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Variation of chemical composition of clinopyroxenes in basaltic volcanic rocks, including lavas and shallow intrusions of the Doupovské
hory Volcanic Complex, was studied. High Ca (mostly over 90% of M2 site) and Mg contents of analyzed clinopyroxenes qualify them as
diopsides. With respect to Al and Ti admixtures, full name of titanian aluminian diopside should be used in most cases. The name augite,
traditionally used in older literature without support by analytical data, is no more applicable. During crystallization of basaltic rocks, the
composition of clinopyroxenes changed to Fe-rich diopside in phenocryst rims and matrix microcrysts. The contents of Al, Ti and Fe
increased from cores to rims, whereas Si and Mg decreased. The same compositional shifts were observed in clinopyroxenes of essexitic
rock. Record of compositional changes is documented in zoned clinopyroxene phenocrysts from tephriphonolite. Cores of these phenocrysts
show composition similar to clinopyroxenes in basaltic rocks, whereas their rims are of sodian aluminian diopsidic composition differing
significantly in higher Fe/Mg and Na/Ca ratios and a low Ti content.
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Introduction

Pyroxenes are the most abundant rock-forming minerals
of basaltic rocks. Thanks to the long period during which
pyroxenes crystallize — from first stage of crystallization
in cores of large phenocrysts (together with olivine) to
the late stage of microcrysts crystallization in matrix —
pyroxenes contain the most complete record of the crys-
tallization history of basaltic magma. Pyroxenes, as im-
portant magmatic rock-forming minerals, are intensively
studied worldwide (for review see Prewitt et al. 1982;
Deer et al. 1997 and references therein). In contrast to
this, the chemical composition of pyroxenes in Cenozoic
volcanic rocks of the Bohemian Massif have been little
studied (Ulrych 1983, 1986, 1998, Ulrych et al. 1990,
1991, 1998), and data on pyroxenes of volcanic rocks of
the Doupovskeé hory volcanic complex (DHVC) are com-
pletely lacking. Apart from the studies mentioned above,
compositional data for clinopyroxenes from the DHVC
could be compared with mineralogical data available from
comparable alkaline suites around the world. Pioneering
systematic study of clinopyroxenes in alkali basaltoids of
the Hocheifel area was done by Huckenholz (1966, 1973).
In 70’s, the general observations on clinopyroxenes in
alkali basaltic rocks were summarized by Wass (1973,
1979). Clinopyroxenes from other Central European al-
kaline volcanic suites (Hungary) were studied by Dobosi
(1987, 1989) and Dobosi et al. (2003). Clinopyroxene
phenocrysts in relationships to evolution of basaltic sys-
tem were studied by Liotard et al. (1988) in the French
Massif Central. Crystalization trends of clinopyroxenes
in alkaline rocks were studied on ocean islands of Atlan-

tic (e.g. Tenerife: Scott 1976) and Pacific Oceans (e.g.
Tahiti: Tracy — Robinson 1977) as well. Clinopyroxenes
of composition similar to those from the DHVC were
described from volcanic rocks, with geochemical char-
acteristics similar to the DHVC, from Uganda (Simon-
etti et al. 1996). Clinopyroxenes in silicic alkaline rocks
were studied by DePieri — Molin (1980) on the samples
from the Euganean Hills (N Italy). The miscibility of
Ca-Ti-Tschermak’s molecule with diopside was studied
by Gupta et al. (1973).

Geological, petrological and mineralogical studies in
the DHVC (Fig. 1.) are scarce if compared to the situa-
tion in the Ceské stiedohoii Mts. (e.g. Cajz et al. 1999;
Ulrych et al. 2001). The presence of military training area
in the Doupovské hory Mts. is only one of several rea-
sons for this situation. A first more complex dataset of
microprobe analyses of some rock-forming minerals was
acquired by Rapprich (2003a) from northern parts of the
DHVC.

Clinopyroxenes in Cenozoic volcanic rocks of the
Bohemian Massif are traditionally classified as augites or
aegirine-augites (e.g. Kopecky 19871988, a. 0.). In Bo-
hemia, the term “augite” was introduced in early 19" cen-
tury by Ponfikl (1822) for famous idiomorphic phenoc-
rysts from Paskapole in Ceské stiedohofi Volcanic
Complex. For a long time, the distinction between aug-
ite and diopside was based solely on the slight difference
in their optical parameters. Clinopyroxenes in DHVC
were optically studied in the first half of 20" century by
Zartner (1938). The term “augite” became commonly
used in Ceské stfedohoii and Doupovské hory volcanic
complexes and most authors used this name without test-
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ing its validity chemically, even though the classification
of pyroxenes evolved meanwhile. In this respect are ex-
ceptional studies of Ulrych (1983, 1986), who proved
diopsidic or salitic (currently merged to diopside) com-
position of clinopyroxenes from the Ceské stfedohofi al-
ready in 80’s.

Geological setting

The Doupovské hory Mts. represent one of two major
volcanic complexes of the Ohie/Eger Graben, the east-
ernmost graben of the European Cenozoic Rift System
(e.g. Christensen et al. 2001; Dézes et al. 2004), see
Fig. 1. Early studies (Zartner 1938; Kopecky 1987—-1988)
proposed prevailing explosive activity with minor lava
effusions. Hypothesis of Kopecky (1987-1988), explain-
ing the origin of this mountains, dealt with a single huge
stratovolcano. Currently, geology of the Doupovské hory
Mts. seems to be more complex, according to new stud-
ies (Hradecky 1997; Hradecky et al. 2000, 2005). Se-
quence of basaltic lavas with subordinate layers of Strom-
bolian and Hawaiian pyroclastics (total thickness
reaching 500 m) overlay pyroclastic and epiclastic depos-
its of Upper-most Eocene and Lower Oligocene Strom-
bolian up to Plinian explosive activity (Hradecky 1997,

Mikulas et al. 2003). The younger, effusive activity is
probably of Upper Oligocene to the Lowermost Miocene
age. Lavas and pyroclastics were not produced from one
central crater but from numerous conduits, often arranged
along NE-SW trending tectonic zones (parallel to the
Eger Graben). Layers of clastic deposits between indi-
vidual bodies of compact lava were newly interpreted as
autoclastic facies of lava flows (Hradecky 1997; Rapprich
2003b).

Subvolcanic rocks are exposed only scarcely as the
entire complex is only moderately affected by erosion.
The occurrence of subvolcanic essexite intrusion at the
abandoned town of Doupov (Duppau) is known for a long
time (Wiesbaur 1901).

Basaltic lavas are of relatively uniform composition.
Analcimites, nephelinites, tephrites and basanites are the
most common rock types accompanied by picrobasalts
and alkali basalts (Shrbeny 1982; Rapprich 2003b).
Differentiated rocks are rare. Affinity of the And¢lska hora
and Semnicka skéla phonolites, situated nearby the volca-
nic complex, to the DHVC is not clear. A tephriphonolitic
dike has been newly discovered in the central part of the
DHVC during geological mapping (Hradecky et al. 2005).

General geochemical characteristic of the DHVC prod-
ucts were outlined by Shrbeny (1982) using major ele-
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Fig. 1 Location of the Doupovské hory volcanic complex in the sketch map of the Ohie/Eger Graben (adapted after Christensen et al. 2001).

Location of Fig. 2 is marked by dashed polygon.
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Fig. 2 Location of samples. 1 — major towns; 2 — abandoned towns
(military training area); 3 — dominant hills: H — Hradist¢ hill, L — Lesna
hill, P — Pusty zdmek hill, U — Uhost" hill, V — Velka Jehli¢na hill;
4 — sampling sites. The letters “DH” were omitted from the numbers
of samples in the sketch.

Table 1 Coordinates of analyzed samples.

Sample North East

DH485 50°19¢12.7¢ 13°04°48.8*
DHS508 50°19°46.6* 13°05°15.3
DHS582 50°13°59.2¢ 13°05°05.7°
DHS583 50°17°26.2* 12°5926.2°
DH606 50°16°36.8* 12°5928.2°
DH644 50°13°04.5¢ 13°00°12.0°
DH646 50°13°43.7¢ 13°07°12.2*
DH657 50°16°44.5¢ 13°05°30.7¢
DH665 50°16°14.4* 13°07°43.7¢
DH796 50°16°54.0 13°05°05.6°
DH807 50°17¢03.7¢ 13°08°53.6°
DH829 50°15°36.9¢ 12°59°10.4*
DH834 50°14°04.0° 13°03°21.6
KA43 50°20°29.6* 13°12°15.6
V2 50°21°40.9¢ 13°15°06.2°
V3A 50°21°40.9¢ 13°15°06.2°
V3B 50°21°40.9¢ 13°15°06.2°
V9 50°2133.3 13°14°09.4*
V10B 50°2133.3 13°14°09.4*
Vi4 50°2133.3¢ 13°14°09.4

ments. The projection of these data grouped with new
analyses obtained within the framework of geological
mapping (Hradecky et al. 2002, 2005) into the TAS dia-
gram (Le Bas et al. 1986) show predominance of basal-
tic rocks clustered around the borders between foidite,
tephrite/basanite, picrobasalt and (alkali) basalt fields.

Petrological characteristics

Analyzed clinopyroxenes were sampled from four prin-
cipal rock types: basaltoids, picrobasalts (+ olivine-rich
alkali basats), essexite and tephriphonolite. These rock
types represent volcanic rocks forming the DHVC.

Basaltoids are the most abundant rocks present in the
DHVC, mostly as lava flows or lava sheets. These rocks
are relatively uniform in composition and consist of cli-
nopyroxene, Fe-Ti oxides, nepheline/analcite and/or pla-
gioclase and + olivine.

Picrobasalts are macroscopically well distinguishable
among lavas of DHVC. This rock-type consists of abun-
dant large phenocrysts of olivine and clinopyroxene
(aprox. 50% of the rock by volume), enclosed in fine-
grained matrix (clinopyroxene, Fe-Ti oxides, minor anal-
cite). The picrobasaltic lavas are characterized by high
MgO and low alkali contents. Cr and Ni contents are
higher then in other basaltoids, but these values contin-
uously decrease via olivinic basaltoids to olivine-free
basaltoids and do not distinguishably separate picroba-
salts from other rock types (foidites, tephrites, basanites
and alkali basalts), common in DHVC.

Subvolcanic rocks occur scarcely in the DHVC and
represent intrusive equivalents of superficial basaltoids.
The sample KA43 represents essexitic rocks of the
DHVC. Essexites in DHVC represent moderately evolved
basaltic magma (equivalent to tephrites — Adamova in
Hradecky et al. 2005). Essexite KA43 consists of large
(up to 2.5 cm) clinopyroxene phenocrysts forming ap-
proximately 60 vol.% and phenocrysts of nepheline. The
matrix consists of plagioclase, Fe-Ti oxides and minor
fine-grained clinopyroxene.

The silicic alkaline rocks are very rare in the DHVC.
The studied tephriphonolite consists of abundant sanidine
and nepheline, with not very common phenocrysts of cli-
nopyroxene and amphibole. Both mafic minerals make
together aggregates. Rims of amphiboles are often de-
composed to a mixture of clinopyroxene, Fe-Ti oxides
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Fig. 3 Q-J classification diagram (Morimoto 1988). 1 — field of com-
positional range of clinopyroxenes from basaltic and picrobasaltic rocks
(n = 159); 2 — field of compositional range of clinopyroxenes from es-
sexite (n = 15); 3 — field of compositional range of clinopyroxenes from
tephriphonolite (n = 8).
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and minor phlogopite. Sometimes amphibole is over-
grown by clinopyroxene (Fig. 10).

Sampling and analytical methods
Rock samples for the study were collected mostly from

basaltic lavas of the upper, predominantly effusive stage,
essexite from north-eastern part of the DHVC (KA43 —
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Fig. 4 Fe/(Fe+tMg) / Ca diagram (alternative to Wo-En-Fs quadrilateral).
X axis shows Fe/(FetMg) molar ratio, where Fe = Fe?* + Fe** + Mn,
and is equivalent to Fs/(En+Fs) value (sensu Morimoto 1988). On the
Y axis Ca (in apfu) is plotted. Wo corresponds to Ca = 2.0. 0-2.0 range
of y-axis (Ca) was plotted for comparability with Wo-En-Fs diagram.
Symbols of compositional fields of individual rock types correspond
to previous figures.
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in Hradecky et al., 2000) and tephriphonolitic dike in the
central part of the DHVC (DH796 in Hradecky et al.
2005). Sampling sites are shown in Fig. 2. and their co-
ordinates are listed in Table 1.

The present work has been based on the dataset of 183
analysed clinopyroxenes from the DHVC, consisting of
two subsets presented previously in manuscript reports
and complemented by newly analyzed samples. Micro-
probe analytical data from rock-samples V2, V3A, V3B,
V9, V10B, V14, DH485 and DH508 come from diplo-
ma thesis (Rapprich 2003a). Data from rock-samples
DH582, DH583, DH606, DH644, DH646, DH657 and
DH665 (the samples correspond to documentation points
of the same numbers) were presented in explanatory notes
to geological map 1:25 000, sheet 11-223 Kyselka
(Hradecky et al. 2005). Clinopyroxenes from samples
DH796, DH807, DH829, DH834 (documentation points
in Hradecky et al. 2005) and KA43 (documentation
point in Hradecky et al. 2000) were newly analyzed. The
combined set of pyroxene analyses (Tables 2, 3, 4 and
http://www.geologickaspolecnost.cz/jcgs/content/
JCGS2005 3-4 rapprich/) make statistically signifi-
cant database.

All analyses were done in micro-analytical laboratory
(LAREM) of the Czech Geological Survey, Prague. The
first of the analytical subsets was analyzed by A. Gabas-
ova in 2002, using scanning electron microprobe Cam-
Scan S4 at operation current 2.5-3 nA, voltage of 15 kV
and counting time of 100 s. The second subset was acquired
by K. Maly, P. Tycova and J. Haloda using CamScan 3400
analyzer. Analytical conditions were the same. Energy Dis-
persion System (EDS — Link ISIS 300) with Helios soft-
ware was applied to acquire quantitative analyses. Accept-
ed were analyses with 98.5 < total < 101.0.
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Fig. 5 Wo-En-Fs diagram (after Morimoto 1988) constructed after subtraction of all components not included in Wo-En-Fs system. a — analyses
of pyroxenes from basaltic rocks; b — analyses of pyroxenes from picrobasaltic rocks; ¢ — analyses of pyroxenes from essexite; d — analyses of

pyroxenes from tephriphonolite.
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Fig. 6 Di-(Hd+Ae)-Ts ternary diagram (after Huckenholz 1973). Di and Hd molecules were calculated from Wo, En and Fs proportions. Ts is a
total of Tschermak’s molecules (CAT + CFT + CTT). a — analyses of pyroxenes from basaltic rocks; b — analyses of pyroxenes from picrobasaltic
rocks; ¢ — analyses of pyroxenes from essexite; d — analyses of pyroxenes from tephriphonolite.

Data recalculation

As augite and diopside crystallize both in the same C2/c
space group (Cameron — Papike 1981, 1982), their dis-
tinction in modern mineralogical classification (Morim-
oto 1988) is based on chemical composition. Therefore,
terminology of clinopyroxenes from the DHVC should
be based on mineral chemistry.

Number of atoms per formula unit was calculated on
4 cations. Method of Vieten and Hamm (1978) balancing
the deficiency of oxygen atoms corresponding to 4 cations
(with all iron as Fe?") was used for calculation of Fe*".

Crystal-chemical formulas (M2 M1 T,O,) have been
derived by successive filling of structural positions (Cam-
eron — Papike 1981, 1982, Morimoto 1988). Si and Al
solely enter the T-site according the practice of Cameron
and Papike, whereas Huckenholz et al. (1969) proved pos-
sible presence of Fe* in this position. On the basis of in-
formation by Huckenholz et al. (1969), IMA recommends
inclusion of Fe** into T-site in cases when it is needed
(Morimoto 1988). Due to insufficient contents of Si and
Al in some cases of clinopyroxenes from the DHVC, IMA
recommendation was accepted. Distribution of individual
metals among the three mentioned sites has been done in
self-prepared MS Excel spreadsheet. Numbers of atoms per

formula unit (apfi) are presented in Tables 2, 3 and 4 for
representative samples or on journal website as complete
dataset (together with complete analytical data).

For classification of pyroxenes, recommendations of the
International Mineralogical Association (IMA) were fol-
lowed (Moritmoto 1988). According to the J-Q diagram
(Fig. 3), all analyzed clinopyroxenes belong to the “Quad”
field and none of them (neither from tephriphonolite) plot-
ted in Na-Ca field. High contents of Ca-Al-Tschermak’s
and Ca-Ti-Tschermak’s molecules prevented a direct use
of Wo-En-Fs quadrilateral diagram, because the analyses
would plot high above the Wo=50% line, even though in
only few cases Ca content is in excess. The effect of over-
estimation of the Wo component in the Wo-En-Fs diagram
can be evaded using Fe/(Fet+tMg) / Ca diagram (Fig. 4).
Fe/(Fet+Mg) value (x-axis) is equal to Fs/(Fs+En) value
(sensu Morimoto 1988 — calculated with Fs based on to-
tal Fe) and y-axis shows the total number of Ca apfis (the
range of y-axis 0.00-2.00 was used for good comparison
with Wo-En-Fs diagram; wollastonite corresponds to
Ca=2.00).

In order to obtain true ratios of molecules entering
the quadrilateral diagram, the additional components
(molecules) were subtracted in the following sequence:
kosmochlor (NaCrSi O,), aegirine (NaFe*'Si,O,), jade-
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ite (NaAlSi,O,), kanoite (MnMgSi,O,), Ca-ferri-Tscher-
mak’s molecule (CaFe’* SiO,), Ca-Al-Tschermak’s mole-
cule (CaAlSiO,), Ca-Ti-Tschermak’s molecule (CaTiAlLO,)
and esseneite (CaFe’*AlSiO,). The rhodonite (Mn,Si,O,)
molecule was also needed in one case. The purified Wo-
En-Fs system was then used for construction of quadri-
lateral Wo-En-Fs diagram (Fig. 5). Such procedure does
not follow the IMA recommendations (Morimoto 1988),
but appeared to be necessary in the study of the DHVC
clinopyroxenes. Proportions of diopside and Tschermak’s
molecules are presented in the Hd+Ae — Di — Ts diagram
(after Huckenholz 1973 — Fig. 6), where di and hd con-
tents were calculated from purified Wo-En-Fs system and
Ts is sum of Tschermak’s molecules.

The results of calculation have been plotted using
GCDkit software (Janousek et al. 2006) working in
R-language (R Development Core Team, 2005).

Results
Chemical composition of clinopyroxenes

Clinopyroxenes from basaltic rocks
Two generations of clinopyroxene can be observed in
most samples of the basaltic rocks. The first generation
is represented by large phenocrysts, enclosed in fine-
grained matrix including clinopyroxene microcrysts of
younger generation. Phenocrysts consist often of a core
and one or several distinguishable growth zones. The
growth zoning is mostly of a progressive character
(Fig. 7) and only scarcely oscillates (Fig. 8). The gener-
al compositional trend is always characterized by de-
crease in MgO and SiO, and increase in FeO, , TiO, and
Al O, from core to margin (see Table 2). Chemical com-
position of the whole dataset is plotted in Figs 3, 4, 5, 6,
11 and 12. No differences in composition have been ob-
served between prismatic and pyramidal sectors that in-
dicate absence of sector zoning. Calculated numbers of
atoms per formula unit (apfu) of representative clinopy-
roxenes are presented in Table 2.

The empirical formula of averaged (n = 33) clinopy-
roxene cores from basaltic rocks can be presented as:

(Nao.osCao.93Fezof04)(Fezof07Mgo.7sTio.ooFe%fmAlo.oz)(Alo.zoSi1.80)06

and the crystal-chemical formula of averaged (n = 77)
clinopyroxene rims and microcrysts from basaltic rocks
can be presented as:

(I\IaamcaoysFe2+ )(1:62(;05;1\/[!(:{0‘71Ti0A09Fe3+ Al

0.03 0.117 70.01

YA LSi, )0,

1.75

The variation in chemical composition through the phe-
nocrysts is visible even on these averaged empirical for-
mulas. Increase in Al, Ti, Fe' and Na and decrease in Si
and Mg from core to rim are characteristic for clinopy-
roxenes in alkali basaltoids and were described from nu-
merous areas (e.g. Dobosi 1989, Ulrych et al. 1998). In the
first stage of crystallization, elements building molecule of
diopside (Si and Mg) are preferred, in later stages struc-
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Fig. 7 a — Microprobe traverse trough a twinned clinopyroxene phe-
nocryst (crystals 1 and 2) in the sample DH646 (analcimitic lava from
the saddle between Hradist¢ hill and Pusty zamek hill — see Fig. 2).
Solid symbols are for the larger twin, whereas open symbols are for
the smaller one; b — BSE image of the analyzed phenocryst. Scale bar
in the right bottom corner is 500pm.

ture of pyroxenes accepts also the “non-pyroxene” elements
as Ti, Al and alkalis. Variations in samples DH582 and
DH646 are visualized in Figs 7 and 8. The mentioned
trends of decrease in MgO and SiO, contents and increase
in FeO,, TiO, and Al,O, are well-defined, whereas CaO
content is uniform and independent of crystallization
progress. The trend of decreasing MgO and increasing FeO
is dependent on decreasing temperature and differentiation
of basaltic melt, where FeO/MgO increases due to fraction-
al crystallization (Huebner — Turnock 1980).

Clinopyroxenes from picrobasalts are very similar to
those of other basaltoids. A slightly elevated Mg/Fe ra-
tio cannot be used as a discriminator due to a large over-
lap with pyroxenes from other types of basaltic rocks.
The chemical composition of cores of clinopyroxenes
from picrobasaltic lavas can be presented by averaged
(n=12) empirical formula:

(NaO.O4ca0.9l F OJ,rOS)(F OJ.r03MgO.84cr0.0 1 TiO.O3FéO§)6A10.03)(A10,1 1 Sll .89)06

whereas rims and microcrysts of clinopyroxene in pi-
crobasalts have averaged (n = 31) composition:
(Na'0.04cja0.92Fez()Jr )(Fe2+ Mg(),73T‘iO.O7Fe3Jr Al )(AIOZZSI

.04 0.07 0.10" 70.03

)0,

1.78
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Fig. 8 a) Microprobe traverse trough zoned clinopyroxene phenocryst
No. 5 in the sample DH582 (phenocryst 582-5, see analyses in Tab. 1.),
which is olivine-bearing fine-grained analcimite from the northern slope
of the U Tokanist¢ hill — south of the Pusty zamek hill (see Fig. 2).
The zonation is visible on BSE image (b) and in distribution maps of
aluminum (c) and magnesium (d) respectively. Scale bar in the right
bottom corner of the BSE image is 500um.

Slightly higher contents of Mg in cores of clinopy-
roxenes from picrobasalts, if compared to common ba-
saltoids, are obvious, whereas rims and microcrysts are
indistinguishable from those of other basaltoids.

The picrobasalts of the DHVC are comparable to pi-
crobasalts of Hocheifel. Clinopyroxenes show the same
compositional shifts, characterized by decrease in Si, Mg
and Cr and increase in Al, Fe?* and Ti in both complex-
es, but all clinopyroxene generations from picrobasalts
of the DHVC are richer in silica and magnesium and
poorer in ferroan iron and titanium then those from
Hocheifel studied by Huckenholz (1966). Calcium, so-
dium and chromium contents seem to be equal. On the
other hand, studied picrobasaltic clinopyroxenes and ob-
served trends are very similar to those analyzed by Scott

(1976) from ankaramites of Tenerife. Similar crystalliza-
tion trend was also described from ancient alkaline ba-
salts from Mt. Etna (Nazzareni et al. 2003), where py-
roxenes have chromium-rich cores. Their rims differ from
picrobasaltic pyroxenes from the DHVC in lower con-
tents of titanium.

Clinopyroxenes from olivine melilitite-(polzenite)-
nephelinite suite from the Plou¢nice region (NNE Bohe-
mia) are characterized by extremely low Si and high Al
and Ti contents (Ulrych et al. 1990, 1991). Also Mg con-
tent is much lower than in pyroxenes of picrobasaltic
rocks from the DHVC. Clinopyroxenes from basaltoids
of the Ceské sttedohoti Volcanic Complex (Ulrych 1986)
are chemically closer to the DHVC, but mostly differ in
higher Fe"/Mg.

Clinopyroxenes in the studied basaltic rocks of the
DHVC are classified as diopside following the IMA rules
modified with subtraction of the additional components
prior to construction of Wo-En-Fs diagram as mentioned
above. Their content of aluminium, which is always far
above classification limit (>0.1 apfu — Morimoto 1988),
results in use of the qualifier “aluminian”. The content of
Ti in clinopyroxene rims from basaltoids is also slightly
higher than the limit of 0.1 apfu and in such cases speci-
fies the term with modifier titanian. The full designation
of clinopyroxenes in basaltic rocks of DHVC is then (+fi-
tanian) aluminian diopside. On the other hand, titanium
content in clinopyroxene cores from picrobasalts is low and
partly compensated by chromium. Such clinopyroxenes
should be called chromian aluminian diopside.

Clinopyroxenes from essexitic rock
Clinopyroxenes occur predominantly as large phenoc-
rysts, forming more than 60 vol.% of the rock, whereas
in matrix they are relatively rare. Variation in chemical
composition through growth zones of studied phenocrysts
is of the same character as in basaltic lavas. Also here, a
decrease in MgO and SiO, and increase in FeO, TiO, and
Al O, with ongoing crystallization have been observed
(Fig. 9). Such compositional shift corresponds to increase
in contents of aegirine and Tschermak’s molecules
(Fig. 6). Numerically is the compositional shift expressed
in difference between averaged empirical formula of the
cores (n=5):
(NaomCaoysFezofoz)(FezofosMgoA73Tio,osF630+A10Alo,01)(A10.24SiL76)O6
and growth zones and rims of clinopyroxene phenoc-
rysts (n=10):

(NaOAo4ca0,95FeZO*A—01)a:ez+ Mg064'r1 Fe3+

0.12 0.100 ~0.11

A10.03)(A10A3OSi1A70)O6

Clinopyroxene phenocrysts in essexite do not show
sector zoning and compositionally correspond to clinopy-
roxenes from weakly evolved basaltoids, such as teph-
rites (Fig. 4).

Chemical composition of clinopyroxenes from essex-
itic rocks of the Ceské stfedohofi Mts. was studied by
Ulrych (1983, 1998). Clinopyroxenes from monzodior-
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Fig. 9 a, b — Microprobe traverse trough the phenocrysts 1 and 4, respectively, of the sample KA43 (essexite from the Donin Valley);
¢, d — showing BSE images of analyzed phenocrysts with location of the analyzed spots. Solid symbols were used for pyramidal sectors, whereas
open ones for prismatic sectors. Scale bars (both 1 mm) are in right bottom corner and left bottom corner, respectively.

ite (rongstockite), essexites and sodalite syenites of the
Ceské stiedohofi Mts. are generally richer in Si and Mg
and poorer in Al and Ti, if compared with clinopyroxenes
from essexite of the DHVC. Higher amount of Al and Ti
is most probably related to a shallower depth of exposed
essexitic intrusion in the DHVC. Increasing content of
CaTiAl,O, molecule in diopside dependent on decreas-
ing pressure were described by Yagi — Onuma (1967),
Wass (1979) a.o.

Clinopyroxenes from tephriphonolitic rock

Clinopyroxenes in studied tephriphonolitic rock occur in
two clearly defined generations. Colorless to weakly
brownish (in thin section) cores are overgrown by re-
markable green rims. Commonly, clinopyroxenes are spa-
tially associated with brown amphiboles (which occur
also individually). The MgO/(MgO+FeO) molar ratio in
amphibole in the core of large clinopyroxene phenocryst
(Fig. 10) is much lower (c. 0.55), then in core of clinopy-

roxene (c. 0.8) and also lower than in clinoyproxene rim
(c. 0.66). The amphibole phenocryst accreted to the cli-
nopyroxene in Fig. 10 (top right — with reaction rim) is
even poorer in MgO. The petrogenetic significance of the
amphibole inclusion within clinopyroxene is not clarified
yet.

Chemical composition of cores of the clinopyroxene
phenocrysts from DH796 tephriphonolite is similar to
composition of clinopyroxenes from basaltic rocks (Figs
5 and 6). Their averaged composition (n = 3) corresponds
to the empirical formula:

(I\Iaoxmcao.%l:e2+ )(Fez(:o7Mg0A76TivosF630+Ao9A1

0.03

YA S, )0,

0.02 1.81

In contrast to composition of cores of phenocryst, the
phenocryst rims and clinopyroxene microcrysts in matrix
are of a more evolved composition (Figs 5, 10 and 12).
Calculated crystal chemical formulas were averaged (n = 5)
as follows:

(Na, Ca,, )(Fe?

0.20

lvlgO‘SG’I‘iO‘OSFeBJr Al

0.16" 770.03

)(A10.188i1.82)06

0.90

=

Table 2 Analyses, calculated numbers of atoms per formula unit and proportions of end-members of pyroxenes from representative basaltic

rocks. “s” — core; “z” — growth zone (mantle); “0” — rim; “d” — microcrysts in matrix. Content of oxides is in wt.%.

ko = kosmochlor; ae = aegirine; jd = jadeite; ka = kanoite; CFT = Ca — ferri-Tschermak’s molecule; CAT = Ca-Tschermak’s molecule;
CTT = Ca-Ti-Tschermak’s molecule; ess = esseneite; en = enstatite; fs = ferrosilite; wo = wollastonite. Abbreviations correspond to IMA
(Morimoto et al. 1988, Martin 1998).
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Table 3 Analyses, calculated numbers of atoms per formula unit and proportions of end-members of pyroxenes from essexite (KA-43).
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Table 4 Analyses, calculated numbers of atoms per formula unit and proportions

of end-members of pyroxenes from tephriphonolite (DH796).

Note the much higher Na/Ca and Fe*/Mg
ratios in rims, if compared with cores.
Lower contents of Ti are also significant
— especially if compared with high Ti con-
tents in rims of other types of clinopy-
roxenes (Fig. 11). Low titanium and alu-
minium contents in the rims are responsible
to the different trend declining away from
the Ts apex in the Hd+Ae — Di — Ts dia-
gram (Fig. 6), if compared with basaltic
rocks. Solubility of the CaTiALQ, in the
diopside was in this case controlled by sil-
ica content of the magma, increasing with
the differentiation. With the increasing
SiO, content, the diopside-CaTiAl O, sol-
ubility decreases (Gupta et al. 1973).

If the compositions of cores and rims
of these phenocrysts are compared, it be-
comes obvious, that crystallization of cli-
nopyroxene phenocrysts initiated from
melt of basaltic composition with crystal
chemistry similar to basaltic diopsides and
continued in differentiated melt (of teph-
riphonolitic composition), by crystalliza-
tion of clinopyroxene with higher FeO,
NaO and low TiO, contents (Figs 10, 11
and 12). Crystallization and differentiation
history of DH796 tephriphonolite is thus
well recorded in clinopyroxene phenoc-
rysts.

The content of sodium, which differ from
pyroxenes in basaltic rocks, influenced the
classification of pyroxenes crystallized from

rock smpl. DH796
measur. 796-1A |796-2A |796-3A |796-3B |796-4A |796-5A |796-6A |796-6B
min. zone d d S 0 S d S 0
Sio, 44.82 | 48.68 | 49.83 | 49.70 | 49.09 | 47.18 | 47.47 | 49.52
TiO, 446 | 097 | 1.87 | 097 | 199 | 130 | 245 | 0.82
ALO, 695 | 4.00 | 4.12 | 4.18 | 4.62| 509 | 536 | 3.11
FeO 11.61 | 11.15 | 532 | 11.48 | 6.50 | 13.24 | 6.63 | 10.30
MgO 9.07 | 10.22 | 14.02 | 10.49 | 14.05 | 8.87 | 13.00 | 11.27
CaO 21.64 | 22.55 | 23.96 | 22.50 | 23.39 | 21.81 | 23.13 | 22.33
Na,O 149 | 1.13| 060 | 136 | 040 | 1.53 | 0.64| 1.28
total 100.03 | 98.70 | 99.71 100.69 [100.03 | 99.01 | 98.67 | 98.63
Numbers of atoms per formula unit (X=4)
T Si 1.697 | 1.854 | 1.841 | 1.852 | 1.814 | 1.801 | 1.782 | 1.875
Al 0.303 | 0.146 | 0.159 | 0.148 | 0.186 | 0.199 | 0.218 | 0.125
Al 0.007 | 0.033 | 0.021 | 0.036 | 0.016 | 0.030 | 0.019 | 0.014
Fe** 0.152 | 0.141 | 0.077 | 0.156 | 0.088 | 0.207 | 0.107 | 0.158
M1 | Ti 0.127 | 0.028 | 0.052 | 0.027 | 0.055 | 0.037 | 0.069 | 0.023
Mg 0.512 | 0.580 | 0.772 | 0.583 | 0.774 | 0.505 | 0.727 | 0.637
Fe?* 0.203 | 0.214 | 0.078 | 0.198 | 0.067 | 0.216 | 0.078 | 0.168
Fe?* 0.013 | 0.000 | 0.009 | 0.003 | 0.046 | 0.000 | 0.024 | 0.000
M2 | Ca 0.878 | 0.920 | 0.948 | 0.898 | 0.926 | 0.892 | 0.930 | 0.906
Na 0.109 | 0.083 | 0.043 | 0.098 | 0.028 | 0.113 | 0.046 | 0.094
End-members (X=100%)
ae 1091 | 835 | 427 | 984 | 2.83 | 11.31 | 4.62| 9.39
CAT 0.67 | 331 | 205 | 3.56| 1.57 | 3.02| 193 1.42
CTT 12.68 | 279 | 5.19 | 273 | 553 | 3.74 | 690 | 2.32
ess 428 | 574 | 346 | 579 | 595 | 936| 6.06 | 6.40
en 25.59 | 29.02 | 38.61 | 29.14 | 38.70 | 25.24 | 36.36 | 31.83
fs 10.79 | 10.71 | 4.35 | 10.07 | 5.65 | 10.80 | 5.06 | 8.41
wo 35.07 | 40.09 | 42.07 | 38.87 | 39.78 | 36.54 | 39.06 | 40.22
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Fig. 10 Microprobe traverse trough the cpx phenocrysts 6 in the sample DH796 (tephriphonolite of the Hefmanov dike). Scale bar (1 mm) is in

the left bottom corner.
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nopyroxenes from tephripho-
nolite DH796.
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tephriphonolitic melt. Full name of pyroxenes in tephriph-
onolite (rims and microcrysts) is: sodian aluminian diop-
side.

Similar feature of green pyroxene mantle enclosing
brownish core was described from Euganean Hills in
northern Italy by DePieri — Molin (1980). DePieri and
Molin observed slight decrease of titanium from the
brown core to the green rim (comparable to trend ob-
served in this study), but the described trends of other
elements are incomparable (e.g. Mg slightly increases
toward the rim). Such strong compositional shifts ob-
served in studied clinopyroxenes is unlikely to be pro-
duced only by changes in pressure (as supposed DePieri
— Molin 1980 for weak compositional shifts in trachyt-
ic clinopyroxenes), more probable is dependence on the
parental magma evolution. Moreover, green clinopyrox-
ene rims from the DHVC tephriphonolite show the same
compositions as groundmass microcrysts from phono-
lites and trachytes from Tenerife (Scott 1976). Tra-
chyandesitic clinopyroxenes from the same locality
(Scott 1976) have more primitive composition (lower
Fe* /Mg, etc.).

Conclusions

The mineralogical investigation of clinopyroxenes in vol-

canic rocks of the DHVC brought several important results:

1) The studied clinopyroxenes generally fit the field of
diopside in Wo-En-Fs diagram (Morimoto 1988). Tra-
ditional term “augite” should not be used according to
the present mineral chemistry information. Clinopy-
roxenes from individual petrographic groups are clas-
sified as follows:

a) cores of clinopyroxenes from basaltoids should be
classified as aluminian diopsides, whereas rims and
microcrysts with higher Ti correspond to titanian
aluminian (subsilicic) diopsides.

b) cores of clinopyroxenes from picrobasalts have
composition of chromian aluminian diopsides,
whereas their rims of aluminian diopside composi-
tion are similar to pyroxenes from basaltoids.

¢) compositional shift in clinopyroxenes from essex-
ite is similar to basaltoids with aluminian diopsides
in cores and titanian aluminian subsilicic diopsides
in rims.

d) composition of clinopyroxene cores from the teph-
riphonolite is similar to cores from basaltoids of
aluminian diopside composition, whereas rims of
clinopyroxenes differ in composition and should be
classified as sodian aluminian diopsides.

2) Trends in clinopyroxene zoning:

a) clinopyroxenes from basaltoids and essexite show
similar trend in decrease of Si and Mg and increase
in Fe, Ti, Al and Na towards the rim. Clinopy-
roxenes from picrobasalts show similar trend with
higher initial Si and Mg content. Clinopyroxene
rims from picrobasalts compositionally correspond
to cores of clinopyroxenes from basaltoids. Such

compositional shift correspond to differentiation of
basaltic melt.

b) cores of clinopyroxene from tephriphonolite have
the same composition as cores from basaltoids, but
their rims differ significantly in strong decrease in
Mg and increase in Fe and Na. Such distinctive
compositional shift could be explained by a sudden
change in the parental magma composition (mag-
ma mixing?).
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Variace chemického sloZeni klinopyroxenii v bazaltickych, essexitovych a tefrifonolitovych horninach
vulkanického komplexu Doupovskych hor, severozapadni Cechy

Studovany byly variace v chemickém slozeni klinopyroxent vulkanickych hornin (1avy a mélce intruzivni télesa) Doupovskych hor. Vysoké obsahy Ca
(vétsinou nad 90% M2 pozice) a Mg fadi studované pyroxeny k diopsidim. S ohledem na obsahy Al a Ti, je ve vétsiné€ pripadii doporuceno pouziti
nazvu titanicito hlinity diopsid. Pivodni a tradi¢né uzivané oznaceni augit jiz neni mozné, s ohledem na analyticka data a klasifikaci pyroxent, pouzivat.

Béhem krystalizace bazaltickych hornin se slozeni pyroxent posouvalo k zelezem bohatSimu diopsidu v okrajich vyrostlic a v mikrokrystalech zakladni
hmoty. Obsahy Al, Ti a Fe vzristaji smérem od jadra k okrajim vyrostlic, zatimco obsahy Si a Mg klesaji. Stejné posuny v chemizmu byly dokumentovany
v klinopyroxenech studované essexitové horniny. V zonalité klinopyoxent tefrifonolitu je zaznamenana zména chemismu krystalizujiciho magmatu.
Jadra klinopyroxenovych vyrostlic maji slozeni podobné klinopyroxentim z bazaltickych hornin, zatimco okraje tvofené sodno hlinitym diopsidem se

vyrazné odlisuji vy$§imi poméry Fe/Mg a Na/Ca a nizkym obsahem Ti.



