Hucisko Glade in the Chochotowska
Valley and beneath the Banie Peak over the Lejowa Valley. In these pla-
ces there are old adits and dip-headings in which manganese ore was
mined in the last century. Geological works were carried out in this area
in the years 1953 and 1954 (Krajewski, Myszka 1958).

Samples for analysis were collected in the adits over the Hucisko
Glade; some were taken from the collections of professor Krajewski.

The manganese rocks in question appear in the form of carbonate for-
mations. The rock matrix of complex structure and red colour is made up
essentially of calcite, manganocalcite and rhodochrosite. Among these for-
mations there are streaks and concentrations of manganese oxides. The
occurrences of oxidized compact black ore are rare. The crinoidal limesto-
nes together with the manganese-bearing beds were intensely silicified.
This is evidence by hornfels laminae cutting the limestones and by a horn-
tels layer underlying them over a substantial length. In the bottom parts
of the limestones silification due to remobilization of the silica from the
hornfels rocks may be observed (Oszacka 1974).

Over the bottom of the deposit in one of the adits an ore has been no-
ticed that differed from the other samples in greater hardness and darker
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red colour. A chemical analysis has shown the MnO content averaging
71% in the red part of the sample. In the material reduced to the grain
size 0.2 mm, raspberry-red grains and violet-red compact fragments have
been found besides the few black (manganese oxides) and white (calcite,
silica) grains. After separating the black and white grains, this material
was subjected to X-ray analysis, which has shown the presence of reflec-
tions characteristic of rhodochrosite and some weaker ones, indicating
the presence of another crystalline phase. X-ray microanalysis in the selec-
ted microvolume, visible on the topographic electron image (Phot. 1), im-
plied the presence of manganese silicate (Fig. 1). On the electron image
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Fig. 1. Mn and Si distribution along the A—A’ line on the polished surface of sample
(marked on Phot. 1)

of the manganese and silicon distribution in the given microvolume, areas
with a substantial Si content (Phot. 2) and fairly high Mn content (Phot.
3) can be seen. In such regions, local analyses were performed, which have
shown that the content of SiO, is 41.5%, that of MnO — 50.0% and of
Ca0 — 0.7% (total: 92.2%). Also trace amounts of Fe and the lack of other
components have been ascertained. The analyses were carried out on the
clectron microprobe MS-46 Cameca, using the following parameters: acce-
lerating voltage 20 kV, beam current 150 A, sample current 15 uA. The

sample surface was coated with gold, and manganese and SiO, were used
as standards *.

Parallel to these analyses, attempts were made at separating the violet-
-red substance from the broken up material by eliminating red rhodochro-
site. To attain this, rhodochrosite grains were picked out manually, and

* The analysis was performed in the Institute of Metallurgy of the Acad fi
Mining and Metallurgy in Cracow. gy e Academy O
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then the broken sample was treated with In HCI for 1 hour at room tem-
perature. The two samples thus obtained were subjected to X-ray analysis
(':‘L‘ab. 1, columns la and 1b). It has been found that the recorded reflec-
tions correspond to the dniy values given by Liebau et al. (1958) for the
synthetlc a-MpSlog (Tab. 1, column 3). To check whether the identifica-
tion of a-MnSiO; was correct, the synthesis of this silicate was carried out
by the present guthor, following the instructions given in the latter quoted
pgbhcatwn. This permitted an X-ray analysis of the natural and synthetic
51.11'cate to be made under the same experimental conditions. Pure natural
silica and manganous carbonate p.a. in the 1 : 1 molar ratio were used for
synthesis. The reaction was run in argon atmosphere in Mettler thermo-
analyser. The pressure in the reaction space was equal to the external
pressure. Thermocouples Pt-PtRh 10% and platinum crucibles of the vo-
Jume 0.99 mm? were employed, and Al,O; was used as neutral substance.
The sample was heated from 20 to 650°C at a rate of 10°/min. The product
was kept isothermally for 2 hours at the temperature attained. As appears
from the DTA and TG curves, the decomposition of MnCOj; began at PSE,
with the maximum falling at 370°C (Orewczyk, Oszacka 1974). The resul-
tant product of synthesis was subjected to X-ray analysis which has shown
that the recorded reflections correspond to the dni values of a-MnSiOj
reported by Liebau et al. (1958) (Tab. 1, column 3). X-ray examinations of
the sample insoluble in In HCI (Tab. 1, column 1b) were carried out by
film technique in VEM apparatus with a 114.6 cm camera, applying
CoK, radiation (. = 1.788896 A) with Fe filter, a voltage of 35kV and
a current of 10 pA. The other samples were analysed on TUR M 61 diffrac-
tometer with filtered CoK, radiation (A = 1.7889 A), at a counter speed of
1°/min for the synthetic product (Tab. 1, column 2) and 0.5°/min for the
natural sample (column la) and a tape feed rate of 600 mm/h. The position
of the reflections was calibrated with quartz. The silicate’under study is
so fine-crystalline that X-ray examinations on a monocrystal are not pos-
sible. ¢

A photograph made by means of scanning microscope at 1000-fold
magnification (Phot. 4) reveals the presence of narrow, intergrown, tabular
crystals.

In hypergenic processes, in which crinoidal limestanes were formed
and then mineralized, a temperature of 650°C that was applied for the
synthesis is unattainable. However, tectonic movemen?s, e.g. displacement
of a manganese limestone layer reported by Krajewski and Myszka (19?8)
as well as numerous faults causing in places the brecciation and crumbling
of rocks, could have resulted in a local increase in temperature of the
limestones, though certainly not to 650°C. It is known from thermal ana-
lyses that the heating rate affects considerably the temperature of some
thermal effects, its reduction causing, as a rule, a decrease. in th1§ tempe-
rature. A decrease in the temperature of MnCO; decomposition with a re-
duction in the heating rate has been noted by Orewczyk (1973). Under the
geological conditions, the process rate must have been incomparably lo-
wer: this could have resulted in a substantial decrease 1n both the tempe-
ratu’re of rhodochrosite decomposition and the reva‘ction temperature of the
products of its decomposition with the colloida} §1llca solution. There _seem;
to be a similarity between the rise of this silicate and the formation o
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X-ray data
Investigated silicate Synthetical Synthetical
from Tatra Mts a MnSiOg o MnSiOg
a i b (made by author) (Liebau et al. 1958)
I dnia(A) [ 1 dna(d) Tedmald)e - bl a7
G T i 2 3t
a ‘ b
4 4,931 — 3 4,920 m 4,923
b 3000 4+ 31097 6. 3,095 m 3,091
w 2,888
8" 2,718 9 2,756 2 22D VS DL
10 2,490 10 2,491 10 2,490 Vs 2,490
3 2,364 S = 8 2,360 LW 2,366
2742.033 4 2,027 2 2,044 m 2,046
= 3 1,802 = w 1,802
e — W 1,700
4 1,578 5 1,678 it 12571 S 1,579
4 1,643 5 1,643 6 1,547 S 1,546
3 1,443 == w 1,444

r

Table 1
for MnSiOg
; Natural ¢ Natural
(Lieb\;f’[er:tsé(l)slgss) rhodonite (Liek? MnSiOy bustamite
' (Liebau et al. 1958) au et al 1958) | (pjapay et al. 1958)
I dpa (A) I dna (A) \ I dnwa(A) I dnws (R)
, Z 5
b ‘ b
w 4,067 o ‘ — VW 7,190
VW 3,830 — — VYW 4,780
PW 3,660 W 3,566 VYW 4,490
VW 3,349 LW 3,349 w 3,692 W 3,700
| 3,133 w 3,124 1 vow 3,560
i Vs 2,960 s 2,981 w 3,389 vw 3,410
1 & 2,768 S 2,113 N = VYW 3,290
‘ W 2,677 == w 3,163 m 3,190
| w2605 i \ o3 vow 3,096
| vow = 2,613 vow 2,519 \ w 2,988 m 2,989 [
| vw 2,449 - il st 112,803 vs 2,880 }
| w 2,268 w 2,220 \ — w 211 1‘
| w 2,188 w 2,169 vow 2,567 VW 2,621
i vww 2,129 w 2,112 — vow 2,556
1‘ VYW 2,083 e vow 2,462 W 2,462
\ VYW 1,896 == ‘ W 2,394 VOW 2,408
VYW 1,823 ‘ b 2,213 W 2,260
VW 1,730 VYW 1,724 | w 2,193 VW 2,227
[ VW 1,694 VYW 1,693 W 2,112 w 2: 111
‘i VYW 1,670 i VW 2,082
|  wvow 1,600 | vw 2,016
' VOW 1,548 1 vow 1,922 VVW 1,956
[ 1,484 LW 1,476 Wl 1478
' w 1,428 w 1,432 | vw 1,733

line form. Its debeyogram s

hows a striking similarity to that of pseudo-

chamoisite, which in the laboratory conditions forms as a product of high-
-temperature reactions whereas in nature it owes its origin to low-tempe-
rature processes (Ramdohr 1960). The above considerations account for
the formation of the silicate in question in the discussed Tatra rocks.

Basing on thermal and X-ray analyses, Liebau et al. (1958) distinguis-
hed three polymorphic modifications of MnSiO;. The gamma modification
has a 5-repeat-unit chain silico-oxygen anion [Si50;5]; it is represented in
nature by rhodonite with the formula Mn, g Cag»(SiO;) (Tab. 1, column 4).
The parameters of the unit cell are given in table 2. The beta modification
has a 3-repeat-unit chain silico-oxygen anion [Si;O,], being isotypic with
beta-wollastonite and bustamite (Ca, Mn) [SiO;] occurring in nature (Tab.
1, column 5 and Tab. 2). The 0-MnSiO; modification has been known so
far as a synthetic product (Liebau et al. (1958)), obtained in microcrystal-

g |

wollastonite, which is characterized by ring structure of the silico-oxygen
anion [Siz0y)®~ (Tab. 1, columns 3 and 6). The structural data are given
in Table 2.

It appears then from the investigations performed that manganese
silicate that has been recorded in the Tatra ma}nganese—bearmg rocks may
be regarded as the natural modification a-MnSiOs.
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Table 2

Structural data of some Mn and Ca silicates (after Strunz 1970)

Unit cell
Mineral Formula e
type parameters
e
Rhodonite CaMn,[Si;O0;5] Triclinic ay 7,79, by 12,47, Co 6,75
¢l = p1 @y byico=0,625:1 : 0,541
: « 85°10° B 94°04" y 111°29°
Z=2
Bustamite (Mn, Ca)y[SizO,]| Triclinic a, 7,74, by 7,16, Co 13,82
Al (ihy 8 ol o Qo = ALIRE R LS 1,930
« 90°31° B 94°35" y 103°52°
Z=2
S el Rt R AR P A GO
Pseudowol- Cay[SigOg] Triclinic a, 6,90, by 11,78, ¢y 19,65
lastonite (pseudohexa- | @g:bg:Co = 0,586 : 1:1,668
(Cyclowol- gonal) o =B = 90° y = 90°48’
lastonite) =8
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Bronistawa KORCZYNSKA-OSZACKA
0 WYSTEPOWANIU ¢-MnSiO; W TATRZANSKICH UTWORACH
MANGANOWYCH
Sitirleisziczie n'le
Utwory manganowe wystepujace w gornej partii liasowych wapieni
krynoidowych pomiedzy Doling Chochotowska i Lejowa w Tatrach pod-
legaly sylifikacji. Jednym z przejawow tego procesu jest powstanie krze-

mianu manganu. Przy pomocy badan chemicznych i rentgenowskich usta-
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lono, ze J‘est to a-MnSiO;. Odmiane te, nieznang dotychczas w przyrodzie
otrzymali na drodzgsyntezy Liebau i wspoétpracownicy. Ustalili oni, ié
ma ona strukture trojskosnego (pseudoheksagonalnego) pseudowollastonitu
Ca3[Si3Oy] 0 pierscieniowym anionie krzemotlenowym.

OBJASNIENIE FIGURY

Fig. 1. Krzywa kopcentracji Mn i Si wzdtuz linii sondowania A—A’ na polerowanej
powierzchni probki

OBJASNIENIA FOTOGRAFII

Fot. 1. Elektronowy obraz topograficzny 200200 nm. Pow. X 215
Fot. 2. Obraz rozmieszczenia Mn—Ka. Pow. X 215

Fot. 3. Obraz rozmieszczenia Si—Ka. Pow. X 215
Analiza rentgenospektralna w mikroobszarze. CAMECA MS-46 pow. X 215

Fot. 4. Skupienie osobnikéw badanego krzemianu manganu. Mikroskop scanningowy
S 410 (Cambridge). Pow. X 1000

Bporucarasa KOPYHHBLCKA-OIIALIKA

O PACNPOCTPAHEHHWH «-MnSiO; B MAPTAHLLEHOCHBIX
NMOPOJAX TATP

Pesowme

MapraHieHoCHble TIOPO/bI, 3aJIEralollne B BepXHEM HHTEpBaJle JeHacoBbIX
KPHHOH/IHBIX M3BECTHAKOB MEZKILY nomuuaMu XoxosoBckoit n JIeitoBoit B Tat-
pax, MOJABEPTIHCH cunnudukanan. ORHUM H3 NposIBJIEHHH 3TOro mpouecca
aBJasieTcst 00pasoBanHe CHIHKAaTa MapraHud. XHUMHUECKUM 1 PEeHTreHOBCKHM
anagu3oM ObIT onpejesieH ero cocran o-MnSiO;. dTa pasHOBHIHOCTL GblNA
noJyueHa ImyTemM CHHTE3a Jlu6ay u ero COTPyAHHRaMH H JO CHX IOp B npi-
poje He BCTpeuasach. VKa3aHHBIMH aBTOpaMH OblIO YCTaHOBJIEHO, 4TO OHA
06siafaerT CTPYKTYpPOi TPHKIMHHOTO (ncennm;encaronanbnoro) MCeBA0BOJI-
nacronura CaslSizOg] ¢ KOJBUEBLIM KpeMHe3EMHbIM aHHOHOM.

OBBSICHEHUS K ®UTYPE

®ur. 1. Tpaduk koHuenTpauun Mn o Si o auHuK 3oHAMpoBanHsT A — A’ Ha NMOJHPOBAHHOIT
OBEPXHOCTH 06pasiia

OBBbSICHEHHSA K ®OTOCHUMKAM

®oto 1. DIEKTPOHHDI ronorpaduuecknuii 06pas 200 X 200 um. YBea. X215

®oro 2. O6pa3 pacnpe/eneHns Mn-Ka. YBea. X215

®doro 3. O6pas pacnpeae/eHHs Si-Ka. Ysea. X215
PeHTreHOCTeKTpabHBIH aHalH3 Ha MHKPOY

®oro 4. CKomyieHHe HHAHBHAOB CHJIHKATA Mapratua.
opuak). yser X1000

qactke CAMECA MS-46. ¥sex. X215
Ckanunr-Mukpockon S 410 (Kem-

6 — Mineralogia Polonica 81




MINER. POL. VOL. 6, No 1 — 1975
PLATE I

1. Image of secondary electrons (topography) 200 X200 pm. Enlarged X 215. 2. Mn—Ka
i Electron-probe microanalyse.

distribution. Enlarged X 215. 3. Si—Ko distribution.
CAMECA MS-46 X 215. 4. Aggregate of plates of investigated Mn silicate. Scanning
electron micrograph. Enlarged X 1000
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