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Upper-mantle xenoliths in melilitic rocks
of the Ose¢na Complex, North Bohemia

Svrchnopldstfové xenolity v melilitickych hornindch

osec¢enského komplexu v severnich Cechsich (Czech summary)

(9 text-figs, 7 tabs)
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The melilitic Ose&nd Complex (79-49 Ma), located at the intersection of the Ohfe Rift with the LuZice Fault in N Bohemia, originated
from an upper mantle source. Associated diatremes (and maars?) filled with pelletal lapilli-ash tuff of olivine melilitite composition pre-
date the formation of the Ose¢nd Complex (olivine melilitolite — polzenite — melilite-bearing olivine nephelinite). Xenoliths of upper-
mantle origin occur in both the massive rocks and pelletal lapilli-ash tuff of diatreme filling. Dunite to harzburgite in melilite-bearing
olivine nephelinites represent depleted mantle. Glimmerite to mica clinopyroxenite in polzenites are possibly representatives of metaso-
matised upper mantle products. Garnet serpentinite, eclogite?, norite and ferro-dunite xenoliths are entrained from the local crystalline
basement and occur in the diatreme filling only. They come from rocks of primary upper-mantle origin. The upper-mantle-xenolith suite
indicates the presence of both depleted and enriched (metasomatised) upper mantle beneath the northern part of the Bohemian Massif. The
associated ultramafic xenoliths of upper-mantle-derived rocks that intrude the local crystalline basement are indicative for lithospheric

plate boundary.
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Introduction

The young intraplate volcanism (Upper Cretaceous to
Quaternary) of the Bohemian Massif (BM) forms an in-
tegral part of the Central European Volcanic Province
(CEVP). The origin and distribution of the volcanism are
controlled by the WSW-ENE-striking Ohte (Eger) Rift
(OR) and the WNW-ESE-striking Labe (Elbe) Tectono-
Volcanic Zone (LTVZ) as defined by Kopecky (1978).
On the basis of radiometric dating (all data presented in
this publication based on K/Ar method), Ulrych — Pivec
(1997) and Ulrych et al. (1999) recognised two continen-
tal intraplate magmatic series in the BM:

1 — pre-rift series formed by unimodal ultramafic ul-
tra-alkaline (melilitic/nephelinitic) volcanism represent-
ing a precursor of continental rifting and located exclu-
sively in external wing blocks of the OR in N Bohemia
and N Saxony (7949 Ma, Ulrych — Pivec 1997 and Pfe-
iffer 1990), E Bohemia (69 Ma, Ulrych et al. 1996) and
W Bohemia and Saxony in the Kruiné hory Mts. — Erzge-
birge (52 Ma, Pfeiffer et al. 1990).

2 - rift-related series of alkaline volcanism

2a — coexisting bimodal basanite — trachyte and oliv-
ine poor nephelinite — phonolite together with indepen-
dent unimodal olivine nephelinite — tephrite/basanite se-
ries of the main volcanic episode (42—-16 Ma) dominating
in internal blocks of the rift, but also found in wing
blocks,

2b — unimodal picrobasalt — tephrite/basanite (often
strongly analcimised) in N Bohemia and coexisting bi-
modal strongly alkaline (basanite/tephrite — phonolite?)
and weakly alkaline (trachybasalt/trachyandesite — tra-

chyte/rhyolite) series of the late volcanic episode (13-
4 Ma) present inside and outside the rift, respectively,

2c — unimodal olivine melilitite — olivine nephelinite
series (2.07-0.26 Ma) at the intersection of the OR with
the Cheb-Domazlice Graben (NNW-SSE) near the west-
ern limitation of the Cheb Basin.

In accordance with the concept of Le Bas (1987), the
characteristics of the pre-rift and rift-related series of
young volcanism in the BM commonly require a strict
discrimination between ultra-alkaline and alkaline volca-
nism. Ultra-alkaline volcanism, represented by olivine
nephelinites and olivine melilitites, ijolites and carbon-
atites, appears to be associated with active domal uplift
and not controlled by the extension and rifting in either
space or time. Its products hence often lie outside the rift
valleys (cf. Gregory Rift of East Africa) and pre-date the
formation of rifts by several millions years, or they are
located even in regions where no rifting is present (e. g.,
Cape Verde Islands Volcanic Province). Examples of the
former type of volcanism are known from the Massif
Central and the Rhine Graben in the Western and Cen-
tral European Volcanic Provinces. The rare ultra-alkaline
volcanism, e. g., in the Eifel Mts. (Lippolt 1983) is of
Late Cretaceous age (110-105 Ma), however, the prevail-
ing alkaline volcanism is Oligocene to Miocene in age.

Even though mantle xenoliths (dunite — harzburgite —
lherzolite) are abundant in young volcanics of the BM
(more than 100 known occurrences), they have not been
studied systematically. Accounts of xenoliths were pub-
lished by Fiala — Shrbeny (1968) and by Fryda — Vokur-
ka (1995) from the Ceské stfedohofi Mts. (CS) and by
Fediuk — Fediukova (1989) from N Moravia. Lherzolites
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from the Kozédkov volcano, N Bohemia have been stud-
ied by Fediuk (1971), Vokurka — Povondra (1983) and
Medaris et al. (1997, 1999). The most detailed recent re-
ports of lherzolite xenoliths in nepheline basanitic lavas
(64 Ma) from the Kozdkov volcano documented two
textural types of xenoliths: (i) medium-grained equigran-
ular and (ii) coarse-grained protogranular, crystallised at
a wide range of temperatures (680—1100 °C) and pres-
sures (1.2-2.5 Gpa), which implies their extraction from
a wide range of depths (Medaris et al. 1999).

Differences in the upper mantle composition beneath
the BM can be suggested from scarce geochemical data
for the BM upper mantle xenoliths. These correspond to
the enrichment and impoverishment of lherzolite in in-
compatible elements quoted by Wedepohl (1987) and
Wedepohl et al. (1994) from the Hessian Depression,
Germany. The upper mantle beneath the CEVP reveals
signs of (i) lateral heterogeneity (cf. Babuska — Plomer-
ova 1988) and (ii) metasomatic influence (Lloyd 1987,
Wilson — Downes 1991, Wedepohl et al. 1994, Wilson
et al. 1995). In the BM, clinopyroxenite forms rare lay-
ers in lherzolite xenoliths and rare independent nodules
in lava of the Kozdkov volcano (Medaris et al. 1997) and
Dobkovicky flow, CS (Mihaljevi¢ 1993).

Based on textural and geochemical evidence, Lloyd —
Bailey (1975) postulated a metasomatic transition between
spinel lherzolite and alkali clinopyroxenite (clinopyrox-
ene + titaniferous phlogopite + titanomagnetite, apatite,
titanite and rare corroded olivine) for the xenolith suites
from the rift-valley volcanics of the West Eifel, Germany

and southwestern Uganda. Alkali clinopyroxenite xeno-
liths have not been described from young volcanic rocks
of the BM yet. It has been suggested that metasomatism
is either a necessary precursor to magmatism (Lloyd —
Bailey 1975, Wass — Rogers 1980) or a consequence of
alkali-basaltic magmatism (Wilshire et al. 1980, Menzies
et al. 1985). The likely connection between the origin of
alkali-clinopyroxenite xenoliths and intrusive alkali com-
plexes was emphasised by Upton (1967), Lloyd — Bailey
(1975), (1994), and Erickson et al. (1985). These authors
considered all of them manifestations of the same igne-
ous processes. Compared with the original lherzolite man-
tle, alkali-pyroxenite xenoliths indicate enrichment in in-
compatible and large-ion-lithophile elements, and the host
lavas are thought to be indicative of the rheomorphic
metasomatised mantle (Lloyd — Bailey 1975).

Lower crustal xenoliths are also poorly known in the
BM. Anorthosite, granulite and charnockite xenoliths
from basanite-diatreme breccias in the CS (Opletal — Vr4-
na 1989) and basanitic lavas of the Kozdkov volcano
(Z4hrubsky 1998) are supposed to be the evidence of hid-
den deep-crustal complexes beneath N Bohemia. Based
on geochemical characteristics, Kramer (1988) proposed
an affinity of gabbroic xenoliths in Cenozoic volcanics
of the Labe (Elbe) Valley Zone in Saxony to the older
(Variscan?) mid-ocean ridge gabbros. However, gabbro
xenoliths with similar geochemical signatures (Bofecky
1986, Mihaljevi¢ 1993) are of the same Tertiary age as
their host basanite lava from the CS and could represent
cumulates (Ulrych et al. in press).
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Fig. 1. Geological sketch of the north Bohemian Region with special reference to the presence of the pre-rift volcanic series of the Upper
Cretaceous age (Ose&nd Complex) and riftogenic volcanic series of the Cenozoic age. Sampled localities: 1 — Oseénd, borehole; 2 — Krkavef
nédvr§f Hill near Zdislava, borehole; 3 — Small Devil's Wall near Cesky Dub, abandoned quarry; 4 — Kalvérie Hill near Hamr na Jezefe, bore-
hole; 5 — KiZany, borehole; 6 — Na vinici near StrdZ pod Ralskem, borehole; 7 — three maar structures near Zakupy (not sampled).
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Ulrych (1986) and Mihaljevi¢ (1993) interpreted horn-
blendite (diopside + kaersutite + olivine, phlogopite)
nodules in felsic (trachyte, sodalite syenite), lamprophy-
ric (camptonite, gauteite) and mafic (basanitic) rocks of
the CS, Doupovské hory Mts. composite volcano and
‘W Bohemia as cumulates.

Geological setting of the Oseénd Complex

Late Cretaceous to Tertiary volcanism of the northeastern
part of the OR in N Bohemia (Fig. 1) is a type area for
both of the two intraplate volcanic series (Ulrych — Pivec,
1997, Pivec et al. 1998) of the BM (see Introduction).
However, the most typical representative of the pre-rift
series volcanic activity is the Ose¢nd Complex (OC), rec-
ognised by Pivec et al. (1986, 1998) and Ulrych et al.
(1988). The OC (see Fig. 1, No. 1), with features of ring
arrangement, consists of a central sill (lopolith-like intru-
sion) with an apparent thickness of 20-60 m, occupying
an area of 12.5 km?, and a system of conesheets and dykes
(10 cm to 5 m thick). Its subsurface central olivine-melil-
itolite intrusion (79 Ma) contains metasomatic derivatives
such as phlogopitites (70 Ma), pegmatoids (73 Ma) and
ijolites as veins and small lensoid bodies. The olivine-me-
lilitolite mineral assemlage (olivine + melilite + nepheline
+ carbonate, /Zr,Ti/-bearing andradite, Mn-bearing il-
menite) exhibits a paragenetic relationship to carbonated
ultra-alkaline ultramafic complexes (Flohr — Ross 1989).
The associated dyke systems are developed as a marginal
facies of the central body with numerous flat cone-sheets
(35°) of polzenite composition (77 to 62 Ma) and a more
steeply inclined cone-sheet system (60—75°) showing typ-
ical clinopyroxene-polzenite composition. Subvertical dip
angles (90-80°) are characteristic for dykes of the
NNE-SSW-striking Devil’s Wall system (51-49 Ma). The
Devil’s Wall magmatism (Fig. 1, No. 3) comprises rocks
ranging from olivine nephelinite to prevailing melilite-
bearing olivine nephelinite to rare olivine melilitite. Their
genetic association with the central olivine melilitite in-
trusion and associated conesheet system is questionable.
Intrusions of the Devil’s Wall system concluded the pre-
rift history of.young volcanism of the BM.

The older generation of diatremes of the OC filled
with pelletal lapilli-ash tuff (the so-called intrusive brec-
cia) of olivine-melilitite composition is associated with
regional faults, such as the LuZice (Lusatian) and StrdZ
faults. The absence of xenoliths of melilitic rocks of the
OC in older diatreme fillings and their penetration by
a polzenite dyke (77 Ma) indicate their formation prior
to the OC formation. Dykes of tephrite/basanite compo-
sition, locally connected with younger generation of di-
atremes (filled with intrusive breccia of non-melilitic
basaltic rock), pertain to the rift series (34 Ma). The
youngest intrusions of picrobasalt (9 Ma) and flows of
nepheline basanites (6.6—4.0 Ma) represent the young-
est volcanics in N Bohemia; they also are associated with
the above-mentioned regional faults.

Diatremes of this older system were first described from
Kfizany (850 by 210-240 m, Fig. 1, No. 5) by RutSek
(1973) and from Kalvdrie Hill in Hamr na Jezefe (Fig. 1,
No. 4 and Fig. 2) and Lesni Domky (500 by 50-250 m,
Fig. 1, No. 8) near Ose&n4 by Ulrych et al. (1988). The
diatremes filled with pelletal lapilli-ash tuff of olivine
melilitite composition (Fig. 3) containing mantle xenoliths
are related to the StrdZ Fault, which belongs to the Lito-
méfice Fault system that limits the OR to the SE and uti-
lises the boundary between the Tepld~Barrandian and
Saxothuringian terranes. The StrdZ Fault forms the SE limit
of the northeastern part of the OR near the intersection
with the LuZice Fault. The diatremes occur exclusively
outside the OR in external wing blocks, whereas maars (?)
with upper crustal xenoliths, such as at localities Na vini-
ci (750 by 70-100 m, Fig. 1, No. 6) or Zékupy (one larg-
er, 1200 by 800 m in size and two smaller 500 m in di-
ameter, Fig. 1, No. 7) are characteristic for internal blocks
of the OR (Ulrych et al. 1988). Both volcanic forms are
most probably manifestations of the same volcanic activ-
ity, now located in two blocks eroded to different levels
due to the ~600 m vertical displacement magnitude along
the StrdZz Fault. Maars (?) with chaotic volcanic breccia
containing exclusively crustal xenoliths are comparable
with those known from the SE margin of the CS (Brus —
Hurnik 1984, Kopecky 1987-1988, Krutsky 1994), Kru¥-
né hory Mts. (Malések et al. 1980, Suhr — Goth 1996) or
Lusatian region (Suhr 1999).

Other volcanic centres with subvolcanic melilitic rocks
and upper mantle xenoliths in the northern part of the BM
are Krkav&{ ndvrsf Hill (Fig. 1, No. 2) at the foot of Je§téd
Hill, in the Zeughausgangzug near Hinterhermsdorf in
Saxony and Bad Oybin area in Lusatia.

Analytical procedures

Representative rock samples come from cores drilled by
the Czechoslovak Uranium Industry at four localities in
the neighbourhood of Mimoii in N Bohemia (Fig. 1). Very
rare samples of mantle xenoliths from both massive rocks
and pelletal lapilli-ash tuffs of diatreme fillings were col-
lected during drilling activity in the period of 1970-1990.

Major-element contents were determined using wet-
analysis techniques in the Analytical Laboratory of the
Department of Mineralogy, Geochemistry and Crystal-
lography, Faculty of Science, Charles University, Prague.

The rock-forming minerals were studied in transmit-
ted light in thin sections, in reflected light in polished
sections and by electron microprobe JXA—-50A with
EDX spectrometer (EDAX PV 9400), using common
rock-forming mineral (olivine, kaersutite, diopside,
nepheline, magnetite, ilmenite) standards and the ZAF
correction method. Instrumental conditions included an ac-
celerating voltage of 20 kV, beam current of 1.5 107 A,
beam diameter of 2—-3 pum and a counting time of 120 s
per element (analyst A. Langrové, Institute of Geolo-
gy, AS CR).
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zoned garnet + omphacite + spinel, anthophyllite (secondary);
garnet—clinopyroxene pairs equilibration: 1150-1210 °C (Mori—

Green 1978) and 1320-1400 °C (Mysen-Heier 1972)
labradorite An,, ., (63 vol. %) + orthopyroxene (27) * olivine (7),

kaersutite, clinopyroxene, phlogopite, pleonaste, olivine?, xe-
spinel (2), apatite (1)

lapilli/xenoliths (up to 5 cm): aleurolites > sandstones > phyllites
nocrysts — almandine, fluorite

altered olivine (microphenocrysts) + melilite + spinels, apatite,

carbonates and clay minerals
clay minerals and carbonates

for characteristics see diatreme filling No. 109, Kalvérie Hill at Hamr, and RutSek| > marbles >> gabbroids; xenocrysts/crystal lapilli (up to 1--2 cm)

logite Subgroup III. B or C ? High-temperature category (above 900 °C) of Miya-
shiro (1990) occurring as inclusions in basaltic rocks (granulite facies, deeper parts

of continental crust) or forming eclogite layers in garnet serpentinite?
surrounding Upper Cretaceous sediments and underlying crystalline rocks (up to

green-grey totally altered chaotic volcanic breccia with prevailing fragments of
10 cm in size); presence of upper mantle xenoliths not documented yet

massive, partly disaggregated fine (No. 103) to medium-grained (No. 103A); ec-
massive, hypautomorphic, coarse-grained (0.4—1.7 mm), gabbroic texture

massive, microporphyritic with fine-grained hemicrystalline matrix

for characteristics see garnet serpentinite No. 102, Krkavéf navrf Hill

(1973)

111
103
and

103A
110
101
6

X-altered garnet serpentinite, rounded
(4x3x3)

HR-altered basaltic breccia, maar ?,
Na vinici at StrdZ pod Ralskem

HR-altered pelletal lapilli-ash tuff, di-

X-altered and partly disaggregated eclo-
atreme north of K¥izany

composition (5x4x4) surrounding grani-
gite—griquaite (5x4x3)

HR-altered lapilli of olivine melilitite
tic xenolith (about 1 cm)

for details see Rutiek (1973)

for details see Rutiek (1973)

X-olivine norite angular

Petrological characteristics of the xenoliths

Brief petrographic (classification after Le Maitre ed.
1989) and mineral characteristics of the xenoliths and
their host rocks are presented in Table 1. For chemical
composition of xenoliths and their host rocks see Table 2.
Detailed petrological characteristics including modal
and chemical compositions of host rocks of the xenoliths
from the OC and their rock-forming minerals were pub-
lished by Ulrych et al. (1988, 1991) and Pivec et al.
(1998); the first descriptions of xenoliths from the
KfiZany diatreme were presented by RutSek (1973).

Rock-forming minerals of the xenoliths
Olivine

Chemical compositions of olivines are given in Table 3.
The Mg/(Mg + Fe) ratios of olivines from the xenoliths
and host rocks are shown in Fig. 4.

Homogeneous olivine Fo, ., (Table 3, No. 99) from
the black ferro-dunite xenolith from olivine melilitolite
(No. 46) is interpreted as being generally derived from
differentiated plutonites (Brown Jr. 1980) or stratiform
intrusions (Ilvitskii — Kolbantsev 1968). High contents
of Ni and low contents of Ca are the main characteristic
of this olivine.

Olivine forming a quasi-monomineral layer (No. 104)
in the olivine melilitolite of the OC ranges to a slightly
lower Fo content (Foy, ) than the olivine (Fog, ,) of the
host rock (No. 46). Concentric compositional zoning of
olivines from the sample is perceptible in different con-
tents of Ni and Ca and parallels the zoning of olivines
from olivine melilitolites (cf. Ulrych et al. 1991).

Olivine Fo, is characteristic of the dunite-harzburg-
ite nodule (No. 23A) in melilite-bearing olivine nephe-
linite (No. 23) which has olivine of Fo,, .. composition.

Pyroxene

Chemical compositions of pyroxenes are listed in Table 4
and plotted in the classification diagram of Morimoto ed.
(1988), Fig. 5.

Homogeneous clinopyroxene in the xenolith of garnet
clinopyroxenite (Table 4, No. 119) is sodian hedenberg-
ite impoverished in Al and Ti and enriched in Fe and Na.
Clinopyroxene from glimmerite to phlogopite clinopyrox-
enite (No. 100) is of sodian-augite up to sodian- heden-
bergite composition, with the same trends of crystal
chemistry as in the garnet clinopyroxenite (No. 119).

Typical clinopyroxene in the xenolith of layered-man-
tle clinopyroxenite (Group I) from a basanite flow in the
CS (Mihaljevi¢ 1993) is also a sodian diopside but more
Mg-rich and with significant jadeite and Cr content (cf.
Table 4, analysis No. DL-1c and 1r).

Clinopyroxene of eclogite (No. 103) is typical om-
phacite with high Jd and low Ae component contents, and
Jd/Ca-tsch > 0.5.
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Fig. 2. Geological sketch (A) and profile (B) of the Kalvdrie Hill diatreme near Hamr na Jezefe based on Pazdirek’s (1992) data and new drill-
ing results.
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Table 2. Chemical analyses of the xenoliths and average composition of their host rocks

No. |104A | 99 100 | 102 | 110 | 103 |DL-1 |DL4 | OM | PEG o PHL | MM | POL | MON| 109 111

n 1 1 1 1 2 1 1 1 9 4 1 5 17 9 8 2 2

Si0, |33.11 [38.37 [41.11 |55.03 | 56.80 [ 48.01 | 49.54| 45.1033.15 | 31.27)39.86 | 33.71 | 31.51) 33.86| 37.88| 29.62| 32.53
TiO, | 2.57 | 027 | 454 | 0.04 | 0.05| 046 0.60| 1.72| 246| 260 2.03| 2.83} 225 239 271 0.24] LI3
ALO,| 6.85| 1.88 |10.66 | 0.93 | 0.98 [15.23 [ 16.43| 16.83( 8.05( 11.18|11.70( 7.98| 7.80 7.76( 9.38| 3.03| 4.69
Cr,0,| 007 | 0.09| 0.11 | 040 | 044 0.10| 0.06/ 0.05| 0.01| 0.01| 001| 007| 0.02| 0.15; 0.19| 0.11} 0.13
Fe,0,| 820 | 3.21| 2.17| 3.02| 293| 1.89| 566 530( 6.03] 6.45| 4.60( 6.82| 564 543| 5.79| 6.07| 4.17
FeO 9.45 |11.30 | 507 | 0.85| 1.78 | 547 281| 6.21| 515 3.32] 247| 3.64| 5.53| 591| 6.25| 3.32| 347
MnO | 031 0.22| 0.07| 0.13| 0.14| 0.13{ 0.12( 0.17| 020| 0.17] 0.09| 0.20]| 0.19| 0.19| 0.19[ 023 0.17
MgO |(24.37 |38.60 | 17.18 [ 10.38 | 12.38 | 9.07 | 6.71| 7.63|14.66 | 8.26| 5.56 | 13.41| 16.41| 16.29 | 14.35[ 15.04 | 16.28
CaO | 5.72 | 1.69 | 8.03 [11.72 | 8.38 [11.61 | 11.71| 11.38| 18.10 | 23.07( 14.63 [ 17.05 | 18.59| 15.58 | 14.01| 18.47 | 12.84
NaO | 031 | 0.17| 0.73 | 0.14 | 0.08 | 2.02| 3.18| 2.62| 249 | 2.19( 7.49| 122 2.16| 1.87| 3.11] 0.15( 0.10
K,0 1.87 | 041 | 570 030 0.12 | 0.72| 0.54| 045| 2.17| 1.87| 1.28| 3.06| 1.55| 1.98 1.45| 0.14| 0.42
PO, | 046 | 0.14| 020| 0.10| 0.03| 0.18 020} 0.22| 138 340 0.79| 115 131 0.94| 0.95] 0.15| 0.65
HO* | 588 | 328 | 3.32| 349 | 4.65| 1.70| 2.95| 2.82| 3.96| 4.84| 4.31| 3.72| 3.77| 3.55 1.62| 545} 5.56

HO | 025 014} 0.18 | 3.61 | 3.95| 1.27 - - 031 | 0.26| 060| 1.06| 0.63| 0.92| 0.72| 2.88| 8.08
Cco, 0.18 | 0.12] 046 923 | 6.81 | 1.81 - 0.17( 1.11| 0.94| 4.02( 3.17( 2.30( 193] 2.13|14.10 8.65
F2 0.13 | 0.04 | 0.11 | 0.04 | 0.02| 0.05 - - 0.17| 0.31] 0.12}| 0.23| 0.15| 0.19{ 0.14] 0.03] 0.09
S - - - - 0.14| - - - 0.16] 0.15} - 045! 0.19] 0.19] 0.06] 0.02]| 0.04
z 99.73 (99.93 [ 99.64 |99.41 | 99.68 | 99.72 |100.51|100.67| 99.56 |{100.29( 99.56 | 99.77 | 100.00| 99.13 | 100.93| 99.05 | 99.00
O=2F | -0.05 |-0.02 | -0.05 |-0.02 | -0.01 | -0.02 - - |-0.07{ -0.13{-0.05] -0.10| -0.06| -0.08 | -0.06( -0.01 | -0.04
0=2§8| - - - — -0.04 | 0.00 — - |-0.04| -0.04{ 0.00] -0.11 | -0.05] -0.05| -0.01| -0.01 | -0.01

pX 99.68 |99.91 |99.59 | 99.39 | 99.64 | 99.70 [100.51|100.67}99.45 [100.12| 99.51 | 99.56 | 99.89| 99.00 | 100.86] 99.03 | 98.95

X - xenolith; 104A — dunite layer, Ose¢nd; 99 — ferro-dunite X, Ose¢nd; 100 — glimmerite to phlogopite clinopyroxenite X, Zdislava;
102 — garnet serpentinite X, Zdislava; 110 — garnet serpentinite X, Kalvirie Hill;

103 - eclogite X, Kalvérie Hill. DL-1 and DL-4 orthopyroxene gabbro X, Doldnky quarry, Ceské stfedohoff Mts. (Mihaljevié 1993).

Osend Complex: OM — olivine melilitolite, PEG — pegmatite in olivine melilitolite, IJ — ijolite in olivine melilitolite, PHL - phlogopitite
in olivine melilitolite MM — micromelilitolite, POL — polzenite,

MON - melilite-bearing olivine nephelinite, 109 — diatreme breccia/pelletal lapilly tuff of olivine melilitite composition, 111 — peletal lapilli
of olivine melilitite composition

Orthopyroxene in the harzburgite (No. 23A) from  Amphiboles
melilite-bearing olivine nephelinite (No. 23) is enstatite
En,, with 0.4 wt. % Cr,0, and is compatible with mantle = Ferroedenitic common hornblende poor in Ti is charac-
derivation. teristic of garnet clinopyroxenite (Table 4, No. 119) form-

Fig. 3. Olivine melilitite pelletal lapilli-ash tuff of the Kalvérie Hill diatreme near Hamr na Jezefe (borehole No. 003 071, depth 119.88 m, see
Fig. 2). Angular (light) xenoliths in lower part of photo is formed by Cretaceous marlstone; large lapillus is formed by coarse-grained granite
(central part) with jacket (black) of olivine melilitite; pelletal lapilli (black) of olivine melilitite composition are dispersed in the fine-grained
ashy groundmass.
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Table 3. Chemical analyses of olivines and number of ions p. f. u.

No. 99c  99r 46c  46r  104c 104r 23A 23

Si0, | 39.73 40.32 40.41 40.15 4037 40.56 40.69 39.98
FeO, | 14.78 1521 10.11 9.60 10.87 10.19 9.27 11.86
MnO | 0.18 0.16 0.17 014 0.14 024 0.12 0.18
NiO 030 034 0.13 0.03 022 0.09 039 0.12
MgO | 45.19 43.40 49.13 49.22 4794 47.80 49.83 47.09
CaO 0.04 0.03 0.10 0.17 0.10 0.51 0.08 0.22

Total (100.22 99.46 100.05 99.31 99.64 99.39 100.38 99.45

Si 1.991 1.989 1.985 1.982 1.997 2.006 1.986 1.992
Fe 0.619 0.656 0.415 0.396 0.450 0.421 0.378 0.494
Mn 0.008 0.007 0.007 0.006 0.006 0.010 0.005 0.008
Ni 0.012 0.0i4 0.005 0.001 0.009 0.004 0.015 0.005
Mg 3.376 3.344 3.597 3.623 3.535 3.524 3.625 3.498
Ca 0.002 0.002 0.005 0.009 0.005 0.027 0.004 0.012
(0] 8 8 8 8 8 8 8 8
Fo 84.51 83.60 89.66 90.15 88.71 89.33 90.56 87.63

c —core, r — rim

ing rims and overgrowths on sodian hedenbergite, and
rarely independent columns. Both minerals probably rep-
resent products of metasomatism mantle material (xeno-
lith Group II), cf. Wass — Rogers (1980) or Lloyd (1987).
Compositionally zoned anthophyllite in eclogite (No. 103)
belongs to retrogression products (kelyphite rims and
pseudomorphs after garnet).

Garnet

Optically and compositionally homogeneous almandine
(Alm,, , Grs ( , Uvr ) with very low Pyr contents is
characteristic of garnet clinopyroxenite (Table 5,
No. 119). This garnet plots in field I. A (low-tempera-
ture eclogite, Sifnos and Franciscan blueshists-facies; see
Fig. 7) of Miyashiro’s (1990) Ca—Fe?*-Mg discrimina-
tion diagram. Homogeneous pyrope garnet (Pyr,, . Alm
Grs,, |, Uvr,)) occurs in fine-grained eclogite (No. 103).
Compositionally zoned pyrope (Pyr,, ., Alm,,  Gros, ,
Uvr,) grains, up to 2 mm in diameter, are present in me-
dium-grained eclogite (No. 103 A) from the same local-
ity. Garnet (Fig. 6) of the eclogite (Nos. 103 and 103A)
plots in the field of high-temperature eclogites: (i) Sub-
group IIL. B (inclusions in basaltic rocks) or (ii) Subgroup
III. C (eclogite layers in peridotite rocks). In a similar
diagram by Smulikowsky (1972) they plot in the gri-
quaite field. Pyrope garnet (Pyr,, .. Alm,_. Grs,  Uvr,)
is characteristic of garnet serpentinites (No. 110) from
crystalline basement. Their chemical compositions cor-
respond to pyrope from garnet serpentinite in the crys-
talline basement beneath the CS (Fiala 1965).

Micas

Chemical compositions of micas are shown in Table 6.
Micas from the xenoliths and host rocks plotted in 100
Fe/Fe + Mg vs. Al"diagram are presented in Fig. 7.
Titanian magnesio-biotite forms the glimmerite — mica
garnet clinopyroxenite xenolith (Table 6, No. 100). The
magnesio-biotite (Table 6, No. 100) substantially differs
from Ti-poor phlogopite II in olivine melilitolite of the OC

10
St No.99
0 1 1 |
T
— No.46
0 1 [ 1
>-
O
pd
% - No.104 A
c
L0
o
(W
0 I 1
]
~ No.23A
0 1 ] —I 1
B No.23
0 1 l— 1 1
80 g0
Mg/{Mg+Fe)

Fig. 4. Mg/(Mg + Fe) ratio of olivine from xenoliths and their host
rocks. X — xenolith, HR - host rock. Sample Nos.: 99 — ferro-dunite X,
Ose¢nd; 46 — olivine melilitolite HR, Ose&n4; 104 A — dunite layer
in olivine melilitolite HR, Oseénd; 23 A — dunite to harzburgite X,
Small Devil’s Wall; 23 — melilite-bearing olivine nephelinite HR,
Small Devil’s Wall.

(cf. Table 6, No. 33). Phlogopite II formed metasomatically
during the late stage of olivine-melilitolite crystallisation
at the expense of phlogopite I, melilite and clinopyroxene
(7 of primary crystallisation (cf. Ulrych et al. 1991). Fo-
liated medium- to coarse-grained metasomatic garnet phl-
ogopitites (phlogopite + garnet + olivine, melilite, wollas-
tonite, perovskite, apatite, spinels) represent the final
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Table 4. Chemical analyses of pyroxenes and amphiboles and number of ions p. f. u.

No. 119¢c  119r 100 DL-lc DL-Ir 103 23A 119 103¢ 103r
Si0, 51.07 51.97 51.02 50.64 50.61 5595 55.11 42.19 55.01 55.13
TiO, 0.08 0.10 033 024 035 031 0.04 0.05 - -
AlLO, 0.40 040 228 595 6.19 13.02 410 973 4.05 547
Cr,0, - - 005 09 107 0.11 042 - 1.02 108
FeO 17.78 18.41 1225 3.57 3.25 240 6.09 24.89 11.25 8.35
MnO 0.32 035 020 007 0.16 - 0.12 0.54 - -
MgO 7.22 6.82 11.38 15.19 14.73 8.49 3370 5.21 2436 2632
Ca0 21.03 20.76 2031 2176 21.88 1237 0.71 11.54 211 1.52
Na,0 1.51 142 191 108 0.63 698 0.08 1.84 - -
K,0 0.01 - 0.01 001 0.03 059 207 - -

Total 99.42 100.23 99.74 99.46 98.90 100.22 100.37 98.06 97.80 97.87
Si 1.984 2.011 1910 1.846 1.865 1.966 1.890 6.639 7.605 7.500
AV 0.016 - 0.090 0.154 0.135 0.034 0.110 1361 0.395 0.500
AM 0.002 0.018 0.011 0.102 0.134 0.505 0.055 0.443 0.265 0.377
Ti 0.002 0.003 0.009 0.007 0.010 0.008 0.001 0.006 - -
Cr - - 0.001 0.027 0.031 0.003 0.011 - 0.111 0.116
Fe* 0.124 0.060 0.198 0.088 0.000 0.009 0.047 - —

Fe™ 0.454 0.535 0.185 0.021 0.101 0.061 0.128 3.275 - -
Mn 0.011 0.011 0.006 0.002 0.005 - 0.003 0.072 - -
Mg 0.418 0.393 0.635 0.776 0.809 0.445 1.722 - 4.624 4.506
Ca 0.875 0.861 0.815 0.850 0.864 0.466 0.026 1.946 0.313 0.221
Na 0.114 0.107 0.139 0.076 0.045 0476 0.005 0.452 - -
K - - - 0.000 0.001 0.026 - 0.416 - -
o} 6 6 6 6 6 6 6 23 23 23
Wo 46.28 4540 41.39 39.67 4043 29.99

En 2246 20.75 35.80 4636 44.47 30.18

Fs 2438 2823 1044 119 550 4.16

CaFeTsch 0.62 0 401 648 1.71 0.83

CaTi Tsch 0.13 0 052 037 053 0.56

CaAl Tsch - - - 140 480 0.22

Ae 6.03 467 1725 - - -

Jd 0.11 - 059 433 255 34.06

DL~1 - mantle clinopyroxenite xenolith in basanite, Dobkovitky quarry; c — core, r — rim

Wo

En

En

Fig. 5. Quad—pyroxenes from xenoliths and their host rocks plotted in a portion of the clinopyroxene quadrilateral (Morimoto ed. 1988).
X - xenolith, HR — host rock. Sample Nos.: DL-1 - clinopyroxenite X, Dobkovi¢ky (Mihaljevié 1989); 103 — eclogite X, Kalvirie Hill;
100 —~ glimmerite to phlogopite pyroxenite X, Krkave{ ndvrdi Hill; 119 — garnet clinopyroxenite X, Ose&nd. Dotted area — field of magmatic
pyroxenes, black area — field of metasomatic pyroxenes in mantle xenoliths from Uganda (Lloyd et al. 1991).

products of metasomatic trans-
formation. If compared with
magnesio-biotite of the glim-
merite xenolith, phlogopite II
is enriched in Mg, and Si and
depleted in Fe, Cr and Al. Sig-
nificant Cr-content (0.17 wt. %
Cr,0,), in magnesio-biotite
(No. 100) can be indicative of
its mantle origin. Nevertheless,
such glimmerite to mica-cli-
nopyroxenite xenoliths did not
represent the source material of
the host olivine-melilitite melt,
but were only picked up by
magma as it was rising (cf.
Lloyd et al. 1991).

Ferro-biotite present in
a garnet clinopyroxenite xeno-
lith (No. 119) is poor in Ti and
Mg. Phlogopite in ferro-dunite
inclusion (No. 99) is similar to
phlogopite II of the host oliv-
ine melilitolite (No. 46), but
with higher Ti and slightly low-
er Mg contents. Both probably
represent products of younger
phlogopitisation of the host oli-
vine melilitolite (Ulrych et al.
1988, Pivec et al. 1998).
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Table 5. Chemical analyses of garnets and number of ions p. f. u.

No. 119c 119r 103c  103r 103Ac 103Ar 110c 110r

Si0, [37.08 37.16 41.13 41.03 42.13 41.21 41.37 41.49
TiO, - - 019 024 028 - 021 0.29
ALO, {18.32 18.80 22.27 22.33 21.90 23.34 22.10 21.94
Cr,0, | 392 325 256 245 170 1.74 170 1.74
FeO, |27.26 2740 811 855 578 9.68 898 9.68
MnO 0.24 0.27 - - - - - -
MgO 0.84 0.76 15.70 15.36 22.08 16.79 20.60 19.11
CaO |11.47 12.38 10.26 10.39 539 7.89 5.01 5.68

Total |99.13 100.02 100.22 100.35 99.26 100.65 99.97 99.93

Si 5985 5.981 5.945 5.934 5.965 5906 5.885 5.949
AlY 0.015 0.019 0.055 0.066 0.035 0.094 0.115 0.051
AV 3.467 3.545 3.735 3.738 3.617 3.845 3.587 3.654
Ti - - 0.021 0.026 0.030 - 0.022 0.031
Cr 0.500 0.413 0.292 0.280 0.190 0.197 0.191 0.197
Fe* 0.190 0.184 0.049 0.052 0.034 0.058 0.053 0.058
Fe™ 3.624 3.504 0.931 0.982 0.650 1.102 1.015 1.103
Mn 0.033 0.037 - - - - - -
Mg 0.202 0.182 3.383 3.312 4.661 3.587 4.368 4.085
Ca 1.984 2.135 1.589 1.610 0.818 1.211 0.764 0.873

cations 16 16 16 16 16 16 16 16
(0] 24 24 24 24 24 24 24 24

Alm |62.03 59.81 15.78 16.64 5.87 18.68 9.35 16.62
And 490 472 125 131 088 147 142 146
Sps 0.56 0.63 - - - - - -
Pyr 346 3.11 57.31 56.09 80.08 60.79 77.17 68.70
Grs 16.22 21.14 18.24 18.84 826 14.05 7.01 824
Uvr 12.84 10.59 743 7.12 490 5.01 5.07 498

c - core, I — rim

Table 6. Chemical analyses of micas and number of ions p. f. u.

No. | 100 33 119 99  46c _ 46r
Si0, | 3707 40.15 35.74 37.76 37.01 37.17
TiO, | 561 088 110 428 3.68 2.89
ALO, | 13.50 12.85 12.82 1522 15.64 15.29
cr,o, | 017 - 007 - - -
FeO_ | 1516 587 2724 620 525 6.64
MnO | 019 003 059 004 003 003
MgO | 14.60 2481 770 20.68 2229 21.04
Ca0 | 0.10 - 018 - - -
BaO | 012 031 048 171 199 212
Na,0 | 050 012 008 018 034 037
KO | 993 1058 954 10.09 1038 9.65

Total [ 96.95 95.60 95.54 96.16 96.61 95.20

Si 5.502 5.764 5.732 5.458 5.336 5.451
Al 2362 2174 2268 2.542 2.658 2.549
FelV 0.136 - - - - -
TV - 0.062 - - 0.006 -

0.155 0.051 0.024 0.094

Al _ _
Ti 0.626 0.033 0.133 0.465 0.393 0.319
Cr 0.020 - 0.009 - - -
Fe 1.746 0.705 3.653 0.750 0.633 0.814
Mn 0.024 0.004 0.080 0.005 0.004 0.004
Mg 3.231 5.310 1.841 4.456 4.791 4.600
Ca 0.016 - 0.031 - - -
Ba 0.007 0.017 0.030 0.097 0.112 0.122
Na 0.144 0.033 0.025 0.050 0.095 0.105
K 1.880 1.938 1952 1.861 1.909 1.806

0 22 22 22 22 22 22

No 33 - phlogopitite in olivine melilitolite, Ose¢nd borehole;
c —core, r — rim

Ca

Nos.

= 119

a 103,103A

¢ 110

rim
\core

Fe Mg

Fig. 6. Garnet from the xenoliths in the discrimination diagram of
Miyashiro (1990). Xenoliths sample Nos.: 119 — garnet clinopyrox-
enite, Ose¢nd; 103 and 103 A — eclogite, Kalvérie Hill; 110 — garnet
serpentinite, Kalvérie Hill. Garnet fields: I — Sifnos and Franciscan
eclogites (Subgroup I A), II — Western Norway (Subgroup II),
III - Eclogites of Subgroup III occurring as inclusions in kimberlite,
basaltic rocks, or as layers in periditites (after Miyashiro 1990).

Eastonite Siderophytlite
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Fig. 7. Micas from xenoliths and their host rocks plotted in 100 Fe/
Fe + Mg vs. Al" diagram; all Fe as Fe . X — xenolith, HR — host rock.
Sample Nos.: 46 — olivine melilitolite HR, Ose&nd; 99 — ferro-
dunite X, Oseén4; 100 — glimmerite to phlogopite pyroxenite X,
Krkavéf ndvrdf Hill; 119 — garnet clinopyroxenite X, Oseénd.

Spinels

Spinels from the xenoliths and host rocks are presented
in Table 7 and plotted into the Johnson prism (Fig. 8).
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Table 7. Chemical analyses of spinels and number of ions p. f. u.

No. 23¢ 23m  102c¢ 110c  104c 99 100 66c 66i 66m 102r 110r 104r 46c  46r 119
Si0, 000 012 0.1 012 0.09 000 0.16 0.07 0.08 011 019 0.16 0.20 - - 0.08
TiO, 1.07 2333 0.28 0.15 1.18 1397 21.05 0.77 1.11 948 041 0.19 11.36 127 966 0.28
ALO, 15.18 2.80 22.62 19.03 40.98 5.73 4.26 47.93 53.59 13.47 25.12 20.50 9.33 40.17 8.93 0.12
Cr,0, 28.87 0.08 38.78 35.10 20.96 0.16 0.12 1591 4.22 0.37 32.22 29.82 1.12 22.12 0.95 0.00
FeO,, 38.51 68.47 20.97 26.63 17.02 66.32 67.10 16.16 20.19 53.61 22.13 28.19 66.73 14.93 68.10 93.11
MnO 019 037 021 041 0.2 160 0.18 0.12 008 0.27 027 044 081 0.05 0.11 0.11
MgO 13.61 3.29 15.62 15.73 18.62 6.73 3.89 17.08 19.37 14.23 17.11 16.64 6.30 20.00 6.39 0.00
Ca0 002 022 0.2 029 0.10 000 019 0.05 003 021 0.16 038 0.10 000 000 0.05
Total 97.45 98.68 98.71 97.46 99.07 94.51 96.95 98.09 98.67 91.75 97.61 96.32 95.95 98.54 94.14 93.75
Si 0.000 0.004 0.003 0.004 0.002 0.000 0.006 0.002 0.002 0.004 0.006 0.005 0.007 0.000 0.000 0.003
Ti 0.026 0.633 0.010 0.007 0.027 0.374 0.575 0.018 0.024 0.242 0.015 0.009 0.303 0.026 0.256 0.011
Al 0.570 0.118 0.810 0.695 1.341 0.241 0.181 1.557 1.673 0.530 0.888 0.746 0.381 1.314 0.371 0.005
Cr 0.727 0.002 0.931 0.860 0.460 0.005 0.003 0.347 0.088 0.010 0.764 0.728 0.031 0.485 0.026 0.000
Fe* 0.684 1.368 0.355 0.460 0.263 1.238 1.175 0.248 0.298 0.000 0.370 0.485 1.204 0.231 1.270 1.982
Fe* 0.342 0.684 0.178 0.230 0.132 0.737 0.844 0.124 0.149 1.496 0.185 0.243 0.728 0.115 0.738 0.996
Mn 0.005 0.011 0.005 0.011 0.003 0.048 0.005 0.003 0.002 0.008 0.007 0.012 0.024 0.001 0.003 0.004
Mg 0.647 0.184 0.711 0.736 0.774 0.357 0.216 0.703 0.766 0.715 0.770 0.778 0.329 0.827 0.336 0.002
Ca 0.001 0.008 0.004 0.010 0.003 0.000 0.007 0.001 0.001 0.008 0.005 0.013 0.004 0.000 0.000 0.002
cation 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
(¢) 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
MgALO, 28.49 591 40.49 3476 67.05 13.47 9.03 77.85 83.64 25.61 44.41 41.41 19.04 65.68 18.55 0.27
Mg, TiO, 085 625 032 024 090 1327 6.28 0.60 081 21.77 050 035 693 088 7.51 0.00
Mn,TiO, 000 0.56 000 0.00 0.00 270 027 0.00 000 037 000 0.00 1.19 0.00 0.16 0.18
Fe,TiO, 0.00 56.47 0.00 0.00 0.00 2593 5098 0.00 0.00 121 000 0.00 22.17 0.00 17.93 0.97
MnCr,0, 051 0.00 054 1.08 0.28 000 0.00 028 0.18 0.00 069 128 000 0.12 0.00 0.00
MgCr,0, 3595 0.00 40.89 4091 18.59 0.00 0.00 8.86 046 0.00 35.89 41.09 0.00 21.77 0.00 0.00
FeCr,0, 000 0.1 000 0.00 0.00 025 0.17 000 000 545 000 0.00 153 0.00 132 0.00
FeFe,0, 34.19 30.69 17.76 23.01 13.17 44.37 33.26 12.42 14.91 45.59 18.51 15.88 49.14 11.55 54.52 98.62

Numerous zoned isometric magnesiochromite grains
are characteristic of both of the two occurrences of xe-
noliths of garnet serpentinite (Table 7, Nos. 102 and 110).
Trends of zoning in spinel in both samples are similar.
A bizonal trend of spinel crystallisation with (Mg,Fe)-
Al-chromite (core) and Al-Ti-magnetite (rim) is present
in spinels of dunite layers (No. 104c and r) and likewise
in the spinels of the host olivine melilitolite of the Os-
end intrusion (cf. No. 4c and r) (Ulrych et al. 1986).

Titanian magnetite with higher proportions of Al and
Mg is present in ferro-dunite (No. 99). Rare titanian mag-
netite occurs in glimmerite to phlogopite clinopyroxen-
ite (No. 100, see characteristic mineral association of
metasomatic mantle clinopyroxenite of Group II). Near-
ly pure magnetite (with minor Ti) in garnet clinopyrox-
enite (No. 119) represents a younger generation of spinels
associated with decomposition of primary mafic silicates.
Rare spinels in eclogite No. 103 belong to complex
(AL, Cr,Mg)-bearing varieties.

Xenolith associations

On the basis of the various mineral assemblages, mantle
nodules in volcanic rocks have been usually classified
(Lloyd — Bailey 1975; Frey — Prinz 1978, Lloyd 1981,
1987) into two groups:

— Group I nodules are spinel lherzolites, spinel
harzburgites, wehrlites and dunites containing olivine,
enstatite and clinopyroxene as major constituents with no
(dunite to harzburgite No. 23) or only small amounts of
amphibole and dark mica.

— Group II nodules are pyroxenites that contain mainly
clinopyroxene with minor orthopyroxene and little or no
olivine (glimmerite to mica garnet clinopyroxenite
No. 100). In addition, they usually contain significant
modal percentages of hydrous minerals (titaniferous phl-
ogopite, amphibole) and may also be rich in titanite (or
perovskite), titanomagnetite, apatite and rarely calcite and
feldspar (Lloyd 1987). Some or all of the Group II nod-
ules represent mantle rocks, some of which have been
modified by metasomatism (Lloyd 1987). Group II nod-
ules in Ugandan kamafugites have been subdivided into
three groups on textural grounds (Lloyd 1981). Based on
genetic aspects the BM group of nodules can be categor-
ised as:

(a) mantle xenoliths unrelated to host magmas — stock-
work of metasomatic or magmatic veins (based on xe-
nolith textures), or magmatic + metasomatic, or deep-
seated alkaline complex (e. g., Lloyd — Bailey 1975; Frey
— Prinz 1978, Lloyd 1981, 1987);

(b) metasomatic or magmatic veining by melts relat-
ed to host magmas (e. g., Irving 1980, Witt-Eickschen
et al. 1998).

Melilitic rocks of the OC are characterised by pres-
ence of following xenolith associations:

(i) dunite to harzburgite from mantle (melilite-bear-
ing olivine nephelinite — Little Devil’s Wall),

(ii) glimmerite to mica clinopyroxenite from metaso-
matised mantle? (polzenite — Krkavéf ndvrsi Hill),

(iii) ferro-dunite, garnet clinopyroxenite?, garnet ser-
pentinite from local crystalline basement (olivine melil-
itolite — Oseén4 intrusion).
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(iv) garnet serpentinite, eclogite, and norite from lo-
cal crystalline basement (Kalvdrie Hill and KfiZany lapil-
li-ash tuffs of olivine melilitite composition in diatremes).

The xenolith suite from local crystalline basement
partly resembles the high PT crystalline rocks (gneisses,
granulites, garnet serpentinites, amphibolites) beneath the
Ceské sttedohoif region (Kopecky 1967, Kopecky et al.
1970) as known from the Tfebenice area. Such a suite
of xenoliths is characteristic for lithospheric plate bound-
aries.

However, the eclogite xenoliths found exclusively in
the Kalvdrie Hill diatreme occur in a low PT crustal rock
xenolith suite of Lower Paleozoic phyllites, greenschists
(z glaucophane) and albite granites. The rock associa-
tion is similar to that in the nearby Zelezny Brod Volca-
nic Complex (Fajst et al. 1998).

Nevertheless, according to the chemistry of garnet
these eclogite xenoliths can be classified (Miyashiro
1990) as Subgroup III.B (eclogites in basaltic rocks
formed in deeper parts of continental crust) or C (eclog-
ite layers in peridotitic rocks) corresponding to the high-
temperature division of eclogite facies sensu Carswell ed.
(1990). Equilibration temperatures of garnet—clinopyrox-
ene pairs (core-rim) are 1150-1210 °C (Mori — Green
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1978) and 1320-1400 °C (Mysen — Heier 1972). In Smu-
likowsky’s (1972) jadeite—diopside—garnet diagram the
eclogite xenoliths plot in the griquaite field, unlike com-
mon eclogites from W Sudetes.

A mica-garnet clinopyroxenite xenolith from the oli-
vine melilitolite of the Ose¢nd intrusion has a different
chemical composition. According to the chemistry of its
garnet, this solitary eclogite xenoliths can be classified as
Subgroup 1. A (eclogites accompanied by blueschist-fa-
cies regions, sensu Miyashiro 1990) corresponding to the
low-temperature division of eclogite facies sensu Carswell
ed. (1990). Equilibration temperatures of garnet—clinopy-
roxene pairs (core~rim) are 420450 °C (Mori — Green
1978) and 430460 °C (Mysen — Heier 1972).

Olivine, biotite (titaniferous phlogopite-biotite) and
pyroxene (clinopyroxene) — the OBP series of Holmes
(1942) — substantially occurring in xenoliths and also as
xenocrysts and phenocrysts in volcanic rocks are of par-
ticular significance. These three minerals may provide
clues to the PT crystallisation paths of the melt(s). Xe-
nolith textures suggest that both magmatic and metaso-
matic processes may have been operating at depths; thus,
xenocrysts may represent fragments of magmatic or
metasomatic material (Lloyd et al. 1991). On the other
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DQenO®> ¢ R »>

MgCr,0,

Fig. 8. Spinels from xenoliths and their host rocks plotted into the Johnson prism. X — xenolith, HR — host rock. Sample Nos.: 102 — garnet
serpentinite, Krkavé{ ndvr§{ Hill X; 110 — garnet serpentinite X, Kalvdrie Hill; 104 A — dunite layer in olivine melilitolite HR, Ose&n4;
4 — olivine melilitolite HR, Ose&n4; 99 — ferro-dunite X, Ose&nd; 100 — glimmerite to phlogopite clinopyroxene X, Krkavef ndvrsf Hill;
119 — garnet clinopyroxenite X, Ose¢nd; 103 — eclogite X, Kalvérie Hill; 110 — garnet serpentinite X, Kalvérie Hill.
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hand, xenocrysts may represent high PT (cognate) phe-
nocrysts. The compiled PT diagram in Fig. 9 (after Lloyd
et al. 1991) shows that PT crystallisation conditions for
glimmerite to mica clinopyroxenite xenolith (No. 100)
could be analogous to the xenolith of average composi-
tion from the central fields of Uganda (<1200 °C and
30 kbar or <1000 °C and 17 kbar). Melting experiments
on katungite (K-rich olivine melilitite) with 5 % H,O
added (Arima — Edgar 1983), showed olivine as the lig-
uidus phase up to 20 kbar. Above this pressure, clinopy-
roxene replaced olivine on the liquidus (ca. 1200 °C) and
phlogopite separated at 80—100 "C below this. Lower
temperature/pressure of crystallisation can be supposed
for the garnet clinopyroxenite (No. 119) and eclogite
(No. 103) xenoliths.

Discussion and conclusions

The study of the upper-mantle xenolith association hosted
in melilitic rocks of the OC has shown:

1. Upper-mantle xenoliths are common in Cenozoic
massive rocks, breccias and tuffs of alkali basaltic com-
position of the BM. In particular they are concentrated
along deep-seated faults. Mantle xenoliths are usually
represented by lherzolites, dunites and harzburgites
(Group I) as well as by pyroxenites (Group II), and xe-
nocrystic olivine and pyroxene. The lack of lherzolite and
the presence of dunite and harzburgite in the OC togeth-
er with the high Mg# of their olivine may indicate mag-
ma extraction from depleted mantle. Xenoliths of glim-
merite to mica clinopyroxenite are probably sourced in
metasomatised upper mantle;

2. Lower crustal xenoliths (granulites, charnockites,
gabbros) common in the same volcanic rocks of the BM,
are generally interpreted ds evidence of deep crustal com-
plexes beneath the individual centres. Xenoliths of these
rocks (norite) are very rare in the OC volcanics;

3. The most abundant xenoliths represent rocks of
deeper crystalline basement (garnet serpentinite, eclog-
ite, ferro-dunite, norite);

4, Upper-mantle xenoliths and xenoliths from the lo-
cal crystalline basement are present in melilitic rocks of
a single volcanic centre (OC); xenoliths of similar rock
types (garnet serpentinite) are present in a dyke of
polzenite (Krkavéi ndvr$i Hill) and in pelletal lapilli-ash
tuff of diatreme filling (Kalvdrie Hill);

5. Evidence of the upper mantle as represented by very
rare xenoliths of dunite to harzburgite (Group I sensu
Lloyd — Bailey 1975; Frey — Prinz 1978) is confined to
melilite-bearing olivine nephelinite of the Small Devil’s
Wall;

6. Group II xenoliths are K-rich glimmerite to mica
clinopyroxenite, which may represent metasomatised
upper mantle beneath the OC region — xenoliths of
Group II (i) sensu Lloyd — Bailey (1975), Lloyd (1981),
or veins related to the host magmas (Witt-Eickschen —
Kramm 1998). They occur preferentially in polzenites;

7. Xenoliths of the local crystalline basement are rep-
resented by garnet serpentinite, documented in various
rocks of the OC (olivine melilitolite and pelletal lapilli-
ash tuff of diatreme filling); norite recognised in pelle-
tal lapilli-ash tuff; and ferro-dunite in olivine melilito-
lite only. This association of ultramafic xenoliths is
indicative for lithospheric plate boundaries; such bound-
ary was probably active from pre-Variscan to Neoidic
times in the N Bohemian region;

8. The xenolith of garnet biotite clinopyroxenite (Sub-
group IIIB? sensu Miyashiro 1990) present in olivine
melilitolite only may have formed in deeper parts of the
continental crust. Equilibration temperatures of garnet—
clinopyroxene pairs (core-rim) are 420450 “C (Mori —
Green 1978) and 430-460 °C (Mysen — Heier 1972).

Eclogite (griquaite) xenoliths present exclusively in
the pelletal lapilli-ash tuff of Kalvarie Hill diatreme, may
belong most probably to Subgroup IIIC? sensu Miyash-
iro (1990) representing eclogite layers (“internal eclog-
ites”) in peridotitic rocks. Equilibration temperatures of
garnet—clinopyroxene pairs (core-rim) are 1150-1210 °C
(Mori — Green 1978) and 1320-1400 °C (Mysen — Heier
1972);

9. Presence of mantle xenoliths in volcanic rocks as-
sociated with the LuZice (LTVZ) and the StrdZ faults
(OR) support the notion of their deep crustal range;

10. Diatremes and maars (?) are manifestations of the
same volcanic activity, but at different erosional levels
with about 600 m vertical displacement magnitude along
the StrdZ Fault;
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Fig. 9. PT fields for olivine, clinopyroxene and phlogopite in K-rich
olivine melilitite (katungite) melt composition compiled by Lloyd
et al. (1991). K — olivine-melilitite liquidus; liquidus phase between
10 and 20 kbar = olivine, between 20 and 30 kbar = clinopyroxene;
S — approximate solidus for the average xenolith composition from
the central fields of Bunyaruguru and Katwe—Kikorongo, Uganda.
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11. The lack of xenoliths of melilitic rocks in the OC
diatremes and maar (?) fillings and their penetration by
polzenite dykes indicates that these centres of degassing
probably represent products of the oldest phase of young
volcanism within the BM (older than 79 Ma — olivine
melilitolite and 77 Ma — polzenite of the OC, Pivec et al.
1998).
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Svrchnopld$tové xenolity v melilitickych hornindch ose¢enského komplexu v severnich Cechdch

Osecensky komplex (7949 mil. let), tvofeny diferenciaéni sérif melilitickych hornin (olivinicky melilitolit — polzenit — meliliticky olivinicky nefeli-
nit), vystupujici na kifZenf ohdreckého riftu s luickym zlomem vznikl ze svrchopléstového zdroje. Geneticky spjaté diatrémy (a maary?) vyplnéné
lapillovym aZ popelovym tufem peletového typu sloZenf olivinického melilititu predchdzejf svym vznikem vyvoj osedenského komplexu. Xenolity
svrchopldstového piivodu se vyskytujf jak v masivnich hornindch, tak v tufech diatrem. Dunity aZ harzburgity v melilitickém olivinickém nefelinitu
reprezentuj{ ochuzeny pld3t. Glimerit aZ biotiticky klinopyroxenit v polzenitech jsou patmé produkty metasomatizovaného svrchntho pléité, Grans-
ticky serpentinit, eklogit, norit a ferro-dunit vynesené z mfstntho krystalinického podlof se vyskytujf pouze ve vyplnich diatrem. Pochdzejf z hornin,
které jsou primdmé& odvozeny ze svrchopld$tového zdroje. Skupina vyse uvedenych svrchoplastovych hornin indikuje pttomnost ochuzeného i
obohaceného (metasomatizovaného) svrchnfho pl4sté pod severni &dstf Ceského masfvu. Vyskyt xenolith ultramafickych hornin odvozenych ze svrch-
nfho pldsté, které intrudovaly do mistnfho krystalinického podloZf, jsou povaZoviny za typické pro hranice lithosferické desky.



