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Abstract. Peculiar parageneses of piemontite with Mn-rich minerals such as
tourmaline, titanhematite and/or ferriphengite, garnet have been found in pegma-
toidal segregations in gneiss-amphibolite complex (Marcinkéw, Sudeten Mts.) and
in epizonal crystalline schists (Treppes, Euboea Isl), respectively. Associated mi-
nerals list embraces besides: epidote, Mg-chlorite, titanite, apatite, phlogopite,
quartz and alkali feldspars. The succession of the most significant minerals was
established as follows: tourmaline, epidote, piemontite, -i- phlogopite, -- alurgite,
+spessartinic garnet, titanhematite and Mg-chlorite. Postmagmatic waters conta-
minated by the products of oxidation reactions during metamorphism of country
rocks were the chief factors of piemontite-bearing parageneses origin.

INTRODUCTION

Piemontite was firstly reported from Sudeten Mts. by Traube (1888)
as a component of quartz veins transsecting granite on the right Nysa
riverside in Zgorzelec. Second occurrence in Poland, here discussed and
primarily announced by Gegotek (1956), is connected with pegmatoidal
segregations in gneiss-amphibolite complex near Marcinkow (SE- of:
Ktlodzko). Besides, piemontite was found in abundance by the present
author in manganese-enriched crystalline schists at Treppes (southern
part of Euboea Isl), where the oxidation cap is mined for manganese
oxide ore. :

The two last mentioned localities will be discussed in detail from ther
petrological and mineralogical point of view. Confrontation with the qu-
estions regarding provenance of piemontite-bearing metamorphites "1&
made, as well as, a proposed elucidation of this problem. o G
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PETROLOGY OF PIEMONTITE-BEARING ASSEMBLAGES

Indisputable is the fact, that piemontite is a metamorphic mineral,
as well as, a full agreement prevails what concerns hydrothermal origin
of this mineral. This statement is confirmed by a lot of reports in the
literature, embracing examples of occurrences in phyllites, metacberts,
greenschists, blueschists (glaucophane s.), mica schists or even gneisses.
From the other side, piemontite was recorded from felsic till 1ntermegilate
volcanites and their wall rocks (e.g., Guild, 1935) or in deep-seated igne-
ous rocks, as nepheline syenites (e.g., Lyashkevich, 1958) and pegmatites
(e.g., Bilgrami, 1956). The secretional filling of cavities and fissures with
quartz and calcite on the first occasion and metasomatic replacement
(with prehnite) of nepheline in the second are sufficient evidences imply-
ing postmagmatic waters as responsible factors of transformation.

Much more striking than the mentioned country rocks are the mine-
ral parageneses containing piemontite and the succession of minerals
forming these assemblages.

Cooper (1971) described quartz-muscovite-piemontite schists from Cen-
tral Otago (New Zealand), rocks similar to the ones found in the Haast
Schist Group by Hutton, Turner, Mason, a.o. The piemontite schists are
interbedded here with greenschists, spessartine metacherts (formerly
Radiolaria oozes rich in Mn ?) and rare ultrabasic schists, all indicating
eugeosynclinal environment of formation in the pre-metamorphic stage.
Mineralogical assemblages comprise the following components: quartz-
_albite-muscovite-phlogopite-piemontite-tourmaline, with: hematite- apa-
titet-spessartine (1, 2) or spessartine-chlorite-hematite-titanite (3) or spe-
ssartine-tremolite-apatite-titanite (4). The last, highest grade piemontite
schist from the uppermost part of the garnet zone, was treated in detail.
Very significant is a remark concerning the succession of minerals: ... ,,the
habit of some garnet suggests a formation at a late metamorphic stage,
since it poikiloblastically encloses piemontite and hematite”. It should
be pointed out that the accompanying chlorite is Mg-rich and the tour-
maline has an elbaitic character.

Genetically similar and belonging to the same blue- and greenschist
facies are piemontite-quartz schists (metacherts) of Japan. Their mineral
parageneses were specially commented by Iwasaki (1960) and Ernst
(1964). It should be noted that the piemontite-quartz schists are accom-
panied by the graphite schist and sometimes by calcite (probably both
of algal origin, see Wieser, 1963). Piemontite is known to coexist with
many minerals, such as: epidote, spessartine-type garnet, Mg-chlorite,
tourmaline, tremolite-actinolite, Mg-glaucophane, magnesioriebeckite,
jadeitic and diopsidic aegirine, rutile, titanite, rarely braunite. The obser-
vat.ions indicating, that completely colourless Mg-rich chlorite always
assists piemontite but not epidote, as well as, epidote (sometimes with
piemontite cores) coexists with almost colourless Mg-rich glaucophane
(\.mth magnesioriebeckite rims) induced Iwasaki to express these rela-
tions by a chgmical equation: 2 colourless glaucophane + 3 piemontite +
—’[- 2,5 hematite + 3 quartz = magnesioriebeckite + 3 epidote + spessar-
tine + 3/4 O,. Moreover, Iwasaki distinguished two stages of recrystalli-
zation, namely: — earlier formation of Mg-rich glaucophane and piemon-
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tite with Mg-chlorite under oxidizing conditions and later formation of
magnesioriebeckite, epidote, garnet and Fe?* -rich chlorite with reduction
of Mn and Fe. The reduction was possibly caused by increasing tempera-
ture. This is a reversed sequence in comparison with almost all other
occurrences judging from the presence of piemontite with epidote cores.

From a great number of metamorphic reactions postulated by Ernst
(1964) for the same (from Japan) material two are especially significant
for the current discussion. These are: 1/2 muscovite + 1 ferriclinochlore =
— 1/2 ferrimuscovite + clinochlore (1); 1/2 muscovite + 1/3 ferriepidote =
= 1/2 ferrimuscovite + 1/3 clinozoisite (2).

From the above demonstrated examples differ apparently the occur-
rences recorded by Voznesenski (1961) from western Tuva (Soviet-Union)
or by Smith and Albee (1967) from Celifornia and Stensrud (1973) from
New Mexico.

In the first instance the country rocks are represented by albite schists,
sericite-chlorite schists and sericite quartzites. These mineral assemblages
indicate phyllite grade of metamorphism. In addition to mentioned mi-
nerals abundant spessartine (in spessartine-piemontite rocks!) and acces-
sory apatite, titanite, green tourmaline, rutile, hematite -+ magnetite were
reported.

Opposed to these epizonal assemblages, Californian and New Mexican
occurrences display parageneses which after mentioned writers are typical
for amphibolite facies. The piemontite or epidote gneiss croping out in
the southern foothills of the San Bernardino Mts., California, consists in
75—80% of quartz, plagioclase (Any—e3), and microcline; the remainder
being distributed between piemontite (or epidote), phlogopite (or biotite
in epidote gneiss), + amphibole, -+ pyroxene, -+ spessartine, hematite and
titanite. In another occurrence, near the Whitewater River, muscovite
(phengite) is the commonest mineral with K-feldspar and quartz,
whereas phlogopite, plagioclase, piemontite, hematite, titanite persist only
in subordinate amounts. Phlogopite was not observed in contact with
garnet and assemblage: amphibole—pyroxene—garnet in a single layer.
The epidote, usually rimmed by piemontite, may contain more manganese
than does piemontite but in divalent form and restricted to X (Ca) po-
sition.

In the Las Tablas area of the San Juan Mts. (New Mexico) appear
extensive piemontite- and epidote-bearing schists (up to 150 m thick) with
typical associations of adjacent rocks consisting of quartz—microcline—
muscovite—epidote+-plagioclase-biotite in quartzo-feldspathic schists
and hornblende—andesine—fepidote in metabasalts. Examined samples
rarely contained both piemontite and garnet (uncommon mineral in New
Mexico); the remainder being microcline, red muscovite (with Mn3t),
phlogopite and hematite.

As might be expected, numerous lensoid bodies of piemontite me-
tacherts are scattered in California within chlorite zone, biotite zone of
the greenschist facies and a few demonstrate the adherence to the amphi-
bolite facies. Characteristically they are connected with major fault zones
(e. g. San Andreas) and blastocataclastic textures are peculiar features
(Allen, 1957, a.o.). Short (1933) determined the order of deposition'm
a shear zone in schistose volcanic rocks, as follows: piemontite, tremolite,
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vein quartz and spessartine-type garnet. The majority of the piemontite
crystals have their a and b axes in the plane of schistosity. It was also
shown by Mayo (1932) and the neighbouring occurrence, that biotite may
be replaced by piemontite, simultaneously being overgrown upon by
a rim of small epidote crystals. On the other hand, in another exposure
_sericite replaces nearly every piemontite grain to a slight extent, but is
never enclosed by the latter; hence this mica would seem to be restricted
to a narrow time interval, near the close of crystallization of the piemon-
tite, and perhaps for a time thereafter”. The apatite was found to be
earlier than sericite. An interesting phenomenon was also revealed
by Webb (1939) who reports that some of the alurgite flakes are sur-
rounded by rims of hematite.
In view of the preceding discussion the two occurrences of piemontite
and associated minerals examined by present author will help to clarify
some undissolved problems.

The piemontite-bearing pegmatoidal segregations in gneisses found in
Sudeten Mts. become very instructive in this respect. In the village Mar-
cinkéw (about 20 km to SE of Klodzko) they crop out in association of
amphibolites containing intermediate plagioclase and common hornblende
indicative for mesozonal amphibolite facies. Another sign is the Marcin-
kéw fault (see Oberc, 1972) with SE—NW strike, dropping down and cutt-
ing gneisses from the north — east.

The pegmatoidal segregations are in 80—90% composed from micro-
cline, less common quartz, rarer albite; the remainder being piemontite,
tourmaline, hematite, phengite, chlorite, titanite and apatite. The content
of phengite and chlorite increases towards peripheries of segregations.
The quantitative proportions of constituents appear to be very variable
and no attempt was done to establish the extension of shear zone with
pegmatoidal segregations owing to absence of exposures.

It is noteworthy, that relics of epidote are still discernable though the
replacement by piemontite is usually well advanced. On the other hand
the piemontite is intricately veined by hematite (Fig. Ic). Chlorite,
phengite (without pinkish hue, that is, Mn3*) and quartz of second gene-,
ration (first produces relict graphic intergrowths in microcline) represent
the.later products of deposition too. This might be deduced from fillings
of interstices between broken and displaced epidote-piemontite grains
Formation of titanite seems to be contemporaneous with epidote and
accumulgtlons of titanite grains correspond to Scheumann’s restites
Tourmaline crystals are in comparison with piemontite ones more de-‘
formed and crushed and after replacement examples of tourmaline by

iemontite o i B
e R D state that piemontite is somewhat later growing

: Second, here reported, occurrence is also i
time, in epizonal metamorphic complex of soii?;?ne%fx%c?e:h%?iszzge, tlhls
presents a composniongl ‘part of Palagonian Massif built. b metmp -
pll\q/[osed galcareous3 ophiolitic and typical Flysch de;’)osits ofyPalae?)rzré)ci)z:
;tufizigflmgrézxgﬁ;illlril’cge s?rﬁ?:: Sililei‘;zz;:eousg age (see Marinos, 1957). In the
: e : :

;c_hlsts are best. developed (Teller, 1880;m:;21()es{nsoén§2rr:11:ts ‘iv.‘;l(cig e

iemontite-bearing schists, structurally hornfelsic’ or schis”cose iogz;(l)i)};
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blastocataclastic, are distinguished by manganese oxide-rich weathering
zones (e.g. Treppes mine) and peculiar mineral assemblages. The resem-
blance of the last mentioned to the recorded from Japan and New Zealand
is easily evident. The dominant types of schists oscillate in quantitative
mineral proportions between Mn-rich ferriphengite and albite-rich va-
rieties (tab. 1).

Table 1
Planimetric data of mineral composition (in per cents)
Clouded,
Sample | Microcline Albite acid Quartz Phlogopite Chlorite
plagioclase
2T 17,8 1420 s 03 16,5 1,3 -
3T 202 313 le 185 10,0 0.1 05
Ferri- : . ” 2 3 N
Sample i Piemontite Garnet Hematite Apatite Titanite
phengite
: -
l 2T 38,9 4,6 | 0,7 3,4 0,5 0.8 |
L 0.3 L At At 1,9 0,5 1y |

Certain thin sections reveal conspicuous dependence between accumu-
lation of piemontite crystals and close neighbourhood of microcline -
+ quartz segregations (Fig. 1b). The transitional zones are enriched in
rather large chlorite flakes. The quartz-rich layers are accompanied in
the near proximity by microporphyroblastic albite and piemontite with
holoblastic phlogopite, hematite and local garnet. Incorporated in domi-
nantly phengitic aggregate some of the listed minerals show stretching
haloes behind rotating blasts (Fig. 1a). Most distinct are those appertaining
to the piemontite crystals while stretching haloes belonging to albite and
hematite grains are least developed or absent. These relations may serve
as an indications for the succession of growth. In the stretching haloes
behind piemontite blasts excluding quartz may appear albite, phlogopite
and garnet. Titanite seems to be contemporaneous with piemontite or
epidote if primarily present.

Some samples demonstrate feldspar and piemontite-hematite segrega-
tions originated after synkinematic brecciation. Paleosoms are impregna-
ted from borders by piemontite (secondary after epidote) and hematite
aggregates. Feldspar segregations are almost entirely composed of micro-
cline and surrounded by albitized (clouded) plagioclase and bordered by
hematite. Sporadic tourmaline is overgrown upon by piemontite, there-
fore, may be considered as older in order of crystallization.

Another sample of pegmatoidal aggregate with tourmaline is com-
posed in similar proportions from tourmaline, alkali feldspars (mainly
microcline) and quartz. Phengite, leucoxenized titanite, hematite and
apatite are much less aboundant, while piemontite is lacking. Graphic
intergrowths of microcline and quartz are only rarely visible, while per-
thitic ones disappear completely.
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violet shade to crimson oOr purple; absorption scheme — y=> 0=,
extinction angles — X/y = 30.5— —31.5° and Z/a = —5 to —6°: optic
axes angle 2V, = 91—99°; dispersion weak with <0, Ry T 1.790—
—1.80%75 npi= BTAT—=189; 1 i 1.764—1.763; birefringence,ny —™n o =
— 0.026—0.044. The first values of refractive indices and birefringence
correspond to variety originated by replacement of epidote (judging from
relicts in cores of grains) in which the birefringence may drop to
0.017—0.018, while 2V , increases simultaneously to 106—108°.

The piemontite found in Treppes (Euboea) is distinguis}}ed by t'he
absence of euhedral grains and by undistinctly prismatic habit. The pie-
montite grains, sometimes true porphyroblasts up to 2mm in diameter
were disintegrated and displaced during rotation with b(Y) axis sub-
parallel to B petrofabric axis. Simple twins, including Jamellae, after (109)
are not infrequent, as are the examples of zoning showing weaker absorp-
tion on margins or of occasional epidote with poikilitic structure in cores.
The pleochroism is more intense than in the previously described exam-
ples: o — orange-yellow, f — amethystine, y — deep pink to vine-red or
carmine. Other properties are as follows: X/y = 29—32°%; 2V y = 81—89°,
rarely to 93°; weak dispersion with v >7r or r>wv; my, = 1.781, max.
1.804: np — 1.160—1.784;" n, = 1.739—1.760; m, =1 o= 0.042—0.044; in
the epidote-piemontite core: — Ny = Ll o = 1Les | = AT
n, —n, =0.029; 2V, = 99°: r > v.These optic values are variable and
representative to only a fraction of crystals.

It may be inferred from the X-ray diffractometer data (Tab. 2) of both
piemontites studied, that with scarce exceptions there is no conspicuous
difference in lattice spacings. Unfortunately, the difference between pie-
montite and epidote with similar Fe + Mn content is also indeterminable.
Moreover, it is impossible to predict basing on optical determinations
what a kind of epidote — piemontite series mineral could be.

Tourmaline. In Marcinkéw locality tourmaline appears in the
shape of anhedral or subhedral thick prisms, poikilitically intergrown
with surrounding minerals, especially quartz. Maximum length of prisms
reaches 2 and a little more mm. The optic properties, such as: distinct
pleochroism with ¢ — faintly pink, ® — clear sepia-brown; nc= 1.660—
—1671; n, = 1.631—1.636; n, —n.= 0.029—0.035 — indicate a rather
high iron content.

Analogous mineral from Treppes occurs as subhedral and seldom
euhedral (Fig. 3) prisms up to 20 or more mm in length. The pleochroism
in some crystals changes between: ¢ — brownish pink, ® — very dark
brown with pink and green shade to ¢ — faintly pink, ® — green-gray;
birefringence varies between 0.033—0.037 and 0.025—0.026, resp. with
n, = 1.678 and n, = 1.641 as maximum values.

Ferriphengite or alurgite with changeable content of Mn3+
(colouring even the rocks on buff to pink hues) was found only in
Treppes, where it may predominate over other minerals. The flakes or
rather thick plates (up to 0.8 mm in diameter) of this mica mineral are
fully xenoblastic and much deformed. Beneath microscope the absorption
and pleochroism though weak are readily distinguishables. The measure-
ments gave: Z> [37 = buff to faintly brownish pink, « — almost colour-
less; Z/o = 1°; 2V, = 27—30°, mean 29—29.5°; weak dispersion, > v;
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Table 2

Spacings and relative intensities of reflections ir hematite and piemontite X-ray

diffractograms:. CukK, radiation; Ni filter. The indices listed after Harcour! 2nd
Cooper, respectively

Locality Treppes Locality Marcinkéw !‘
(k1) d(A) 1 Il (hkl) d(A) /I, |
Hematite \
101 3.69 3 101 3.69 3 ‘
112 2702 10 112 2.706 10 !
101 2,517 8 101 2521 8 ‘
102 2.208 2 102 2.212 2
202 1.842 3 202 1.844 3 }
123, 1.695 4 123 1.699 350l
233, 112 1.600 0,5 233, 1128 1.603 1 ‘
Piemontite
109 8.01 1,6 100 8.04 1,5 ‘t
16254 5.03 2.5 102:5: 5.03 3 ‘
16101l 4.625 1 - 110, 111 4.625 1 [
200 4.023 2 200 3.998 4 ‘
211 3.498 5,5 211 3.497 5
102 3.430 2 102 3.412 2
201 3.20* e 201 320> Br
302, 113 2.907 10 302, 113 2.905 10
020 2.836 35 020 2.835 3
013 2.689 * - 013 2.683 * 45
311 2.601 5 311 2.605 6,5
122 2.463 1 122 2.468 1
022 2.407 2,6 022 2413 45
113, 222 2.295 3 113, 222 2.306 2
221 2.118 3 221 2.118 2,5
023 2.075 2 023 2.082 1,6
203 2.050 1,6 203 2.051 15
413 2.016 1,5 413 2,012 1
114, 124 1.881 2,6 114, 124 1.880 2
312 1.860 1 312 1.859 1
306 1.670 0,5 306 1.669 1
505 1588 2 505 1588 5
412, 510 1.541 2 412, 510 1.541 2

* Coincidence of reflections.

n, = 1.621; ng= 1.617—1.618; n, = 1.579; n, —n,= 0.043. Very similar
are characteristics for Mn-arm phengites (?) in other samples: weak pl.eo-
chroism with y, p — faintly yellowish brown, a — faintly yellowish,
almost colourless; 2V, = 28—29°; r>v; ny—mng = 0.043. Such a mica
is. probably identical to one occurring in Marcink6éw, judging from fol-
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Fig. 3. Stereographic and clinographic projections of tourmaline crystal from Treppes
Double-ringed poles symbolize most frequent crystallographic faces. A vicinal face was marked
by X

lowing data: 2V, = 27—28°% r>wv; n, —n, =0.042; n., = 1.592;5 n |l
= 1.590; na = 1.550. In both cases phengite possibly transforms lightly
in chlorite with peculiar optic features. The optic properties of ferri-
phengite .(alurgite) correspond well to the members of probable isomor-
pho_us series between picrophengite (phengite s. stricto) and ferrimuscovite
projecting on the one side of the Winchell’s triangular diagram.
Phlogopite. This is only trioctahedral mica known exclusively
from Treppes locality. It occurs there in small plates (up to 0.35 mm) in
association with garnet though not in direct contact. The pleochroism is
more intensive than in ferriphengite: y = § — orange-yellow to reddish
brown, a — faintly yellowish. Other data are: Z/a = 2°; 2V , = 37°; weak
dispersion with r < v; n,—mn,= 0.048; n, = 1.623; ng = 1.619; n, =1.575.
Chlorite. In samples from Marcinkéw and Treppes two kinds of
chlor}te. might be determined. Both were frequently observed in close
association with phengite, possibly representing product of phengite
alteratmp. Chlorite from Treppes, optically positive, possesses a weak
pleochroism: v, § — faintly grass-green, o — yellowish, almost colourle
and rather strong birefringence: n,— n, = 0.007 with 1:L7 g = 1.588 Me:;’

diameter of f : . Z
o of flakes equals 0.5 mm, decreasing in hornfelsic schists to

~ Chlorite from Marcinkow is optically ne
ion colqurs but with weaker birefringence:
refraction for n, = ng = 1.588—1.595 i :
a high content of magnesia.
Garnet found in Tre
of usually deformed rhombi
meter. Yellowish, in thin se

gative, with identical absorpt-
Ny —mng = 0.004. The index of
s also rather small, emphasizing

ppes exhibits anhedral or subh ine:
' edral out

ct_dodecahgdron with maximum 0.2 mmo;lnlg}lzf

Clon practically colourless. Index of refraction

i‘eac{les 1.801 value. Most probably it is a variety rich in spessartine mo-
ecule.

Hematite. This persistent mineral appears in all samples as anhe-
dral or subhedral thick plates, sometimes with sieve-structure, and much
sutured outlines. Maximum diameter of plates reaches 0.2 mm in schists
from Treppes; 0.4 mm in chlorite veins and over 30 mm in pegmatoidal
segregations from Marcinkéw. Sometimes reported supposition of conspi-
cuous substitution of titanium ions in hematite structure (titanhematite),
especially from piemontite-bearing assemblages, can argue X-ray diffrac-
tometer data. Comparing spacings of reflections (Tab. 2) with those already
established for pure hematite (Harrington, Harcourt) and ilmenite (Barth
and Posnjak 1934, fiole Deer at al. 1962) e.g., d(112) = 2.702—2.706, while
in hematite d(112) = 2.696—2.694, and in ilmenite = 2.74, this is well
visible.

Titanite occurs in anhedral, seldom subhedral and euhedral grains
up to 0.2 mm in diameter. Rare simple twins with (100) composition plane
were noted. Optic axes angle varies between 29—30° in Treppes and 26°
in Marcink6w samples; strong dispersion 7 > v.

Some words are needed to express the peculiar features owned by
feldspars. In both occurrences feldspars are represented by albite,
albitized (clouded) plagioclase and microcline. Albite in schists of Treppes
is distinguished by xenoblastic and microporphyroblastic development,
characteristic hematite inclusions and simple twinning after albite, rarely
Roc Tourné twin laws. Only in feldspar segregations found in Treppes and
Marcinkéw albite may be idioblastic (cleavelandite-type), without inclus-
jons, while simple twinning is complicated by additional lamellae of albite
triad law. In the first case optic axes angle 2V. = 96—98°, and in se-
cond 99—100° resembling with extinction angles those characteristic
for low-temperature structural state and pure albite composition. This
was confirmed by X-ray diffractometer data, as: 20(131) = 31°067;
26(220) = 28°04"; 20(131) = 30°15" and LI. (intermediacy index) = —1,1.

Microcline is regularly xenoblastic with optic data, as: 2V. =
= 69— 67.5°%: X/a = 12—14°; v/1(010) = 13165 m, —n — 00065
—0.007; and X-ray data: 20(204) = 50°60'—50°65; 206(060) = 41°68’;
20(201) = 20°92', suggesting high ordering (60—70%) and almost pure K-
-feldspar composition for Treppes specimen. On the other hand, mlcrochneos
from Marcinkéw gave following values: 2V, = ng e S Xia — 16 ,;
v/ 1(010) = 12—14°; ny —n,=0.007; 20(204) =50°58"; 20(060) = 41°71;
90(201) = 20°96" — corresponding to a little more ordered (,,triclinized”)
feldspar with ca. 75 per cent order/disorder ratio. It is also .almos't pure
K-feldspar though showing sometimes a certain number of albite stringlets
in cores and margins of grains.

CHEMICAL COMPOSITION

Piemontite presents a rare exemple of a mineral which was distingu-
ished basing on chemical composition (Mn content) but in practice it is
the pleochroism which is now decisive feature in distinction between pie-
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montite and epidote. The reason is the fact, that epidotes which contain
more manganese than piemontites are not exceptional, whatever, all or the
majority of Mn is in the form of Mn?* ions. The conventional wet analy-
tical methods of distinction between Mn®+ (which is responsible for pecul-
iar absorption and pleochroism) and Mn2* are still not adeeuately develo-

Caz Alg&' (OHK)

%

2 +3) 3
Cazlln /4/25{3[;

Ca, Fe*34L, S1,0, (0)

Ca, MnZALSI, 0, (CH), /

Ca, FeALSL 0, (0%)

2 3:72¢
Ca, Hin33Si0 ,(0%) HMol. 2 Ca, fe?Si,0,(0h)

Fig. 4. Triangular diagram showing variation of Al, Fe3* and Mn3* in piemontites
(after Deer et la., 1962)
Letter M and T denotes specimen from Marcinkoéw and Treppes, respectively

ped. Some hopes are bounded with the method of electron microprobe wa-
ve length scanning as evidenced by Smith and Albee (1967). Mineral (cry-
stallochemical) formulas are also very indicative. When written in t%le
form X,Y;Si;0:,(OH) the manganese in epidote will be restricted to X(Ca)

position (the so-called manganous epidote) while i i ite i i
found in Y (octahedral) position. ) G T

Piemontite grains selected from the crushed ro

 sele ck sampl
undergone a separation in heavy liquids and hand piclf:rilrrl)geir}ll:;'e éliien
cular. The results of their chemical analyses are tabulated below (Tab. ‘;))_

The calculation of the crystallochemi :
tical water molecule gave: b emical (atomic)

formulas with theore-
Piemontite, Marcinkéw (Sudeten Mts.):

(Nag.07K.07Ca;.g3) (Feg.ts Mn3+ M i
Piemontite, Treppes (Elizgoegs)EosAll'”) Siz.070,,(0OH)

(Nag 06K0.0:Ca; 45) (Feg}, Mngjg Mg sAl, g )Si, 1101,(OH)
14

Table 3
Chemical analyses of piemontite, tourmaline, ferriphengite and hematite (in weight
percentages)
Piemontite Tourmaline Fern‘- Hematit
Component phengite | T
Marcinkéw | Treppes | Marcinkéw | Treppes Treppes |Marcink6éw ‘
|
SiO, 37,39 38,94 37,25 35,86 49,63 148 |
TiO, traces traces 0,31 0,48 1,06 | 874 |
ALO, 17,70 19,98 27,48 25,02 21,28 | 085 |
Fe;Os 14,20 14,49 5,10 9,32 936 | 868 |
FeO nil nil 1,89 4,60 nil | nil |
Mn,O; 4,09 2,16 nil nil ot etk Lo E
MnO nil nil 0,57 0,38 554 1o TAOF ¢}
MgO 0,63 0,74 11,71 7,61 2;809etit Foizob]
CaO 21,91 21,33 1,36 2,54 o2 o 0,29 |
Na;O 0,43 0,36 1,81 1,85 0,38 | nil *
K:0 0,65 0,32 0,75 0,36 699 |  nil ‘
H;O* 2,60 1,89 £ 2,69 560 2l o
H,O— 0,30 0.30 0,18 0,17 0,58 0,06 \
| B:Os - — — 9,79 = = |
| Total 99,90 100,51 88,41 100,57 100,00 | 99,61 i
i Spec. gr. 3.39 3,30 3,08 370 — 5,31 ’
| |

Tourmaline, Treppes (Euboea):

(N30.51K00‘8C30.46)(Mgl.asl\’lng;s Tig._‘o’e FEg.ts Feg‘fs)(A14.95F€;js)(Bz.uSis.onzT(OH,Fh
Ferriphengite, Treppes (Euboea) (1):

(K g 6:Na0.05C0.06) (Mo 2sMn 5 06 Ti 0.5 Fe 0.8 Aly13)(ShaarAlose) O1(OH):

and related micas known as alurgite (2—5,8) and phengite (6,7):
Chikla, India (Bilgrami, 1956) (2):

(Ko.8:Nag.22Cag.02) ‘Mgo.anﬁsTi 3.67F920.4(;1Fe (z)jsAle)(Siz.ssAll.n) O4,(OH),
Chikla, India (Bilgrami, 1956) (3):

(Ko.83Ca0.07) (Mgo.sMn .06 F.‘_egjﬂ:oAlx.w) (Siz11Alpgs) O1(OH)2
St. Marcel, Piemont (Odman, 1950) (4):

(Ko.geNao.M) (Mgo.s:Mn g-:)-l MDS&FG g.JgsAh.zs)(Sis.sgAlo.u) O4,(OH);
San Rernardino Co., California (Webb, 1939) (5):

(Ko.78Nag,08Cag.01) (Mgo.4sMn staFeps Tigss Al 37 )(Siz11Alygs) O10(OH)2
Ké&tu-Bizan Distr., Japan (Ernst, 1964) (6):

(Ko.69Nag.13Ca0.12) (Mgo 25Fe ﬁs Fegje Ti g};s All.zs)(Sis.asAlo.m) 04,(0OH,)
Kétu-Bizan Distr., Japan (Ernst, 1964) (7):

(Ko.azNao.07030,01)(MgoA41Mng.-§2Feg.tlFeg;zTi glell.as)(Siz.asAlo.sv) 04o(OH).
Jokkmokk, Ultevis Distr., Sweden (Odman, 1950) (8):

(Ko.seNao.0r) (Mgo13Mn e Fe s Ti 0.04Al150) (SizioAlnso) O1o(OH):
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valences in octahedral posi-

. t' ;
Nearly complete compensation of negative itormesthatronlyipossible

tion by all disponible Fe, Mn and Mg cations ms that o -
is the };rivalenf oxidation state of manganese. No dipositive iron was de

i i is the full absence of
termined by wet analytical methods. Note\yorthy is
TiO, and ar? excess of silica and alkalies, which may be due to g}lartz a_réd
microcline impurities. This was also shown by rather small specific gravity

data.

Chemical analyses of tourmalines (Tab. 3) from both studied occurren-
ces reveal not the elbaitic but mixed, schorl-dravitic charactey of _tourma—
lines. The recognition of systematic position of tourmaline is still more
complex than in piemontite and is hindered by a lack of adequate ghem}—
cal classification scheme. The low content of MnO in both localities is
very significant and could be ascribed to the early crystallization of tour-
maline.

The results of the only analysis of ferriphengite from Treppes (Tab. 3)
provided interesting data of wide consequences. Though the usage of term
ferriphengite has not been adopted in current literature, it is necessary
to express the quite great content of Fe,O; by filling the gap between
Winchell’s picrophengite (phengite s. stricto) and ferrimuscovite. The na-
me alurgite is less convenient as they and the so called sericites or musco-
vites from piemontite-bearing schists are not specially rich in Mn (though
conspicuously hued), instead being enriched in trivalent iron. In 1.;his res-
pect much useful seems to be the presentation of Winchell’s trlangu_lar
diagram having muscovite, ferrimuscovite and picrophengite (phengite)

KoLy (Sig Aly) Oy (0F) Kol Fey H6isAt) 0 (0¥

Fig. 5. Triangular diagram (after Winchell) showing variability of composition of alur-
: _ gites and related minerals
Numerals alongside of projection points are explained in list of crystallochemical formulas.
The arrows show relative contents of manganese in micas
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as enq membgrs, as well as, of all disponible mica compositions from pie-
montite-bearing assemblages (Fig. 5). The position of projection point of
Treppes mica argues the usage of term ferriphengite, proposed by Kane-
hira and Banno (fide Stzunz 1962).

The pink colouration of these relatively Mn-deficient micas might be
due to chromophoric effect of Mn3+ion-content, as in piemontite. Sugges-
ted by Webb (1939) and supported by Odman (1950) opinion of TiO,-con-
tent influence on colouration is improbable.

Very instructive proved also to be the only analysis of hematite from
Marcinkéw (Tab. 3). Much striking is here the abnormally high content
of titanium dioxide. This content, shown besides in another sample from
Marcinkéw, according to Edwards (1938, vide Deer et al., 1962) cannot
exceed 10% TiO,, without exsolution of ilmenite; Basta (1953, vide op. cit.)
gives 5% as end limit. Unexpected is also the content of Al,O; (maximum
possible 10% after Muan and Gee, 1955, vide Deer et al., 1962) taking into
account that the only observed impurities belonged to quartz. Instead, the
manganese enrichment, expected in these circumstances, is rather low,
when the maximum capacity without change of hematite structure equals
17 per cent. The microscopic observations in reflected light disclosed no
traces of exsolution in form of rutile or ilmenite inclusions.

FINAL REMARKS

Observations conducted on the material derived from Polish and Greek
occurrences of piemontite-bearing rocks allowed in confrontation with
published data to put forward some generalizations.

Except the acknowledged modes of appearance of piemontite-bearing
assemblages in regional metamorphic, low-grade crystalline schists, as
well as, in igneous and adjacent country rocks altered by postmagmatic
waters exists a possibility of formation in higher grade metamorphites.
This is evidenced by the presence of piemontite and associated minerals
in amphibolite facies rocks. This coincidence of spatial conditions of occur-
rence might be well only accidental without any genetical bond with me-
tamorphic facies (amphibolite facies as postulated by Smith, Albee (1967)
and Stensrud (1973).

There are many reasons to suppose that piemontite formation in higher
grade metamorphic rocks could be a result of polymetamorphism, namely,
of the imposition of hydrothermal-metamorphic action on products of re-
gional metamorphism. The confirmation of this conclusion lies in close
coexistence of pegmatoidal, feldspar segregations of not true pegmatitic
but hydrothermal origin, judging from highly ordered, ,,maximum” micro-
clines and low-temperature albites.

The sources of hydrothermal action it becomes to search taking into
account the zones of great tectonic dislocations such as San Andreas Fault
in California. The close neighbourhood of the last mentioned fault with
the piemontite occurrences was already emphasized by Allen (1957). It
seems that the blastocataclastic structures of B- or R-tectonites and the
abundance of sericites in the form of alurgites or ferriphengites (someti-
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mes highly leached from potash as in Treppes) present much significant
indications. /

It is quite possible that the agents of hydrothermal action repres%qt
juvenile postmagmatic waters contaminated by products of n}etamorp ic
Teactions. It has long been recognized that many metamorph_lc reactions
joined with progressive metamorphism (e.g., pyroxene formation) tend to
magnify the oxidation state of minerals, a factor of greatest importance
for the piemontite origin. Another sources of oxygene should be looked
for, though with probability, in postmagmatic emanations, _deeply descen-
ding meteoric waters or in metamorphism of iron-oxide-rich rocks (e.g.,
itabirites). The possibility of the common source of manganese for the
piemontite associated with major faults and for a part of Mr}—concentr{a—
tions in abyssal deposits (judging from a great number of major faults in
oceanic bottom) is much suggestive.
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Tadeusz WIESER

PIEMONTYT I TOWARZYSZACE MU MINERALY
Z SUDETOW (POLSKA) I WYSPY EUBEI (GRECJA)

Streszczenie

Swoiste paragenezy mineralne tworzy piemontyt i towarzyszgce mu
mineraly w dwu opracowanych wystepowaniach, w Marcinkowie (Sudety)
i Treppes (Eubea). W pierwszym z nich wraz z piemontytem stwierdzono
obecnoé¢ turmalinu, hematytu, fengitu, chlorytu, tytanitu, apatytu oraz
kwarcu i skaleni. W drugim znaleziono ponadto ferrifengit, flogopit i gra-
nat spessartynowy. Sukcesja krystalizacji byta nastepujgca: turmalin, epi-
dot, piemontyt, +-flogopit, -+ferrifengit (alurgit), 4-granat spessartynowy,
hematyt i chloryt. Turmalin nalezy do odmiany zelazawo-magnezowej.
Epidot wystepuje jedynie w reliktach, zachowanych w jadrach niektérych
ziarn piemontytu. Flogopit i granat spessartynowy wystepujg rzadko i je-
dynie w tupkach krystalicznych w Treppes. Takze i ferrifengit (alurgit)
wigze sie wylacznie z tupkami krystalicznymi, gdzie obok mikroklinu, al-
bitu i kwarcu jest gléwnym mineratlem. Mike te znamionuje wysoka za-
warto$¢ Fed+ i sklad posredni miedzy fengitem i ferrimuskowitem. Nie-
zwykla jest réwniez wysoka zawarto$¢ TiO,, Al,O; i MnO w hematycie.
Chloryt nalezy do odmiany bogatej w magnez i w czesci jest zapewne pro-
duktem przeobrazenia fengitu. Tytanit i apatyt sa charakterystycznymi
mineralami akcesorycznymi. Powstanie paragenez mineralnych z piemon-
tytem najlepiej tlumaczy dzialalnos¢ wod pomagmowych wzbogaconych
w tlen. Ten ostatni jest produktem przemian (np. blasteza piroksenu)
zwigzanych z metamorfizmem progresywnym. Rewizji wymagaja poglady
o powstawaniu piemontytu w warunkach facji amfibolitowej. Jest on tam
zapewne produktem polimetamorfizmu, tj. natozenia sie metamorfizmu
hydrotermalnego na regionalny. Godny uwagi jest przy tym czesty zwia-
zek asocjacji mineralnych z epidotem i piemontytem z wielkimi dysloka-
cjami tektonicznymi.

OBJASNIENIA FIGUR

Tig. 1. Szkice z mikrofotografii ptytek cienkich
a — tupek z Treppes z piemontytem (grube kontury), ferrifengitem (cienkie kontury),
hematytem (ciemne pola), tytanitem (grube kontury w goérze), kwarcem i skaleniami
(punktowe kontury). Zauwaz cienie rozciggania zwigzane z rotujgcymi mikroporfi-

2 19




roblastami piemontytu. Pow. 23 X. b — kontakt tupku z segregacjam.i pbogatymi w mi-
kroklin. Niektére ziarna piemontytu ujawniaja reliktowe jadro epidotowe: W gorze
dwie blaszki chlorytu i mate ziarna tytanitu sa dobrze dostrzegalne. Tx‘eppes,. pow.
20 X. ¢ — zastepowanie piemontytu przez hematyt w postaci zylek “{ykorzystua_acych
szczelinki lupliwo$ci. Zakropkowane obszary W piemontycie naleza' do epidotu.
W goérze dwa ziarna kwarcu (czyste pola), wW dole — mikroklin.' Marcink6w. Pow. 2} X
Fig. 2. Projekcja stereograficzna i klinograficzna krysztaléw piemontytu z Marcin-
kowa 2 -
Sciany terminalne osobnika b nalezg do: 011, 011, 111

Fig. 3. Projekcja stereograficzna i klinograficzna krysztatu tu_rmalinu z Treppes
Bieguny z podwojnymi pierscieniami symbolizujg najbardzie]j rozpowszechnione Sscia-
ny krystalograficzne. Sciana wicynalna zostala oznaczona literg x

Fig. 4. Trojkatny diagram zmienno$ci zawartoci Al, Fes+ i Mn*t w piemontytach
(wedtug Deera et al. 1962) ; ¢
Litery'M i T oznaczaja okazy z Marcinkowa i Treppes, odpowiednio

Fig. 5. Diagram tréjkatny (za Winchellem) przedstawiajacy zmienno§¢ sktadu alur-
gitow i pokrewnych mineratéw ; e
Cyfry przy punktach projekcyinych maja objasnienie w zestawieniu formut krystalo-
chemicznych. Strzalki odzwierciedlajg wzgledne zawartosci manganu w mikach

Tadeyww BH3EP

NbEMOHTHUT U CONMYTCTBYIOLUME MUHEPAJIbI
B CYJIETAX (I1OJIbLIA) U HA O. 3BBESl (T'PELLUA)

PesoMme

B uccaenoBaHHbIX pyonposiBiennsix Mapuunkys (Cyaerst) n Tpenmec
(0. OBOesi) MHEMOHTHT U CONPOBOXKJAIONIME ero MHHepa/ibl 06pasyioT cBoe-
oBpasHble MHHEpaJbHbie NapareHesuchl. B mepBoM H3 3THX MECTOPOXKAEHUH
BMECTe C NMbEeMOHTHTOM BCTDEYaloTCsi TYPMaJMH, TeMaTHT, (EHrHT, XJIODHT,
THTAHWT, alaTHT, a TaKXkKe KBapl M IoJeBble WNaThl. Bo BTOpoM, Kpome
nepeuHcJeHHbIX MHHEPasioB, pacnpocTpaHeHsl (eppudeHnrut, ¢aoronut
W CreccapTHHOBbII rpaHar. IlocleoBaTeNbHOCTh KpUCTaH3aund Gblia
clenyiollas: TYpMaJuH, 3MHAOT, TbeMOHTUT, — (eppudeHrut (anayprur),
-+ cmeccapTHHOBBIN IpaHAT, TeMaTUT M XJOPUT. TypMasiuH OTHOCHUTCS K 3Ke-
JIe3UCTO-MaTHHEeBO# PAa3HOBUAHOCTH. DMHUAOT BCTPEUaeTCsl €AMHCTBEHHO B BH-
Jie PeMKTOB, COXPAHHBIIHXCS B ApaX HEKOTOPHIX 3epeH MbeMOHTHTa. PJo-
FONHUT ¥ CIEeCCapTHHOBBIN TpaHAT BCTPeUaloTCsl PeKO M JIHIIb B KPHUCTAJJIH-
YeCKHUX cJaHIax MecTtopoxaeHusi B Tpennec. @eppucdeHrur (aayprur) Toxe
CBSI3aH C KPUCTAJJIMYECKUMH CJIaHIlAMH, B KOTOPbIX HapsAy ¢ MHKDOKJIHHOM,
anbO0MTOM W KBaplleM NpPHHAJJIEXHT K TIJIaBHBIM MHHepajJaM. JTa CHIOfa
OTJIMYaeTcsi BHICOKMM cojepikanueM Fe3* U XapaKTepuayercs MmpoMeKyTod-
HBIM COCTaBOM MeX1y (EHTHTOM H (PeppUMYCKOBUTOM. MCK/IIOUHTETHLHO BbI-
cokoe cogepxKanue TiO, Al,O; u MnO oTMeyeHO B reMarture. XJOPHUT
Npe/iCTaBleH Pa3HOBUAHOCTbIO OOraTod MarHHEM U YaCTHYHO SIBJSIETCS,
T0-BEPOSITHOCTH, NPOAYKTOM Ipeo6pas3oBaHusl (enrura. THTAHUT M amaTHT
NpPeJICTaBJAT THIHYHbIE aKIeCCOpHble MUHepaabl. OOpasoBanHe MHHEpaJb-
HBIX MapareHesucoB C NMbEMOHTHTOM JIyyllle BCEro OGBACHAETCH AeATeNbHO-
CTBIO TIOCTMarMaTHYeCKHX BOJZ, OOOTallleHHBIX KHCJOPOLOM. IIbeMOHTHT
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Tz

siBJsercs TNPOAYKTOM npeoOpas3oBaHusi (Hanpumep, 0.acTes nUpoKcena),
CBSI3aHHOTO C TPOTPECCHBHBIM MeTamopduamom. Ilepecmorpenus Tpe(’)yrdr
B3IVIsIbL 00 00pa3oBaHUH NbEMOHTHTA B YCJAOBHSX aM(bUOOIUTOBOH (alu.
B 3THX yc/IOBHAX OH MpeJCTaBJsieT, OYEBUIHO, TPOAYKT moauMeramopdusma,
T.e. HaJOXKEeHHUsI THAPOTEePMaNbHOT0 MeTaMop(du3mMa Ha perdoHaabHbiil. Buu-
MaHUS 3aCJHyXKHBAaeT 4acTo HaOJIOAAIOIAsCs CBSI3b MHHEPAJbHBIX accolua-

A C 3NUAOTOM U MNBEMOHTHUTOM C KPYNHBIMH TEKTOHHYECKHUMH [AHCIOKa-
LHHAMH.

OBBSICHEHUMA K PUTYPAM

®ur. 1. CxemaTuyeckue 3apHCOBKH MO MHKPO(OTOCHHMKAaM MHIIH(OB
a — caaner; u3 Tpenmec ¢ NbEMOHTHTOM (KHPHBIE KOHTYDHI), (eppHbeHruToM (TOHKHE KOH-
Typbl), reMaTHToM (TeMHOe MOJe), THTaHHTOM (KHpDHBIE KOHTYDBI BBEpPXY), KBapueM H moJe
BbIMH LUIMTATaAMH (IIyHKTHpHHC KOHTypbl). BuaHel TeHH pacTsAXKeHHs, CCBA3aHHBIE C oépamexme.\l
MHKDPOMOPGHPOGIACTOB NMBEMOHTHTA. YBeJd. 23 X, b — KOHTaKT CJaHIA C BBUICJICHHAMH Gora-
TBIMH MHKDOKJHHOM. B HEKOTODBHIX 3epHaxX NbEMOHTHTA Haba0ganTca PEJIHKTOBbIE sADa 3M0Y-
aora. BBC’pr ABe ‘{eulyﬁKH XJIODHTA H MaJIeHbKHE 3epHa THUTaHHTA, Bbipa’K€HHBIE OTHYETJHBO.

Tpenmec, ysea. 20 X. ¢ — 3aMellleHHe MbEMOHTHTA TeMAaTHTOM, B BHJAE MDOXHIKXOB, HCHOIB3Y-
JOLIMX TPEUIHHKH CJaHLEBATOCTH. YYaCTKH B IbEMOHTHTE, OTMEYeHHBIE NYHKTHPOM, TNDEACTa-
BJASIOT SMHAOT. BBepxy [Ba 3epHa KBapua (YHCTble MOJst), BHH3Y — MHKDOKJHH. MapuusKysB,
yeea. 21 X

®ur. 2. Crepeorpaduyeckas H KIHHOrpauyecKas TMPOEKUHH KDUCTAIOB TMBEMOHTHTA H3
MecTOpOXKAeHHss MaplHHKYB i
TepMHHaJIbHbIE TPAHH HHAMBHAA IPEICTABJEHBI: 011, 011, 111

®ur. 3. Crepeorpaduueckasi i KIMHOrpapuyeckas NMPOEKUHH KDPHCTalla TypManuHa H3 Me-
CTOPOXK/AEHHA B Tpennec
Tlonoca ¢ ABOHHBIMH KOJbLAMH OGO3HAyalOT CaMble DaCnpoOCTpaHEHHBIE KpHcTaanorpaduieckue
rpauH. BuumHaspHas rpaHb oGo3HayeHa GykBoit X

Oyr. 4. TpeyronbHas AnarpaMma KosieGaHHil cO/epKaHus Al, Fe3+ u Mn3+ B MbeMOHTHTAX
(mo Mwpy u np., 1962)
Bykeamu M u T 0603Ha4€HBbI COOTBETCBEHHO o6pa3subl H3 MECTOPOXAEHHH Mapuunkys H Tpenmec

®ur. 5. TpeyronbHass auarpamma (Imo BuHue/y), TpeACTaBsionlasi MepeMeHHbH cocTas
aJIyprUTOB H OJIM3KHX MHHEpaJIOB
Uucita BOAH3H TOueK MPOEKIHH OGDBSCHEHBl B COMOCTABJGHHH KPHCTAJVIOXHMHGECKHX dopmya.
CTpeJKaMH IMOKa3aHO OTHOCHTEJbHOE COJCDXKAHHE Mapramia B CJIOAAX




