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Purely ef fu sive ac tiv ity built up a se quence of nine lavas on Úhošï Hill. The old est erupted lavas are tephrites/basanites (28.66 ±1.06 Ma) 
and are of slightly evolved char ac ter. These are over lain by more dif fer en ti ated al kali ba salt. The suc ces sion con tin ues with picrobasaltic
lavas rich in pheno crysts (ankaramites 26.38 ±1.04 Ma). The en tire suc ces sion is crowned by al kali ba salt lavas (22.09 ±0.73 Ma). All
lavas ap pear to be emit ted from a com mon con duit. With re spect to geo chem i cal and iso to pic data, how ever, the stud ied se quence could
not be in ter preted in terms of the ex haust ing of a sim ple magma cham ber. We pro pose the role of a more com plex res er voir or, of two in -
de pend ent res er voirs at tached to a sin gle con duit sys tem. The tephrites/basanites and picrobasalts (ankaramites) are closely re lated, the
lat ter be ing de rived by ac cu mu la tion of mafic pheno crysts, namely clinopyroxene. The bas alts form an other group dif fer ing from the
tephrites/basanites and picrobasalts in more evolved iso to pic com po si tions of Sr and Nd as well as in in com pat i ble-el e ment ra tios. The
iso to pic com po si tion of the lavas seems to re flect mixed man tle sources de rived from the Eu ro pean Asthenospheric Res er voir through
the ad di tion of com po nents sim i lar to En riched Man tle (EM 1 and EM 2). The bas alts orig i nated by frac tion ation of dif fer ent magma
batches that con tained a higher pro por tion of the en riched man tle com po nent(s) or that were more con tam i nated with crustal ma te rial.
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INTRODUCTION 

The Ce no zoic anorogenic magmatism of the Bo he mian
Mas sif is an in te gral part of the Circum-Med i ter ra nean
Anorogenic Ce no zoic Ig ne ous Prov ince (CiMACI, Lustrino
and Wil son, 2007). The magma as cent was en abled by tec tonic
re ac ti va tion of the Bo he mian Mas sif in its Peri-Al pine set ting
lead ing to for ma tion of the Eu ro pean Ce no zoic Rift Sys tem
(ECRIS, DÀzes et al., 2004) over West ern and Cen tral Eu rope.
The east ern most branch of the ECRIS is rep re sented by the
NE–SW trending Eger Graben that transects the Bo he mian
Mas sif along the Saxothuringian/Teplá–Barrandian bound ary
(Rajchl, 2006) from East ern Ba varia to south west ern Po land.
The north west ern mar ginal fault of this graben struc ture is
known as the Krušné hory (Erzgebirge) Fault. Two Oligocene
vol ca nic com plexes (Èeské støedohoøí Mts. and Doupovské
hory Mts.) and Mio cene sed i men tary bas ins are set within the
Eger Graben (also known as the Ohøe Rift, Fig. 1). The Èeské

støedohoøí Vol ca nic Com plex has been a fo cus of in ten sive
volcanological and pet ro log i cal stud ies for over a cen tury (e.g.,
Cajz et al., 1999). By con trast, the vol ca nic com plex of the
Doupovské hory Mts. has been poorly stud ied, at least partly
be cause the area is cov ered by a mil i tary train ing space. 

The Doupovské hory Vol ca nic Com plex (DHVC) was for -
merly in ter preted as an ero sional relic of a huge stratovolcano
with a cen tral cal dera sit u ated in the vi cin ity of the for mer town
of Doupov (Duppau in Ger man). The cal dera was be lieved to
be ac com pa nied by scarce par a sitic vents (Kopecký,
1987–1988). Re cently, a more com plex set ting of the DHVC
has been rec og nized. The vol ca nic ac tiv ity started in the lat est
Eocene (Shrbený and Vokurka, 1985; Fejfar, 1987) with erup -
tions of Strombolian up to Plinian style. This ac tiv ity lo cally
de pos ited up to 100 m of pyroclastic and epiclastic de pos its
(Hradecký, 1997; Mikuláš et al., 2003). Later, the ac tiv ity be -
came dom i nantly ef fu sive with Ha wai ian to weak Strombolian
erup tions ac com pa ny ing lava emis sions (Hradecký, 1997;
Rapprich, 2003b). The lavas are of ten as so ci ated with



autoclastic, or rarely also hyaloclastic brec cias. Mag mas were
emit ted from nu mer ous vents and the vol ca nic ac tiv ity of the

DHVC lasted un til the Early Mio cene (this pa per). 
Af ter a ca. hun dred-year dom i nance of the stratovolcano

hy poth e sis, when the pro files on Úhošï Hill were pre sented as
a type lo cal ity for dem on stra tion of the stratovolcanic style of
the en tire DHVC, Rapprich (2003a) made a de tailed volcano -

logical, pet ro graph i cal and geo chem i cal study of this lo cal ity
for his di ploma the sis. This ar ti cle is mainly based on the data
from this the sis (some of these data and brief con clu sions were
pub lished as an ab stract — Rapprich, 2003b and in a lo cal jour -
nal — Rapprich, 2004). Some anal y ses were later com pleted in
the lab o ra to ries of the Czech Geo log i cal Sur vey and Ac ti va tion 
Lab o ra to ries to ex tend and im prove the dataset. 
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Fig. 1A — lo cal iza tion of the Eger Graben (= Ohøe Rift) within the ECRIS (af ter DPzes et al., 2004);
B — tec tonic po si tion of the DHVC within the Eger Graben (map adapted af ter Ulrych et al., 1999)

A: BF — Black For est, BG — Bresse Graben, EG — Eger (Ohøe) Graben, FP — Franconian Plat form, HG —
Hessian grabens, LG — Limagne Graben, LRG — Lower Rhine (Roer Val ley) Graben, URG — Up per Rhine
Graben, OW — Odenwald, VG — Vosges; B: MSF — Mar ginal Sudetic Fault, OR — Ohøe Rift, OFZ — Odra
Fault Zone



ANALYTICAL METHODS

Ma jor and trace el e ment anal y ses were per formed in the
Chem i cal Lab o ra tory of the Geo log i cal In sti tute, Fac ulty of
Sci ence, Charles Uni ver sity in Prague (AAS used for trace el -
e ments), and in the lab o ra to ries of the Czech Geo log i cal Sur -
vey (CGS), Prague (XRF used for trace el e ments). Se lected
sam ples were ana lysed for a large num ber of trace el e ments
in clud ing REEs at Ac ti va tion Lab o ra to ries Ltd. (Ancaster,
On tario) us ing in duc tively cou pled plasma-mass spec trom e -
try (ICP MS).

Stron tium and neo dym ium iso tope com po si tions were ana -
lysed in the CGS lab o ra to ries as fol lows: sam ples were dis -
solved us ing a com bined HF-HCl-HNO3 at tack. Sr and Nd
were sep a rated by ex change chro ma tog ra phy tech niques on
poly propy lene col umns with Sr.spec, TRU.spec and Ln.spec
res ins (Pin et al., 1994; Pin and Zalduegui, 1997). Iso tope anal -
y ses were made on a Finnigan MAT 262 ther mal ion iza tion
mass spec trom e ter in dy namic mode us ing a dou ble Re fil a -
ment as sem bly. The 87Sr/86Sr ra tios were cor rected for mass
frac tion ation to 86Sr/88Sr = 0.1194, 143Nd/144Nd ra tios as sum ing
146Nd/144Nd = 0.7219. Ex ter nal reproducibility is given by re -
sults of re peat anal y ses of the NBS 987 ref er ence ma te rial

[87Sr/86Sr = 0.710245 ±26 (2s; n = 28)] and La Jolla ref er ence

ma te rial [143Nd/144Nd = 0.511852 ±14 (2s; n = 27)]. Ini tial ra -
tios were cal cu lated us ing the ref er ence age of 29 Ma cor re -
spond ing to the old est lava unit of the stud ied lava se quence.
How ever, the age cor rec tion is rather in sig nif i cant. Fig ure 11
was con structed from raw data with out any re cal cu la tion to get
better com pa ra bil ity with pres ent day man tle com po nents
(Zindler and Hart, 1986) and pub lished data
from Bo he mian Vol ca nic Com plexes.

Three se lected lavas of the se quence
were also dated us ing the po tas sium-ar gon
method. The geo chron ol ogi cal anal y ses
were car ried out in the ATOMKI Lab o ra to -
ries, Debrecen, Hun gary. Af ter acid di ges -
tion and 0.2M HCl dis so lu tion of sam ples,
the po tas sium con tent was de ter mined by
flame pho tom e try with a Na buffer and Li
in ter nal stan dard. Mea sure ments were
checked by inter-lab o ra tory stan dards (Asia
1/65, LP-6, HD-B1 and GL-O). Ar gon was
ex tracted from sam ples by RF fu sion in Mo
cru ci bles un der vac uum con di tions. An
38Ar-spike was added to sam ples prior to
gas-clean ing in Ti and SAES get ters and liq -
uid ni tro gen traps, re spec tively. Iso tope ra -
tios of ar gon were mea sured in the static
mode us ing a 15 cm ra dius mag netic sec -
tor-type mass spec trom e ter in Debrecen.
Balogh (1985) and Odin (1982) de scribed
the meth ods ap plied in de tail. Age cal cu la -
tions were based on atomic con stants pro -
posed by Steiger and Jäger (1977). 

Clinopyroxenes from the lo cal ity stud -
ied were an a lyzed in the mi cro-an a lyt i cal
lab o ra tory (LAREM) of the Czech Geo log i -

cal Sur vey, Prague, in two sets. Anal y ses of clinopyroxenes
from picrobasalts and up per bas alts were ana lysed in 2002 on a
CamScan S4 at op er a tion cur rent 2.5–3 nA, volt age of 15 kV
and count ing time of 100 s and these data have been al ready
pub lished by Rapprich (2005). Clino pyroxenes from
tephrites/basanites and lower ba salt were ana lysed later (in
2006) on a CamScan 3400 un der the same op er a tion con di -
tions. An En ergy Dis per sion Sys tem (EDS — Link ISIS 300)
was ap plied to ac quire quan ti ta tive anal y ses. For mu las of
clinopyroxenes were cal cu lated based on four cat ions. The
method of Vieten and Hamm (1978) was ap plied for cal cu la -
tion of fer ric iron. Clinopyroxenes were clas si fied and plot ted
on a quad ri lat eral di a gram (Morimoto, 1988) af ter sub trac tion
of all ad di tional mol e cules (such as kosmochlor, aegirine,
Ca-Tschermak`s mol e cules, esseneite, etc. — Rapprich, 2005).
The pu ri fied sys tem wolastonite + en sta tite + ferrosilite still
rep re sents ca. 75% of the to tal formula. Geo chem i cal cal cu la -
tions and di a grams were made us ing GCDkit soft ware
(Janoušek et al., 2006). 

GEOLOGY OF ÚHOŠ¸ HILL

The stud ied lo cal ity is sit u ated at the north east ern mar gin of 

the DHVC (Fig. 2). Úhošï Hill is a ta ble rock (593 m a.s.l.) that
rises some 150 m above the sur round ing land scape and has an
api cal pla teau some 1200 m in length (lon gi tude) and 800 m in
width (lat i tude). A se quence of sev eral lava flows is well ex -
posed on the east ern and west ern slopes of this hill and be longs
to the ef fu sive (youn ger) evolutional stage of the DHVC. The
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Fig. 2. Dig i tal el e va tion model of the DHVC and lo ca tion
of struc tures men tione in the text



lavas over lie poorly ex posed pyroclastic and epiclastic de pos its 
of pre vi ous vol ca nic ac tiv ity. 

Both the east ern and west ern slopes of the hill were doc u -
mented in de tail and all ob served lavas were sam pled. The gen -
eral flow di rec tion of the lava is sup posed to be from the W or
SW to E or NE.

On the east ern slope seven suc ces sive lava bod ies were ob -
served. On the west ern slope only five lava units were doc u -
mented be cause a lava se quence with clear re la tions is well ex -
posed and ac ces si ble only at the south ern edge of the slope.
Some lavas prob a bly owed over the north ern part of the pres ent 
hill and there fore these are miss ing on the south ern edge of the
west ern slope. 

Field study and petrographic cor re la tion of the two pro -
files in di cate that the lavas on the east ern side rep re sent the
lower part of the suc ces sion, whereas the up per part crops out
on the west ern side. As there is an over lap be tween the pro -
files the to tal num ber of out crop ping lavas is nine. A sche -
matic sec tion through the hill with lo ca tion of sam pling sites
is shown in Fig ure 3.

From the field study it is clear that Úhošï Hill rep re sents
only an ero sional relic of a lava suc ces sion fed from a more dis -
tant source. How ever, the ex act po si tion of the feeder con duit
for the Úhošï lavas has not yet been def i nitely iden ti fied. On
the other hand, there is only one can di date for the vent for these
lavas — Lesná Hill, some 8 km SW from Úhošï Hill (Fig. 2).
Mor pho log i cal ridges ex tend al most con tin u ously from Lesná
Hill to wards Úhošï Hill. Struc tural pla teaus of in di vid ual lavas
are in clined in the same di rec tion. Ae rial geo phys i cal sur vey
sup ports this in ter pre ta tion show ing a pos i tive mag netic anom -
aly as so ci ated with Lesná Hill (Šalanský, 2004). Sev eral oc cur -
rences of ba saltic rocks in close prox im ity to Kadaò town were
ac tu ally in ter preted as ero sional rem nants of a set of lavas. The

pe trog ra phy and suc ces sion of these lavas cor re spond to the
lower part of the se quence ex posed on Úhošï Hill (Rapprich,
2007). The num ber of in di vid ual lavas de creases to wards the
north-east (with in creas ing dis tance from the source). On the
other side, few sco ria cone rem nants found around Kadaò (NE
of Úhošï Hill) are not suit able can di dates for con duits of the
stud ied lavas be cause of their lower at ti tude, dif fer ent pe trol -
ogy, and age.

PETROGRAPHY OF THE LAVAS

These nine lavas were di vided into four mag matic units ac -
cord ing to their po si tion in the suc ces sion, pet ro graph i cal and
geo chem i cal char ac ter is tics. The low er most three lavas be -
long ing to the tephrite/basanite unit (TBU) are over lain by the
lower ba saltic (LB) lava unit no 4. The suc ceed ing lava units
(no. 5 and 6) are of picrobasaltic (PU) com po si tion and the suc -
ces sion is crowned by the youn gest up per ba salt unit (UBU,
lavas no. 7–9).

As men tioned above, there are clastic lay ers interbedded
with the lava bod ies of Úhošï Hill. The in di vid ual lavas are
sep a rated by lay ers up to 2 m thick of argillized volcaniclastic
ma te rial, in the past er ro ne ously in ter preted as coarse-grained
fall-out tuffs (with blocks up to 1 m across — e.g. Zartner,
1929, 1938; Kopecký, 1987–1988). De tailed study of the
depositional struc tures shows an ab sence of any bomb-sags be -
neath large frag ments. In di vid ual frag ments con sist of co her ent 
ba saltic rock with out any signs of ves i cle-growth frag men ta -
tion. The sharp and straight frag ment shapes sug gest an or i gin
by frag men ta tion of al ready so lid i fied crust of lava dur ing its
con tin u ing flow. Thin-sec tion stud ies sup port such ob ser va -
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Fig. 3. Sche matic pro file show ing the lava suc ces sion of Úhošt’ Hill and po si tion of the sam pled rocks



tions, show ing a tex ture of brit tle-frag mented ba saltic clasts
(Fig. 4) that are petro graphi cally uni form and cor re spond to the 
re lated co her ent lava body. The typ i cal size of di op side pheno -
crysts is the same as in the com pact lava and the ma trix shows a
partly argillized mix ture of di op side, Fe-Ti ox ides and
plagioclase sim i lar to the ma trix of the com pact lava. No
pyroclastic tex ture is vis i ble and there fore these lay ers were
re-in ter preted as autoclastic brec cias of lava flows. Thus, the

Úhošï lo cal ity does not in di cate a stratovolcanic style for the
DHVC; to the con trary, it may serve as ev i dence of pre vail ing
ef fu sive ac tiv ity.

TEPHRITE/BASANITE UNIT (TBU)

A low con tent of di op side pheno crysts, scarce ol iv ine and
very fine-grained ma trix char ac ter ize lavas of this low er most
unit. The con tent of modal ol iv ine in creases up to ca. 10 vol.%
in the third lava body (the last lava of this unit). The value of
nor ma tive ol iv ine (CIPW norm) var ies around 10 wt.% and
pre cludes ex act dis tinc tion be tween tephrite and basanite. The
as so ci a tion of fel sic min er als changes from neph el ine + anal -
cite to plagioclase + neph el ine and/or anal cite (Ta ble 1). Thus a
tran si tion from foidite to tephrite/basanite has been ob served. 

The old est lava of this unit (and of the en tire se quence)
crops out  solely on the east ern slope. It was clas si fied as neph -
el ine analcitite ac cord ing to modal com po si tion, but the TAS
(to tal al ka lies-sil ica) di a gram places this rock within tephrites.
Di op side pheno crysts (up to 1.5 cm) oc cur scarcely and
pseudo morphs af ter am phi bole and ol iv ine are rare (Fig. 5A,
B). The pres ence of fre quent joints filled by late/post-mag matic 
phases led us to carry out ra dio met ric dat ing on the over lay ing
lava that has a much fresher ap pear ance.

The sec ond lava is sim i lar to the pre vi ous one. Scarce
pheno crysts of di op side (up to 1 cm) en closed in a fine-grained
ma trix build up this rock. Small pseudo morphs af ter phlogopite 
(com pris ing di op side + Fe-Ti ox ides), am phi bole (di op side +
Fe-Ti ox ides + rhönite) and ol iv ine (car bon ate) oc cur scarcely.
The rock was clas si fied as tephrite, which cor re sponds to its
chem i cal com po si tion. The age of this sec ond lava flow cor re -
sponds to late Rupelian (28.66 ±1.06 Ma) ac cord ing to the
K-Ar method.
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T a  b l e  1

Semi-quan ti ta tive modal anal y ses of Úhošt’ lavas [to tal = 100%]

Unit TBU LB PU UBU

Flow no. 2 3 4 6 6 7 9

Sam ple V7 V6 V5 V3A V14 V10A V9

Pheno crysts [vol.%] 15 20 10 55 55 30 20

Clinopyroxene ++ ++ + +++++ +++++ +++ +++

Ol iv ine (fresh and pseudo morphs) + + + +++ +++ ++ +

Phlogopite (pseudo morphs) + + +

Am phi bole (pseudo morphs) + + + ++

Ma trix [vol.%] 85 80 90 45 45 70 80

Clinopyroxene ++++ ++++ ++++ +++ +++ ++++ ++++

Fe–Ti ox ides +++ ++ ++ ++ +++ ++ +++

Ol iv ine (pseudo morphs) ++ +

Plagioclase ++ ++++ +++ ++ +++ +++

Neph el ine/anal cite ++ ++ + + + +

Glass and un-rec og nized 
apha ni tic ma trix +++ ++ ++ ++ ++ ++ ++

TBU — tephrite/basanite unit, LB — lower ba salt, PU — picrobasalt unit, UBU — up per ba salt unit

Fig. 4. Mi cro pho to graph of the argillized autoclastic fa cies
of a lava from Úhošt’ Hill

Brit tle frag men ta tion of cool and so lid i fied ba saltic lava is apparent;
 real width of the im age is 3.2 mm
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Fig. 5. Mi cro pho to graphs of rep re sen ta tive rock sam ples

A — scarce clinopyroxene phenocryst with ol iv ine in clu sion in tephrite of the first lava (sam ple V8); B — fine-grained ma trix
of the first lava on the west ern side (V15); C, D — clinopyroxene pheno crysts in ma trix con tain ing small pseudomorphs af ter
ol iv ine — lava of lower ba salt (V5, sin gle and crossed polars re spec tively); E, F — large ol iv ine phenocryst sur rounded by
clinopyroxene pheno crysts in picrobasalt (V14, sin gle and crossed polars re spec tively); G, H — up per ba salt of the eighth
lava: pseudo morphs af ter am phi bole and ol iv ine and di op side pheno crysts (V9, sin gle and crossed polars); real width of all
pic tures is 3.2 mm



Com pared to the pre vi ous ones, the third lava is richer in ol -
iv ine pheno crysts (up to 1.2 cm) that are com pletely
iddingsitized. Pseudo morphs af ter am phi bole (up to 1 cm) con -
sist of a mix ture of di op side, Fe-Ti ox ides and rhönite. This
sam ple petro graphi cally rep re sents a tran si tional rock be tween
tephrite and basanite, consistent with pet ro log i cal data from the 
TBU (normative ol iv ine).

LOWER BASALT (LB)

The fourth lava is ex posed on the east ern slope  solely of the 
stud ied lo cal ity. This ba saltic rock dif fers sig nif i cantly from the 
un der ly ing TBU as well as from the over ly ing picrobasalts. Di -
op side pheno crysts are en closed in a fine-grained ma trix (Fig.
5C, D). Cav i ties filled by car bon ates and zeolites are abun dant.
The geo chem i cal char ac ter is tics and ap pear ance of this rock
are sim i lar to those of bas alts from the top of the en tire se -
quence (UBU). 

PICROBASALT UNIT (PU)

This unit con sists of two lavas, but only the up per one crops 
out on both sides of the stud ied lo cal ity. The lower one (lava
no. 5) is ex posed only on the east ern slope. An abun dance of
ves i cles, a high con tent (about 55 vol.%) of large ol iv ine and
namely di op side pheno crysts, and very low con tents of feld -
spar and feldspathoids are the main char ac ter is tics of the en tire
unit (Fig. 5E, F). The ol iv ine is partly iddingsitized, but fresh
cores are still pre served. The rock petro graphi cally cor re -
sponds to ankaramite, i.e. ba saltic rock un usu ally rich in
pheno crysts of clinopyroxene. The thick ness of the picro -
basaltic lavas reaches at least 5 m, per haps due to their high
crystallinity and there fore in creased ef fec tive vis cos ity. 

UPPER BASALT UNIT (UBU)

The youn gest lavas pre served at Úhošï Hill be long to the
UBU. This unit con sists of three lavas (lavas 7, 8 and 9), but
only the low est one reaches the east ern side of the hill. Lavas
no. 8 and 9 can be cur rently seen only on the top of the west ern
slope (closer to the orig i nal vol ca nic cen tre). At pres ent it is
hard to say whether this is due to a smaller magma sup ply,
which pro duced shorter lava flows, or to later ero sion. The
fine-grained ba salt of lava no. 7 is rel a tively poor in di op side
pheno crysts, es pe cially on the east ern slope. The oc cur rence on 
the west ern slope dif fers from that of the same lava on the east -
ern slope in a slightly higher con tent of pheno crysts. Sim i larly,
granulitic xe no liths oc cur on the west ern side solely, whereas
on the east ern side none have been found. The over ly ing lava
(no. 8) dis plays a well-de vel oped autoclastic fa cies at the base,
a pre vail ing com pact fa cies, and a strongly vesiculated top. Di -
op side pheno crysts (1 cm) build up to 20% of the rock. Rel ics
of am phi bole (not ex ceed ing 2 mm) and al tered ol iv ine (up to
8 mm) were also dis tin guished among the pheno crysts (Fig.
5G, H). The youn gest pre served lava sheet (no. 9) is coarsely
por phy ritic (di op side up to 1.5 cm, pseudo morphs af ter am phi -
bole up to 2.5 cm) ba salt. This youn gest lava has been dated us -
ing the K-Ar method as Aquitanian (22.09 ±0.73 Ma; Ta ble 5).

MINERAL CHEMISTRY

Most of the min er als pres ent in the lavas of Úhošï Hill are
gen er ally uni form in com po si tion and give lit tle ad di tional in for -
ma tion on mag matic evo lu tion. The olivines stud ied were mostly 
so strongly iddingsitized that only in one lava sheet (sam ples
V3A and V14) fresh cores of ol iv ine pheno crysts Fo81–86 were
pre served. The com po si tion of Ti-mag ne tite (con tent of Ti and
ad mix tures of Al, Mg, Mn) is vari able within each in di vid ual
sam ple and shows no de pend ence on pe trog ra phy. 

Plagioclase is com monly re stricted to the ma trix and its laths
are fre quently too small even for  anal y sis. Those few ana lysed
from the UBU (sam ple V2) have the com po si tion
An50–60Ab39–48Or1–2. Feldspathoids are rep re sented by auto -
morphic (or hypautomorphic) neph el ine and xenomorphic anal -
cite. The anal cite most prob a bly re places the orig i nal glass. No
anal cite pseudo morphs af ter leu cite (com mon in many lo cal i ties
within the en tire DHVC) were ob served in lavas of Úhošï Hill.

The best in for ma tion on magma evo lu tion is car ried by
compositional vari a tions of the clinopyroxenes, be cause of
their long crys tal li za tion in ter val. Compositional vari a tions of
clinopyroxenes from the en tire DHVC were de scribed by
Rapprich (2005). De ple tion in Si and Mg and en rich ment in Ti,
Al and Fe to wards the rims re flect a com mon compositional
evo lu tion of clinopyroxenes dur ing crys tal li za tion of the ba -
saltic melt. Clinopyroxene cor re sponds to aluminian di op side
with a Ca con tent (al ways over 90% of the M 2 site — Ta ble 2)
too high to be clas si fied as augite. Only weak dif fer ences were
found in clinopyroxene com po si tions from dif fer ent rocks
(Fig. 6). The most prim i tive (Mg-rich) pyroxene oc curs in
picrobasaltic lavas sug gest ing early crys tal li za tion with high
Mg/Fe ra tios. Clinopyroxene from other lavas is more evolved,
in clud ing the very in ner cores. 

CHEMICAL COMPOSITION 
OF THE ERUPTED MAGMAS

The DHVC is char ac ter ized by dom i nance of ba saltic lavas
clus ter ing around the foidite–tephrite/basanite–picrobasalt–ba -
salt s.s. field bound aries within the to tal al kali–sil ica clas si fi ca -
tion di a gram (Fig. 7). The range of chem i cal com po si tion of
lavas of Úhošï Hill (Ta ble 3) fits within the compositional
range of com mon DHVC lavas. 

The chem i cal clas si fi ca tion (Le Bas et al., 1986; Fig. 7) is in 
good agree ment with the min er al og i cal clas si fi ca tion de scribed 
above. The only ex cep tion is the V8 sam ple (neph el ine
analcitite ac cord ing to its modal com po si tion but tephrite as re -
gards chem i cal clas si fi ca tion). The lavas of the TBU plot in the
field of tephrites/basanites, the PU is placed at the bound ary be -
tween picrobasalts and bas alts. A ba saltic s.s. com po si tion of
the LB and UBU was also proved. 

The suc ces sion starts with TBU lavas poor in pheno crysts.
These lavas are weakly evolved ac cord ing to their dif fer en ti a -
tion in di ces (17.4–25.3) and gen er ally low mg# val ues
(49.7–55.7), MgO (6.5–8.3 wt.%), Cr (72–109 ppm) and Ni
(26–55 ppm) con tents. The youn ger lava of this unit dis plays a
more evolved com po si tion com pared to the older one. The first
lava dis plays in creased con tents of both MgO and CaO.
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The fol low ing LB lava is char ac ter ized by sig nif i cantly

lower mg# (45.3–47.4) and higher DI (34.2–35.4) val ues as
com pared to the pre vi ous unit. Of in com pat i ble el e ments,
there is an in creased con tent of Rb and also the ra tios Rb/Nb
and Ba/Nb are sig nif i cantly higher with re spect to the TBU
lavas. This ba salt is geochemically sim i lar to the youn gest
lavas (UBU).

Lavas of the PU unit are high in MgO (9.35–12.5 wt.%)
and CaO (14.4–15.1 wt.%) and have low to tal al kali con tents
(2.6 wt.% for the first lava and 2.0 to 2.2 wt.% for the sec ond

one) and low DI val ues (11.4–16.6) ac com pa nied by high mg#
(60.5–68.1), high Cr (424–613 ppm) and Ni (112–151 ppm)
con tents. Anal y sis of the V14 sam ple also shows sig nif i cantly
in creased con cen tra tions of Sc in the PU. Con tents of in com -
pat i ble el e ments are lower than in the TBU lavas.

The up per most UBU unit con sists of bas alts s.s. with in -
creased DI val ues (27.8–31.3) and Al2O3 con tents
(13.4–14.6 wt.%). These ba saltic lavas again have low mg#
val ues (44.5–54.5) and low con tents of Cr (24–123 ppm) and
Ni (13–37 ppm). In av er age, these up per bas alts are on av er age
slightly less evolved than the LB.

Geo chem i cal vari a tions as a func tion of lithostratigraphic
po si tion within the se quence are shown in Fig ure 8. Re peat ing
changes from less evolved to more evolved mag mas and vice
versa are ob vi ous. 

The chondrite-nor mal ized REE pat terns (Fig. 9) and
spidergram for trace el e ments nor mal ized to prim i tive man tle
(Fig. 10) show very sim i lar geo chem i cal fea tures in all the
lavas. The chondrite-nor mal ized REE pat terns (Fig. 9) for in di -
vid ual sam ples are mu tu ally par al lel and al most lin ear with
high de grees of LREE en rich ment (Lan/Ybn from 18.9 to 23.5).
The ankaramitic lava of the PU has sig nif i cantly lower con tents 
of all REEs and the low est Lan/Ybn ra tio.

Also the spidergram of trace el e ment con tents nor mal ized
to prim i tive man tle (Sun and McDonough, 1989; Fig. 10) dis -
plays very sim i lar pat terns for all sam ples with strong neg a tive
anom a lies for K and less pro nounced ones for Rb and P.  

By con trast, higher 87Sr/86Sr and lower 143Nd/144Nd val ues
(Ta ble 4) sep a rate bas alts (LB and UBU) from tephrites and
picrobasalts (TBU and PU). The same is true for some ra tios of
strongly in com pat i ble el e ments such as Rb/Nb, Ba/Nb, Th/Ta
or Th/Nb (Ta ble 3).
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Fig. 6. Classification of clinopyroxenes from lavas of Úhošt’ Hill
in a quad ri lat eral di a gram (Morimoto, 1988)

Clinopyroxenes are plot ted af ter pu ri fi ca tion from ad di tional mol e cules (Rapprich, 2005); A — 
tephrite/basanite unit; B — lower ba salt; C — picrobasalt unit; D — up per ba salt unit (data: A and B this pa -
per; C and D from Rapprich, 2005); Di — di op side, En — en sta tite, Fs — ferrosilite, Wo — wollastonite, Hd
— hed en ber gite
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T a  b l e  2

Av er age com po si tions of clinopyroxenes from Úhošt’ Hill 

Unit TBU LB PU UBU

Zone core rim ma trix core rim ma trix core rim ma trix core rim ma trix

n 12     19 6 3 6 3 8 10 10 7 10 8

SiO2 49.66 45.46 46.03 50.57 46.70 46.75  52.11 47.26  51.01 50.73 47.69  48.85  

TiO2 1.64 3.44 3.32   1.33 2.89 3.11 0.82 2.62 1.31 1.27 2.30 1.85

Al2O3 4.40 7.27 6.36   3.95 6.17 5.47 2.90 6.70 3.62 4.39 5.92 5.14

Cr2O3 0.25 0.02 0.00   0.22 0.03 0.05 0.41 0.03 0.31 0.33 0.09 0.12

FeO 5.92 7.75 8.12   5.73 8.30 8.78 4.19 7.53 4.87 5.33 7.62 7.49

MnO 0.03 0.07 0.10   0.06 0.07 0.11 0.08 0.14 0.12 0.10 0.15 0.12

MgO 14.26  12.10 12.32  14.68 12.36  12.74 15.68 12.36 14.94 14.72 12.72  13.40 

CaO 23.40  23.25 23.21 23.13 22.65 22.22 23.17 22.71  23.19 22.92 22.54  22.55 

Na2O 0.44 0.48 0.45 0.42  0.52 0.45 0.66 0.81 0.65 0.69 0.77 0.74

To tal 99.99 99.84 99.90  100.10  99.69 99.68 100.02  100.17  100.04   100.52   99.82  100.27   

T

Si    1.832   1.698  1.721   1.860   1.747   1.752    1.903     1.752   1.870   1.853   1.773   1.804

Al    0.168   0.302  0.268  0.140   0.253   0.241   0.097     0.248   0.130   0.147   0.227   0.196

Fe3+  0.011   0.007    

M1

Al   0.023   0.019  0.013  0.032   0.020   0.002   0.028     0.045   0.028   0.042   0.033   0.027

Fe3+   0.078   0.123  0.112  0.058   0.106   0.101   0.059     0.114   0.066   0.074   0.118   0.116

Ti   0.046   0.097  0.093  0.037   0.082   0.088   0.022     0.073   0.037   0.035   0.064   0.051

Cr   0.007   0.001  0.007   0.001   0.001   0.012     0.001   0.009   0.009   0.003   0.003

Mg   0.784   0.674  0.686  0.805   0.689   0.712   0.853     0.683   0.814   0.801   0.705   0.738

Fe2+   0.062   0.087  0.095  0.062   0.103   0.096   0.025     0.084   0.047   0.038   0.077   0.064

M2

Mg   0.002

Fe2+   0.043   0.033  0.035  0.056   0.052   0.071    0.044     0.035   0.037   0.051   0.042   0.051

Mn   0.001   0.002  0.003  0.002   0.002   0.003    0.002     0.005   0.004   0.003   0.005   0.004

Ca   0.925   0.931  0.930  0.912   0.908   0.893    0.907     0.902   0.911   0.897   0.898   0.892

Na   0.031   0.034  0.032  0.030   0.037   0.033    0.047     0.058   0.046   0.049   0.055   0.053

Kch 0.68 0.07 0.65 0.10 0.14 1.18   0.09 0.89 0.94 0.26 0.34

Aeg 2.45 3.38 3.24 2.36 3.65 3.14 3.43  5.73 3.39 3.85 5.26 4.96

Jd 0.07 0.31 0.10

Kan 0.09 0.23 0.31 0.19 0.23 0.34 0.24   0.45 0.38 0.32 0.48 0.37

CFT 0.02 1.12 0.70 0.01

CAT 2.31 1.89 1.27 3.17 2.01 0.17 2.75   4.49 2.47 4.13 3.29 2.75

CTT 4.55 9.70 9.33 3.68 8.17 8.80 2.25   7.31 3.66 3.50 6.43 5.13

Ess 5.38 8.91 6.87 3.45 6.91 6.31 2.45   5.69 3.20 3.55 6.50 6.62

Fs 5.23 5.96 6.52 5.92 7.72 8.35 3.46   5.96 4.20 4.45 5.96 5.79

En 39.16  33.57  34.16 40.14 34.34  35.41 42.55 33.92 40.60 39.90  35.03  36.70 

Wo 40.12  36.27  37.19 40.43 36.87  36.66 41.6 36.36 40.91 39.25  36.79  37.35 

Av er age anal y ses (ox ides in wt.%, n — num ber of anal y ses) re cal cu lated to for mu lae based on 4 cat ions and 6 oxygens (T — tet ra he dral po si tion,
M 1 and M 2 — oc ta he dral po si tions), and av er age mo lar per cent ages of end-mem bers (Kch — kosmochlor, Aeg — aegerine, Kan — kanoite, CFT
— Ca-ferri-Tschermak´s mol e cule, CAT — Ca-Al-Tschermak´s mol e cule, CTT — Ca-Ti-Tschermak´s mol e cule, Ess — esseneite, En — en sta tite,
Fs — ferrosilite, Wo — wollastonite); “Area” in di cates whether core (c) or rim (r) of pheno crysts or microcryst in a ma trix (m) was an a lyzed; (TBU
and LB — new data, PU and UBU from Rapprich, 2005); for re cal cu la tion method see text
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T a  b l e  3

Ma jor com po nent anal y ses of lavas from Úhošt’ Hill near Kadaò [wt.%]

Unit Tephrite-basanite unit (TBU) Lower ba salt (LB) Picrobasalt unit (PU) Up per ba salt unit (UBU)

Flow 1 2 2 4 4 5 6 6 6 7 7 9

Sam ple V8 V7 V7 V5 V5 V3B V3A V14 V14 V2 V10B V9

Lab. CGS CGS AL CGS AL CU CU CU AL CU CU AL

SiO2 40.87  42.38 42.03 44.84 45.96 43.42 42.78 42.62 43.89 43.88 44.36 45.30

TiO2   3.06    3.52  3.75   2.89  3.21   2.64   2.40   2.66  2.73  3.56   3.00   3.14

Al2O3 11.94  13.30 13.26 13.81 13.47 11.02   9.22   9.96  9.28 14.60 13.43 14.19

Fe2O3   8.12   12.95*   13.07*   9.14   12.36*   7.87   8.96   5.65 11.61*  6.68   6.63   12.00*

FeO   4.49 – –   2.95 –   3.78   2.63   5.62 –  5.78   4.83 –

MnO   0.22   0.21   0.20   0.16  0.16   0.17   0.16   0.16  0.17  0.21   0.19   0.18

MgO   8.31   6.98   6.53   5.64  5.16   9.35 10.85 12.17 12.49  5.31   7.26   6.35

CaO 14.06  12.14 11.68   9.91  9.35 14.63 14.41 15.08 15.04 10.99 11.49 11.29

Na2O   2.18   2.41   2.52   2.82  2.87   2.07   1.15   1.71  1.79  3.10   2.72  3.21

K2O   1.00   0.94   0.91   1.53  1.51   0.54   0.85   0.37  0.40  1.03   0.96  1.24

P2O5 0.65   0.69   0.79   0.74  0.80   0.47   0.43   0.40  0.35  0.74   0.75   0.61

H2O- 0.71   1.30 –   1.10 –   0.66   0.90   0.38 –  0.54   0.62 –

H2O
+ 3.30   3.04 –   3.61 –   3.13   4.58   2.80 –  2.84   3.03 –

CO2 0.37 – –   0.10 –   0.15   0.24   0.07 –  0.46   0.19 –

F 0.18 – –   0.17 – – – – – – – –

LOI – –   4.16 –  4.26 – – –   2.45 – –   2.60

To tal 99.67  99.86  98.91 99.64   99.10 99.90  99.56   99.65 100.19   99.72  99.46 100.10

DI 17.4 23.8 25.3 34.2 35.4 16.6 13.7 11.4 13.0 30.5 27.8   31.25

mg# 55.7 51.6 49.7 47.4 45.3 60.6 64.4 67.0 68.1 44.5 54.5  51.2

CGS — Lab o ra tory of the Czech Geo log i cal Sur vey, Prague; CU — Lab o ra tory of Geo log i cal De part ments, Fac ulty of Sci ence, Charles Uni ver sity
in Prague; AL — Ac ti va tion Lab o ra to ries, Ltd., Ancaster, On tario (ma jor el e ments by ICP); * — to tal Fe as Fe2O3; LOI — loss on ig ni tion (un cor -
rected to ox i da tion of Fe); DI — dif fer en ti a tion in dex based on the CIPW norm (sum of nor ma tive salic min er als ex cept for an or thite, wt.%);  mg#  —
atomic ra tio 100Mg/(Mg+Fetot)

 Fig. 7A — range of compositional vari a tion of mag mas erupted within the DHVC (n = 164, data from: Shrbený, 1982; un pub lished data of
Adamová for DHVC map ping pro jects of the Czech Geo log i cal Sur vey; un pub lished data of au thors). Shad ing dis plays rel a tive in crease in fre -
quency of the sam ples ana lysed; B — de tail of the TAS di a gram (Le Bas et al., 1986) with sam ples from Úhošt’ Hill; dou ble sym bols for sam ples
V5, V7 and V14 rep re sent anal y ses pro vided by two in de pend ent meth ods (see Ta ble 3)



DISCUSSION 

The lava suc ces sion of Úhošï Hill starts with tephritoids
poor in pheno crysts, with low MgO, Cr and Ni con tents and
with mod er ate val ues of the dif fer en ti a tion in dex. This ini tial
lava group is bur ied by more dif fer en ti ated ba salt, which is pre -
ce dent to two picrobasaltic lavas rich in large pheno crysts of ol -
iv ine and di op side and with char ac ter is ti cally higher con tents
of Ni, Cr, and low DI val ues. The se quence is com pleted by a
set of evolved ba saltic lavas dis play ing the high est DI val ues,
in creased con tents of sil ica, al ka lis and Al2O3. Such a suc ces -
sion could hardly be ex plained by suc ces sive ex haus tion of a
sin gle magma res er voir filled with magma con tin u ously evolv -
ing by frac tional crys tal li za tion. 

Pet ro graph i cal as well as geo chem i cal data, in clud ing the
iso to pic com po si tions of Sr and Nd, sug gest that all the lavas

can be sub di vided into two groups. The first group com prises
the TBU and PU, the sec ond group cov ers both the lower and
up per bas alts (LB and UBU). Each of the two groups dis plays
al most iden ti cal (within an a lyt i cal un cer tainty) iso to pic com po -
si tions and very sim i lar ra tios of in com pat i ble el e ments that are
different to those in the other group. 

An in ter est ing prob lem is the or i gin of ankaramite lavas
form ing the picrobasalt unit (PU). Geo chem i cal data (see the
in com pat i ble-el e ment ra tios, e.g., Th/Ta or Ba/Nb) in clud ing
the iso to pic com po si tions dem on strate their close re la tion ship
to the TBU, but both units dif fer in the con tent of pheno crysts
and their pro por tions. The TBU rep re sents magma ap par ently
de pleted in pheno crysts, whereas the PU con tains about
55 vol.% of large pheno crysts dom i nated by clinopyroxene.
Al though the picrobasalts dis play some compositional fea tures
aproaching those of near-pri mary man tle melts (e.g., the high
con tents of MgO and Cr), they are rel a tively low in Ni. Con -
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T a  b l e  4

Trace el e ment anal y ses of lavas from Úhošt’ Hill near Kadaò (in parts per mil lion)

Unit Tephrite-basanite unit (TBU) Lower ba salt (LB) Picrobasalt unit (PU) Up per ba salt unit (UBU)

Flow 1 2 2 4 4 5 6 6 6 7 7 9

Sam ple V8 V7 V7 V5 V5 V3B V3A V14 V14 V2 V10B V9

Lab. CGS CGS AL CGS AL CU CU CU AL CU CU AL

Ba 690 – 836 985 1102 845 608 699 454 948 1157 849  

Cs – –        1.2 –         1.6 – – –     0.4 – –   0.9

Co   51 –    40   38    36   53   52   56  52   38     44   35

Cr 109    72     90   41    60 424 487 518 613   24    123   97

Nb   74    84     84   73    76 – – –  47 – –   55

Ni   55    26    50   13    40 112 125 151 138   13    37   32

Rb   50    42    46   83    92   19   83   12  18   24    33   54

Sc – –    23 –    22 – – –   47 – –   24

Sr 767  901 1046 784 873 792 438 553 526 910 1050 787 

V 425 –    454 346 370 – – – 337 – – 365 

Y   28   29        26.6   31      30.6 – – –  16 – –   23

Zn   81   92  110 103 120 – – –  88 – – 116 

Zr 290 342  323 384 365 – – – 168 – – 241 

Hf – –          8.20 –         8.80 – – –      5.20 – –       6.50

Ta – –         6.69 –        5.31 – – –      3.73 – –      4.52

Th – –         7.05 –        7.72 – – –      3.86 – –      7.06

U – –        1.65 –       1.20 – – –     0.99 – –      1.65

Sc/Co – –          0.575 –       0.61 – – –     0.90 – –      0.69

Cr/Co – –        2.25 –       1.67    8.0   9.4   9.2 11.8     0.63     2.8      2.77

Rb/Nb       0.68      0.51        0.55     1.14       1.21 – – –    0.38 – –     0.98

Ba/Nb       9.32 –        9.95   13.49     14.50 – – –   9.66 – –   15.44

Zr/Nb       3.92     4.07        3.85     5.26      4.80 – – –   3.57 – –    4.38

Nb/U – –    50.9 –   63.3 – – – 47.5 – – 33.3

Th/Ta – –       1.05 –      1.45 – – –   1.03 – –    1.56

Th/Nb – –        0.084 –       0.102 – – –    0.082 – –     0.128

For ex pla na tions see Ta ble 3



tents of CaO and Sc are sig nif i cantly higher than ex pected for
prim i tive basanitic to picrobasaltic melts and to gether with the 
abun dance of pheno crysts sug gest that these lavas may rep re -
sent magma por tions con tain ing crys tals that were ac cu mu lated 
from a larger magma vol ume. Al though the real sit u a tion may
be sig nif i cantly more com pli cated and we do not know the ex -
act com po si tion of the magma to which the “cu mu late“ has
been added, our very rough cal cu la tion based on ma jor ox ides
seems to sup port this hy poth e sis (see Ta ble 6). As sum ing that
the cumulitic as sem blage con tained 0% of P2O5, the com po si -
tion of the most mafic ankaramite V14 can be ex plained as a
mix ture of 42.5 wt.% of tephritic magma sim i lar to V7 and
57.5 wt.% of a hy po thet i cal ultra mafic cu mu late con sist ing of
about 14 wt.% of ol iv ine and about 86 wt.% of “clino -
pyroxene”. The com po si tion of this hy po thet i cal “clino pyro -
xene” seems to be slightly out side of the compositional range
of an a lyzed clinopyroxenes from sam ple V14 with re spect to
Al2O3, TiO2 and Na2O. There fore, we sup pose that some sub or -
di nate amount of hornblende could have been orig i nally pres -
ent in the as sem blage. The dom i nance of clino pyroxene in the
cumulitic as sem blage com bined with the high min eral/melt
par ti tion co ef fi cients of Sc and Cr for clinopyroxene in ba saltic
melts ac count for the high Cr and Sc con cen tra tions in the
ankaramite. Also the strong de ple tion of  sam ple V14 in Cs, Rb, 
and slightly  smaller de ple tion in Ba, Nb, Zr, Hf and so on, sup -
ports the ac cu mu la tion of clinopyroxene ac com pa nied by some 
am phi bole.

The ac cu mu la tion hy poth e sis cor re sponds well to the rel a -
tive po si tion of both units within the suc ces sion. The
phenocryst- poor tephritoids were erupted ear lier than the picro -
basalts and prob a bly rep re sent magma por tions orig i nally
stored in the up per part of the magma res er voir. Picrobasalts
(PU) loaded with large crys tals of mafic min er als are later and
may rep re sent mo bi lized semi-cumulitic magma from the orig i -
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Fig. 8. Vari a tion of dif fer en ti a tion in dex (DI — based on CIPW norm), mg#, Ni, Cr, Al2O3 and Cpx-phenocryst con tent re lated
to the strati graphic po si tion of in di vid ual lavas in the suc ces sion

T a  b l e  5

Rare earth el e ment (REE) con tents (parts per mil lion, ppm), Sr- and
Nd-iso to pic ra tios (mea sured and ini tial), and K-Ar ages for rocks

rep re sent ing in di vid ual units of the Úhošt’ Hill lava suc ces sion

Unit TBU LB PU UBU

Flow 2 4 6 9

Sam ple V7 V5 V14 V9

La 71.6   81.1   41.5   58.0     

Ce 148.0    169.0      83.7   122.0       

Pr 16.8   19.2      9.23 14.1     

Nd 65.3   72.2      36.8  48.3     

Sm 10.9    11.6       7.7   9.35   

Eu  3.46  3.58   2.29  2.96   

Gd  8.14  8.51   5.20  7.90   

Tb 1.21  1.24    0.77  0.98   

Dy 6.04  6.28    4.26  5.25    

Ho 1.04   1.12      0.70   1.04     

Er 2.73   2.93     1.66   2.57     

Tm  0.37    0.40      0.21   0.29      

Yb 2.14    2.33       1.48   1.96       

Lu 0.30     0.33        0.20    0.31       

Lan/Ybn 22.56        23.47        18.90       19.95         

La/Nb 0.85      1.07        0.88      1.05        

Ba/La 11.7          13.6          10.9           14.6           
87Sr/86Sr 0.70423  0.70465  0.70413  0.70467  
143Nd/144Nd 0.512731 0.512683 0.512727 0.512683
87Sr/86Sri 0.70418  0.70452  0.70409  0.70459  
143Nd/144Nd i 0.512712 0.512665 0.512703 0.512661

Age  [Ma] 28.66 ±1.06 – 26.38 ±1.04 22.09 ±0.73



nal bot tom part of the cham ber. Erup tion of crys tal-rich
picrobasaltic magma with an in creased ef fec tive vis cos ity
could have been trig gered by re peated in va sion of other magma 
batches com ing from an other res er voir (sit u ated at greater
depth) into the tephritoid/picrobasalt magma res er voir. We
spec u late that the magma re spon si ble was the ba salt though as
yet no ev i dence has been found for mix ing be tween the
picrobasalts and the bas alts sensu stricto.

De spite the rather sub tle geo chem i cal dif fer ences be tween
the two magma groups, all the erupted magma por tions are of

roughly sim i lar geo chem i cal char ac ter ex pressed, for in stance,
in the REE and trace-el e ment nor mal iza tion spidergrams
(Figs. 9 and 10). Their over all chem i cal com po si tion fits the
compositional range of al ka line ba saltic rocks from the DHVC.

In the trace el e ment spidergram (Fig. 10) there are neg a -
tive peaks in Rb, K, and P. Light REEs are ap par ently more
en riched com pared with those el e ments that should dis play
sim i lar de grees of in com pat i bil ity. The pro nounced neg a tive
po tas sium anom aly is a com mon fea ture of mag mas from
nearly all the CiMACI Prov ince (e.g., Wedepohl and
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T a  b l e  6

Cal cu la tion test of the “cumulitic hy poth e sis“ for the or i gin of the ankaramite lava V14

V7 V14 Cu mu lus 0.575 ´ Cu mu lus+  
+ 0.425 ´ V7

“Cpx“ Ol 0.86 “Cpx“ + 0.14 Ol

SiO2 44.36 44.90 45.30 44.90 47.00 38.10 45.31

TiO2   3.96   2.79   1.92   2.79   2.25 0     1.92

Al2O3 14.00   9.49   6.13   9.47   7.20 0     6.13

Fe2O3* 13.80 11.88 10.45 11.87 – –   10.43

FeO* – – – –   7.96 18.67 –

MnO   0.21   0.17   0.15   0.17   0.17   0.30    0.15

MgO   6.89 12.78 17.17 12.80 13.17 42.93 17.17

CaO 12.33 15.39 17.67 15.40 20.75  0    17.67

Na2O   2.66   1.83   1.21   1.83   1.43 0    1.22

K2O   0.96   0.41   0.00   0.41 0  0   0   

P2O5   0.83   0.36   0.00   0.36 0  0   0   

To tal 100.00  100.00 100.00 100.00 100   100    100    

Cu mu lus — the hy po thet i cal bulk com po si tion of ac cu mu lated mafic pheno crysts added to tephrite V7 to shift the com -
po si tion to wards ankaramite V14; “Cpx“ — hy po thet i cal com po si tion of ac cu mu lated clinopyroxene in clud ing some
small amount of am phi bole; Ol — com po si tion of ol iv ine Fo84; * — to tal Fe as Fe2O3 or FeO

Fig. 9. Spidergram for REEs (rare earth el e ments) 
nor mal ized to av er age chondrite com po si tion

(nor mal iz ing val ues from Boynton, 1984)

Fig. 10. Spidergram for in com pat i ble el e ments 
con tents nor mal ized to prim i tive man tle 

(nor mal iz ing val ues from Sun and McDonough, 1989)



Baumann, 1999) and com monly is ex plained by the pres ence
of some re sid ual am phi bole in the man tle source re gion (e.g.,
Wil son and Downes, 1991, 2006). How ever, this geo chem i -
cal fea ture may sim ply re flect the source de ple tion in K rel a -
tive to the HFSE and REE (Lustrino and Wil son, 2007). Such
a rel a tive de ple tion in K and some other LIL el e ments, con -
trast ing with the strong en rich ment in HFS el e ments, may be
caused by the sig nif i cant de coup ling of those two groups of
in com pat i ble el e ments dur ing older subduction-re lated pro -
cesses. The rel a tive de ple tion in P may be one of the source
char ac ter is tics. More over, the most pro nounced neg a tive
phos pho rus anom aly in the ankaramitic lavas of the PU is ap -
par ently en hanced by the ac cu mu la tion of clinopyroxene con -
tain ing some Sr and Nd but vir tu ally no P. 

Many rocks of the DHVC could have lost part of the orig i -
nal con tent of K due to al ter ation and analcimization of leu cite.
As the Úhošï Hill lavas do not dis play any ev i dence for the for -
mer pres ence of leu cite, any sig nif i cant post-mag matic changes 
in al kali abun dances can not be de duced ex cept in the case of
the more al tered autoclastic brec cias.   

In terms of Sr and Nd iso to pic com po si tions, the lavas un -
der study plot within the range of the CiMACI Prov ince vol ca -
nic rocks. They are, how ever, among sam ples plot ting at the
great est dis tance from the “Eu ro pean Asthenospheric Res er -
voir” (EAR) as de fined by Cebri´ and Wil son (1995), i.e. on
the trend to wards en riched man tle com po nents EM 1 and EM 2 
(cf. Lustrino and Wil son, 2007) in close prox im ity to the Bulk
Sil i cate Earth (BSE, see Fig. 11). 

Vol ca nic rocks from the Èeské støedohoøí Vol ca nic Com -
plex with iso to pic com po si tions less shifted to wards the “en -
riched man tle” (Fig. 11) have been in ter preted as af fected by
crustal con tam i na tion (Cajz et al., 1999; Ulrych et al., 2002).
How ever, con tam i na tion could hardly be the dom i nant pro -
cess in mag mas from our lo cal ity where the pro nounced shift
is typ i cal for all lavas rang ing in com po si tion from picrobasalt 
through tephrite/basanite to ba salt. The Nb/U ra tio that does
not vary with melt frac tion dur ing par tial melt ing but is highly 
sen si tive to con tam i na tion by con ti nen tal crust cor re sponds
well with val ues from oce anic bas alts in clud ing MORBs (e.g., 
Hofmann, 2002). There fore we in ter pret the trace el e ment
pat tern as well as the iso to pic com po si tion of the Úhošï lavas
pri mar ily as a source sig na ture with pos si ble but hardly de -
mon stra ble mod i fi ca tion by pro cesses of di rect crustal con -
tam i na tion. 

Com pared with the TBU and PU rocks, the bas alts (LB and
UBU) dis play a less pro nounced neg a tive K-anom aly in the
spidergram (Fig. 10), higher La/Nb, Ba/Nb Th/Ta (1.45–156)
and higher 87Sr/86Sr as well as lower 143Nd/144Nd (Ta bles 4
and 5). These sub tle dif fer ences, sug gest ing that the basanitic
and ba saltic mag mas evolved sep a rately, may be caused by
more sig nif i cant ad di tion of geochemically evolved ma te rial
into bas alts, ei ther by en hanced in volve ment of en riched man -
tle com po nents dur ing melt ing (in clud ing the older en riched
sub con ti nen tal litho sphere) or by more sig nif i cant con tam i na -
tion with con ti nen tal crust. 

CONCLUSIONS

1. The lava se quence crop ping out on Úhošï Hill shows
com plex compositional changes through time from the low er -
most tephrites via ba salt and picrobasalts to the up per most
bas alts. 

2. Such a suc ces sion may re flect ex haust ion of a com plex
magma res er voir or, more prob a bly, of two in de pend ent res er -
voirs at tached to a sin gle con duit system. 

3. Picrobasalts (ankaramites) un usu ally high in CaO and Sc
prob a bly rep re sent magma por tions af fected by par tial ac cu mu -
la tion of clinopyroxene and ol iv ine (+ some am phi bole?)
pheno crysts (i.e., they orig i nated as a semi-cu mu late) and not
the near-primary melt.  

4. The iso to pic com po si tion of the lava se quence is close to
the Bulk Sil i cate Earth. This may be due to the mixed na ture of
the man tle source de rived from the Eu ro pean Asthenospheric
Res er voir through ad di tion of sig nif i cant amounts of com po -
nents sim i lar to En riched Man tle (EM 1 and EM 2).
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Fig. 11. Sr and Nd iso to pic ra tios of the lavas stud ied plot ted onto
a di a gram of man tle com po nents (Zindler and Hart, 1986)

Ex tent of the lim ited data avail able from the DHVC (Vokurka, 1997) and
the main petrographic suites from the neigh bour ing Èeské støedohoøí Vol -
ca nic Com plex (Ulrych et al., 2002) are plot ted for com par i son; DMM —
de pleted MORB man tle com po nent, EM 1 — en riched man tle type 1, EM 2 
— en riched man tle type 2, HIMU — high-ì man tle com po nent, PREMA
— prev a lent man tle 



5. There was ei ther some dif fer ence in the source com po si -
tion for bas alts (LB+UBU) com pared to tephrites/basanites
(TBU) and picrobasalts (PU), or the bas alts are more mod i fied
by in volve ment of sub con ti nen tal litho sphere or con tam i nation 
with crustal material.
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