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Characteristic of phenocryst assemblages in Sheinovets caldera
rhyolite lava, Eastern Rhodopes, Bulgaria

Rositsa Ivanova

Abstract. Phenocrysts assemblages from the Sheinovets caldera rhyolite bodies were studied. Although all
the samples are chemically undistinguishable, four phenocryst assemblages were detected: plagioclase+
biotite+sanidine+amphibole, plagioclasetbiotite, sanidine+plagioclase+biotitetquartz and plagioclase+
biotite+clinopyroxene+sanidine. Differences in crystallization history of the rhyolites were proposed to
explain observed variety in phenocrysts assemblages. The presence of amphibole phenocrysts indicates
magma storage within amphibole stability field and rapid ascent preventing amphibole from breaking down.
The existence of another magma holding reservoir at shallow levels or shallowing of the magma reservoir and
ascending of its upper parts above the amphibole stability field is supposed to explain features of
plagioclasetbiotite containing rhyolites. The small amount of phenocrysts in these bodies is thought to
suggest near liquidus temperature and non-eutectic crystallization of the erupting magma. The lack of quartz
and sanidine phenocrysts can also be due to the longer nucleation-lag times in rhyolitic melts. Observed zones
of sanidine (Orgg.199) in some plagioclase crystals, reflecting significant increase in potassium activity, are
thought to result from contamination by high-potassium magma or assimilation of K-rich wall rock material.
Quartz+sanidine-containing assemblage can be due to crystallization at low pressure resulting from slow
magma ascent accompanied by significant cooling. Pyroxene-containing association was stable in deeper,
probably both hotter and drier parts of the reservoir where significant contamination by less evolved magma
might have occurred. Processes of magma mixing can also explain the observed internal dissolution surfaces
associated with compositional amplitudes of over 20% An in pyroxene-accompanying plagioclase
phenocrysts.
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Pocuna WMpBanoBa. XapakTepucTHKa Ha MNOpPQUPHUTE AacOMAIMA B PHOJIUTHTE OT
IllefinoBenkata kannepa, Usrounu Pononn, buarapus

Pe3tome. V3cnenpanu ca nopdupuure acoumanuu B puonutute oT llleitHoBerkara kanuepa. Benpexu ue
BCHYKHM 00pa3ly ca TBBPAC CXOAHHM MO ChCTaB, YCTAaHOBEHH Ca YETHPU AaCOLMAIMU OT (EHOKPUCTAIIM:
TUIarHOKIIa3+0HOTUTHcaHUIMHaM(PUOO0I, TMIarHoKIa3+OMOTHT, CAHUIUHHIUIArHOKIa3+0HOTUTHKBApIl |
TUIarMoK1a3+ONOTUT+HKITHHOITMPOKCEHtCaHUUH. BeposTHa mpuumHa 3a HabII0JaBaHOTO pasHOOOpasHe B
nophUpPHUTE aCOLMALNK Ca PA3NUYUs B KPUCTANM3ALMOHHATa UCTOPHUS HA JIaBOBUTE cKamu. IIpuchcTBHETO
Ha am(duboJ e MHAMKAUMs 3a aKyMyJlauus Ha MarMa B oOiactra Ha cTabwiHocT Ha ampubona u OBpP30
H3IWTaHe, KOETO II03BOJISIBA IOSBATa My B IPHIIOBBPXHOCTHH ycioBHs. ChINECTBYBaHE Ha MO-TIHTKO
pa3IoIoKeHa KaMepa WM M3[MraHe Ha TOPHUTE YacTH Ha MarMeHaTa KaMepa Haj 00JacTTa Ha CTaOMIIHOCT
Ha aMm¢uboma Moxe na OOsICHH JIMIcaTta My B TejlaTa, ChIBPIKAIIM CaMo IUIaTHOKJIA3 U OMOTHT. MaikoTto
KOJIMYECTBO Ha IIOPYUPUTE B TAX BEPOSTHO CE JBIDKH Ha JIMKBUIYCHA KPHCTATU3AINS Jlajied OT eBTEKTHKATA.
JluncaTa Ha KBapI] M CaHHIMH MOJXKE JIa € CJISJICTBHE U Ha 3a0aBEHOTO 3apOINIIO00pa3yBaHe BB BUCKO3HUTE
puonuToBU TOMMWIKH. 30HUTE OT caHUAUH (Orgg_jgp), YCTAHOBEHH B HIKOM IUIArMOKJIA30BU KPUCTAIH, OTpa-
34BaT MEPHOIM HA 3HAYUTETHO YyBEIMYEHHE B AaKTUBHOCTTA Ha Kalus, MPUYHHEHO OTCMECBAHE C
yATpaKanueBa Marma WM acUMMJIAIMs Ha OoraT Ha Kaauil MaTepual OT CTEHWTE Ha MarMeHara Kamepa.
Aconpanuy C yJacTHe Ha KBapIl M CAHHAWH BBH3HMKBAT NPH KPUCTANHM3alWsA NPH HUCKM HAISTaHUS, B
pesynTat Ha 0aBHO H3OWraHe HA Marmara, NPHAPYXKEHO OT 3HAYNTENTHO OXJaxgaHe. IIupoxceH-
ChIbpIKaIaTa aconuanus ¢ Omia crabWiIHa B MO-IBIOOKUTE M CyXH YacTH Ha KaMmepaTa, KOHTaMHHHPAHH
3HAQUUTENHO OT IT0-0a3WYHM TOMWIKH. [Ipomecm Ha MarMeHO cMecBaHe OOSCHSABAT M HAOIIOJaBaHHUTE B
IUIarMOKJIa30BUTE MOP(UPH OT Ta3W acolMalys MOBbPXHUHYU HAa Pa3TBapsiHE U CHINECTBEHH BapHaluu (Haz
20% An) B cbcTaBa.

Introduction the Sheinovets caldera and petrology of

olcanic products is reported in Ivanova
Domes and dykes of high-silica rhyolites (72- Z]2005). procu P vanov

79% Si0,) are exposed within the area between
Malko Gradishte, Mezek and Vulche Pole
villages, approximately 10 km southwest of the
town of Svilengrad (Ivanov, 1960; Yanev et al.,
1983; Yanev, 1998; Ivanova, 2005). Built up
mainly of pyroclastic flow deposits the area is
thought to represent a fragment of a large
Paleogene caldera, called Sheinovets (Yanev,
1995), lately uplifted as an element of the
younger Ibredjeck horst. Strongly altered
subvolcanic rhyolite dykes and sill-like bodies
are emplaced within the coarse grained
Priabonian sediments exposed in the caldera
rim (Fig. 1). Regarding their K-Ar age
(Ivanova et al., 2001) two groups of rhyolite
bodies can be distinguished: Priabonian,
including both domes and dykes exposed to the
south and southeast of Malko Gradishte
village, and Rupelian — all bodies and dykes
from the southern parts of the area. More
detailed information on geological setting of

The studied rhyolite lava is scarcely
porphyritic, pink or gray in colour. Normally
observed phenocryst contents range from less
than 5% to nearly 30-35%. Four phenocryst
assemblages were detected:

plagioclase+biotite+sanidine+amphibole
(found in phenocrysts-rich rhyolite blocks
within the pyroclastic section),
plagioclasetbiotite,
sanidine+plagioclase+biotite+quartz and
plagioclasetbiotite+clinopyroxene+sanidine.

This paper focuses on the features of
phenocrysts and their associations since they
record variations in 7-P-time paths of the rising
separate magma batches. Phenocryst compo-
sition was obtained wusing JEOL 733
Superprobe at the Geological Institute (by Tz.
Iliev) and Cameca SX 100 electron probe
microanalyser at the Institute of Petrology,
Vienna University.
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Fig. 1. Simplified geological map of the Sheinovets caldera (modified from Ivanova et al., 2000).
Phenocrysts and accessories present in the rhyolite bodies are also shown (Pl-plagioclase, Bt-biotite, Kfs-
sanidine, Hb-amphibole, Px-pyroxene, Q-quartz, Mt-magnetite, Zc-zircon, Ap-apatite, Tit-titanite). K-Ar age

(in Ma) is after Ivanova et al., (2001)

Qur. 1. Cxemarnyna kapta Ha IlleiinoBerkara kanmepa (mo Ivanova et al.,, 2000). YcraHoBenute B
OTJICJIHUTE PHOJMTOBU Tela HNOPGUPH M aKIECOPHHM MHUHEpaiM Cbiio ca mokasanu (Pl-miarnmokmas, Bt-
ounotut, Kfs-cannnun, Hb-amdpudon, CPx-knuHOMIMpoKceH, Q-kBapi, Mt-MarHeTuT, Zc-IupKoH, Ap-amaTur,
Tit-turanur). K-Ar Bp3pact (B8 Ma) e no Ivanova et al., (2001)

Phenocryst characteristic

Plagioclase+biotite+sanidine+amphibole
association

As it was mentioned above, this association is
found in large rhyolite blocks that were ejected
during explosive phases preceding dome
activity and are, probably, parts of bodies
solidified at some depth below the surface.
This resulted both in phenocrysts abundance
(30-35%) and larger sizes of the crystals.

The main phenocryst of plagioclase is
occurring as large (up to 5 mm) euhedral to
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subhedral crystals, sometimes forming crystal
clots together with biotite and amphibole. The
most of plagioclase crystals show zonal tex-
tures having slightly resorbed cores (Anss.s;)
mantled by oscillatory-zoned peripheries (Anygs).
The composition of the outermost surface is
Anggs; (Table 1, Fig. 2A). Large (up to 3-4
mm) coarse sieve textured crystals (Ans;),
showing no zonality neither compositional
variation, are also present. Large (up to 6 mm)
sanidine phenocrysts are very common. They
are euhedral to subhedral, often twinned.
Normally obtained orthoclase contents are Or;;_7,.
Values of Org.jo0 Were also detected in the



Table 1. Representative feldspar compositions from the Sheinovets caldera rhyolites
Tabnuua 1. Ilpeocmagumennu ananusu na gerdwnamu om puorumume om Lleiinoseykama xanoepa

Plagioclase+biotite+sanidinet+amphibole association Plagioclasexbiotite association

Sample 158 (rhyolite lithoclasts) | 75% 1 (rhyolite dome)

PlinHb| Pl-c  Plm; Plm, Plr [ Plc  Plr  San | San | Plc  Pl-m _ Plr,  Pln

Si0, 6137 56.87 59.44 5510 60.54 60.48 60.66 6680 6244 57.65 66.78 60.28 60.97

TiO, nd  0.01 0.01 n.d. 0.01 n.d. nd. 0.03 0.04  0.02 0.01 0.04 n.d.
AlLOs 2435 2720 2570 2846 2513 2503 2490 1821 19.12 2626 17.48 2450 24.06
FeO 036 029 022 019 023 0.19 023 0.02 0.09 027 0.02 0.18 0.20
MnO nd.  0.02 0.02 n.d. 0.02 nd 002 nd n.d. 0.03 0.02 n.d. 0.01
MgO 0.02  0.01 0.02 n.d. 0.02  0.02 0.02 0.01 n.d. 0.02 n.d. 0.01 n.d.
CaO 592 935 7.40 10.81 6.60 6.63 659 0.01 0.16 8.33 0.05 6.30 5.63
Na,O 736 574  6.58 5.03 690 697 693 0.02 236 648 0.04 743 7.64
K,O 0.87 0.42 0.63 030  0.78 0.76  0.78 1593 11.68 0.49 1527  0.69 0.85

Total 100.25 99.91 100.02 99.89 100.23 100.08 100.13 101.03  95.89 99.55 99.67 99.43 99.36
An 292 46.2 369 533 33.0 329 329 0.1 09 404 0.3 30.6 27.5
Ab 65.7 51.3 594 449 624 626 625 0.2 233 56.8 04 654 67.6
Or 5.1 2.4 3.7 1.7 4.6 4.5 4.6 99.8 75.8 2.8 99.3 4.0 4.9

Plagioclasexbiotite association

Sample | 169 (rhyolite dome) 317 (perlite) 365 (rhyolite)

Pl.c Pllm  Plr Pl-c Pl-r | Plc; | Pl-c, | Pl-m [ Plr Plc | Plc | Plm, [ Pl-m,

Si0, 57.80 5927 6993 61.19 62.63 5256 48.87 59.13 62.55 61.19 5798 59.90 58.58
TiO, 0.02 0.02 0.03 nd. 0.03 0.01 0.02 0.01 0.01 nd n.d. 0.04 0.02
ALO; 2229 2097 1529 24.68 2384 30.18 3295 2639 2371 24.68 26.00 25.10 25.96
FeO 022 021 0.15 0.19 0.19 026 0.26 020 0.18 0.19 021 0.23 0.24
MnO n.d. 0.01 0.06 nd. 0.01 0.03 0.01 n.d. nd. nd 001 0.01 n.d.
MgO 0.01 0.01 n.d. nd. nd. 0.03 0.01 0.01 0.02 nd.  0.02 0.02 n.d.

CaO 775  6.68  3.79 6.06 525 12.86 1592 812 510 6.06 796 @ 6.53 7.62
Na,O 6.40 7.05 @ 5.62 734 774 394 237 656 7.6 734 645 698 6.65
K,0 044 051 0.60 0.68 088 0.18 0.08 0.47 140 0.68 049 071 0.57
Total 9493 94.73 9547 100.14 100.57 100.05 100.49 100.89 100.13 100.14 99.12 99.52  99.64
An 39.0 333 258 30,1 259  63.6 784 395 259 301 394 326 37.5
Ab 58.3 63.6 69.3 65.9  69.0 353 21.1 57.8 65.7 659 57.7 63.1 59.2
Or 2.6 3.0 4.9 4.0 5.2 1.0 0.5 2.7 8.4 4.0 2.9 4.2 33
Plagioclasetbiotite association Sanidine+plagioclase+biotite+quartz
Sample 365 (rhyolite) 63 (perlite) 89 (rhyolite dome)
Pl-r Pl-c Pl-r Pl-c Pl-m Pl-r Pl-c Pl-m; Pl-m, Pl-r |PlinSan| San-c  San-r

Si0, 59.68 61.26 60.49 5559 6046 60.29 63.54 63.44 64.05 6337 63.68 64.69 65.03

TiO, n.d. nd. nd. 002 0.01 0.02  nd. 0.01 n.d. n.d. n.d. 0.01 0.03
ALO3 25.15 2420 2443 2758 24.61 2486 22.55 2259 2252 2294 22.64 1886 1892
FeO 0.21 0.19 023 029 022 022 0.11 0.12 0.11 0.15 0.12  0.09 0.09

MnO 0.02 0.02 nd. n.d. n.d. 0.03 0.0l n.d. n.d. 0.02 0.01 n.d. n.d.
MgO 0.02 nd. 0.0l n.d. n.d. 0.01 n.d. n.d. n.d. n.d. n.d. n.d. 0.03

CaO 6.51 573  6.10 9.71 6.12 630 3.51 356 3.28 3.78 3.66 0.14 0.13
Na,O 7.08 746 731 5.48 7.35 7.18 8.64 855 8.63 8.38 8.63 3.21 3.13
K>,O 0.66 085 077 039 0.74 0.68 1.05 0.96 1.00 0.94 1.01  11.55 11.74
Total 99.34  99.72 9934 99.07 99.51 99.59 9941 99.23 99.59 99.58 99.75 98.55 99.10
An 324 28.3  30.1 483 30.1 314 172 17.6 16.3 18.8 17.9 0.7 0.7
Ab 63.7 66.7 653 494 655 64.6 76.6 76.7 77.7 756 763 29.5 28.7
Or 39 5.0 4.5 2.3 4.3 4.0 6.2 5.7 5.9 5.6 5.8  69.8 70.7

* — strongly altered rhyolite dyke from the caldera rim; ¢ — core, m — medial zones, r — rim; * — cuiIHO
[POMEHEHA PHOJIMTOBA JlaiiKa OT paMKaTa Ha KaJiepara; ¢ — spo, M — MEXIUHHH 30HH, I — niepudepust
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A + PI+Bt+San+Hb association
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® Rhyolite
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B A San+PI+Bt+Q association
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Fig. 2. Range in composition of feldspars from Sheinovets caldera rhyolites plotted in An-Ab-Or diagram.
The isotherms (1 kbar) shown are after Elkins & Grove (1990) and Wen & Nekvasil (1994). P1 - plagioclase;
Bt - biotite; San - sanidine; Hb - amphibole; Q - quartz; Cpx - clinopyroxene

Qur. 2. Bapuauuu B cbcraBa Ha Qengmmatute B puonutute oT llleiiHoBernkara kanpepa. [lokxasaHure
nsorepmu (1 kbar) ca mo Elkins & Grove (1990) u Wen & Nekvasil (1994). Pl — nnaruoknas, Bt — 6uotur,
San — canuaun, Hb — amdubon, Q — kBapiy, Cpx — KIMHOMUPOKCEH

peripheries of feldspars having strongly resor-
bed cores and forming a crystal clot. Fragments
of plagioclase and sanidine are very abundant
as both large subhedral fragments of broken
crystals and tiny angular splinters, derived
from strongly cracked crystals, can be seen.
Biotite (Table 2) forms small (<1 mm) flakes
dispersed in the groundmass or included in the
clots. Amphibole (magnesiohornblende, accor-
ding to the classification of Leake et al., 1997,
Table 3) occurs as large (2-3 mm) euhedral to
subhedral crystals, sometimes grown over
biotite, or smaller anhedral grains within the
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clots. The accessory minerals detected are
magnetite, titanite and zircon. The groundmass
is felsitic enriched in feldspar and biotite
microliths.

Amphibole must also have been present in
the altered subvolcanic bodies from the Shei-
noevets caldera rim as indicated by the well-
preserved pseudomorphic opacite rims. Devel-
opment of reaction rims over biotite and
amphibole grains and complete decomposition
of amphibole crystals had occurred prior to
final magma emplacement. Plagioclase was
replaced by calcite, albite and clay minerals
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Table 3. Composition of amphibole and pyroxene identified in the Sheinovets caldera rhyolites
Tabnuua 3. Cocmas na amgpubon u nupoxcen, ycmanosenu ¢ puorumume om Llleiinoseyxama xandepa

Hb (sample 158) Cpx (sample 254)

SiO, 48.06 46.08 46.86 SiO, 524 518 52.05
TiO, 0.99 1.41 1.47 TiO, 0.14 023 0.17
ALO; 6.26 8.69 7.55  AlLO, 0.93 145 1.14

Cr,0; 0.01 nd 0.01
FeO 13.50 1435  14.00 FeO 838  9.58 9.15
MnO 1.08 0.79 0.86 MnO 124 1.09 1.15
MgO 1410 1275  13.57 MgO 139 126 13.28
CaO 1136 1138 1130 CaO 225 229 2274
Na,O 1.23 1.52 141 Na,O 042 049 0.46
K20 0.53 0.93 0.74 XK,0 nd.  nd 0.01
Total 97.10 9790 97.76 Total 100. 100.  100.16
Si 6.99 6.73 6.81 Si* 195 194 1.94
VAl 1.01 1.27 120 Yal 0.04  0.06 0.05
VIAL 0.06 0.22 0.10 Fe* 0.01 - 0.01
Ti 0.11 0.16 0.16 AIV! - - -
Fe** 0.75 0.58 0.73 Fe* 0.07  0.08 0.08
Mg 3.06 2.77 294 Ti* - 001 0.01
Fe?* 0.89 1.17 0.98 Mg*" 0.78  0.70 0.74
Mn 0.13 0.10 0.11 Fe**M1) 0.15 021 0.18
Ca 1.77 1.78 1.76 Fe**(M2) 0.03 0.0l 0.02
Na (M4) 0.23 0.22 024 Mn* 0.04  0.03 0.04
Na (A) 0.35 0.21 040 Ca* 0.90  0.92 0.91
K 0.10 0.17 0.14 Na' 0.03  0.04 0.03
Mg/Fe 0.77 0.70 0.75 mg 0.81 0.77 0.79

during later hydrothermal processes. The only
preserved components of the original pheno-
cryst association are sanidine, rounded quartz
and some biotite showing lower Mg/Mg+Fe
ratio.

Plagioclaseztbiotite association

This is the most common association observed
in most of the Sheinovets caldera rhyolite
bodies, both domes and dykes. Phenocryst
contents are significantly lower, about 10% or
even less than 5%. The plagioclase is always
prevailing over biotite and usually occurs as
cracked euhedral to subhedral crystals, less
than 1 mm across. They show normal or
reverse zoning with variation in An contents
from Anj; to Any; (Table 1, Figs. 2A and 3A).
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Larger plagioclase crystals (more than 1 mm in
length) are also present in some of the samples
and remnants of more basic plagioclase can be
arrested in their central parts (Figs. 2A and
3B). Observed cores display various degree of
resorption in different samples and range in
composition between Anzy and Ansg. Zones,
composed by almost pure potassium feldspar
(Orgg4) were detected in some of the
plagioclase phenocrysts in one body. They can
envelope the resorbed cores (Angy-Any), or to

build the central parts of the smaller
phenocrysts (Fig. 3C). The same sample
contains  sanidine  microliths  (Orgy.s5).

Relatively large (>1mm) euhedral to subhedral
coarse sieve-textured plagioclase phenocrysts
displaying no zonal textures and only a weak



Fig. 3. Back-scattered electron images of different types of plagioclase phenocrysts from Sheinovets caldera
rhyolites. a — c, plagioclasetbiotite association: a) euhedral slightly zonal plagioclase phenocrysts; b) sieve-
textured fragment and euhedral zonal plagioclase crystal in perlite; c¢) crystal clot composed by biotite and
plagioclase phenocrysts. K-feldspar builds cores of the smaller crystals and distinct zones in larger ones; d)
pyroxene-containing association with strongly zonal plagioclase phenocrysts. Op, opal-CT

@ur. 3. U300paxeHuss B pexuM Ha OOPAaTHOOTPA3CHH CJCKTPOHH HA PA3IMYHH THIIOBE IUIATHOKIIA30BU
nop¢upu B LlIeHHOBELKUTE PHOJUTH. & — C: ACOLMALNS IIArHOKIA3+0HOTHT: a) HIMOMOP(HH ILIArHOKIIa-
30BH (PCHOKPHCTAIN ChC CIab0 M3pa3eHa 30HAJTHOCT; b) GparMeHTH ChC CUTOBHACH CTPOSK U aBTOMOPGHHU
30HAIHM [UIArHOKJIA30BU MOPQUPH B MEPIHT; C) [JIOMEpPOnophup, U3rpajeH OT OHOTUT U IIArHOKIAa3.
IleHTpalHUTE y4acThIM Ha MO-APeOHHUTE IUIArMOKIa30BH KPUCTAIYETa U SICHO 000COOCHH 30HU B T0-CIPHUTE
ca oT kanueB ¢enammar; d) MUPOKCEH-ChABPIKAIIA aCOLUALNS - IUIATHOKIIA3H ChC CHIIHO M3Pa3eH 30HAJICH
crpoex. Op — onan-CT

variation in composition are also present in  plagioclase phenocrysts are also very abundant.
some of the samples (Fig. 3B). Biotite occurs They vary from relatively large (0.6 mm)
as fine flakes (<0.8 mm) as the range in its  subhedral fragments from coarse sieve-textured
composition (Table 2) is shown in Fig. 4. The crystals to extremely fine splinters.

accessory minerals detected are magnetite, The groundmass is cryptocrystalline or
apatite, zircon and titanite. Fragments of microfelsitic (built up of feldspar-quartz
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Fig. 4. a) Systematic of biotites from the Sheinovets caldera rhyolites; b) variation of biotite chemistry with
regards to the activity of HyO and K,0 (according to Ivanov, 1974); al=100xAl/(Al+Si+Ti+Mn+Mg+Fey),
=100xFe,/(Fe,,+tMg). Symbols are the same as in Fig. 2

@ur. 4. a) Knacudpuxanus va 6norutnte B puonutute ot llleiinoBerkara kanaepa; b) Bapuanuu B cbcraBa

Ha Owotuta B kKoopmuHat WH,O-pK,O (mo Ivanov,

f=100xFe/(Fe+Mg). CumBonure ca kaTo Ha ¢ur. 2

aggregate sometimes enclosing single spheru-
lites), rarely spherulitic. Perlite varieties have
glassy groundmass locally rich in plagioclase
microliths.

Sanidine+plagioclase+biotite+quartz
association

This phenocryst association is found in two
bodies only in quantities not preceeding 10-
12%. Sanidine (Or;,.45) is the main phenocryst
occurring as large (2 mm) euhedral to
subhedral simply twinned crystals. Plagioclase
is also abundant. It forms smaller (1 mm)
euhedral or subhedral crystals showing weak
normal or reverse zoning and varying in
composition between Any, and Anj, (Table 1,
Fig. 2B). Biotite is also present and according
to the diagrams shown on Fig. 4 it has lower
Mg/Mg+Fe,, ratio and seems to have been
formed at lower temperature but higher water
activity, which is also typical of the altered
quartz-bearing rhyolites from the caldera rim.
Quartz occurs as fine (<0.5-1 mm) well-
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1974); al=100xAl/(Al+Si+Ti+Mn+Mg+Fey),

rounded crystals showing resorbed and locally
deeply embayed margins. Zircon and tiny
magnetite are very rare but were also detected.

The ground mass is granophyric, better
crystallized compared with quartz-free samples
and enriched in anhedral quartz grains.

In these two bodies only, the plagioclase
and sanidine phenocrysts were found to be in
equilibrium and temperatures of 660 and 675°C
(at 1 kbar) were obtained after applying the
two-feldspar thermometer of Fuhrman and
Lindsley (1988). Temperatures below 700°C
are indicated also by the isotherms plotted in
Fig. 2. Sanidine present in the other asso-
ciations is not in equilibrium with associated
plagioclases and temperatures could not be
calculated.

Plagioclase+biotite+clinopyroxene+sanid
ine association

Clinopyroxene containing association is
detected in a rich in phenocrysts (30%) sample,
collected from one of the dykes (Fig. 1).



Plagioclase (less than 1 mm across) is still the
most abundant phenocryst often forming
crystal clots that can be both free of mafic
minerals and biotite, pyroxene and magnetite
bearing. Plagioclase forms euhedral to anhedral
crystals showing clear zonal texture. Normally
two plagioclase phases (Ang and Any; in a case
of biotite+pyroxene+magnetite containing clot
and Angs and Ans, - in an only plagioclase
containing clot, Fig. 3D, Table 1) build the
cores. They are strongly resorbed and mantled
by oscillatory-zoned peripheries ranging in
composition between Angs (or Any if the core
is of bitovnite) and Ansz,. The outermost rim is
of andesine (Ansg.isgs). The smaller euhedral
plagioclase crystals from the clots do not have
resorbed cores but display reverse zoning as
obtained An contents vary from Ans; to Angs.
Separate plagioclases are also present. They are
mainly euhedral to subhedral coarse sieve
textured crystals showing no zonal textures and
only a weak variation in composition (Anzg.3;).
Subhedral fragments sometimes as large as 2
mm of both zonal and sieve-textured
plagioclase crystals are extremely abundant.
Biotite phenocrysts are also common, as flakes
not larger than 1 mm, participating in the
crystal clots or dispersed in the groundmass.
There is some variation in its composition, as
the biotite from the pyroxene containing clots
seems to be enriched in VAl (Fig. 4, Table 2).
Pyroxene (Woyg46Engg.37, Table 3) occurs as
small anhedral grains (less than 1 mm) within
the crystal clots or, very rare, singly as large
(up to 2.5 mm) euhedral crystals. Separate
subhedral sanidine crystals (Org) were also
detected. Magnetite and less apatite are also
present. The ground mass is cryptocrystalline.

Discussion

Observed variety in texture and phenocryst
associations of Sheinovets caldera lava rocks
suggests differences in crystallization history
of chemically undistinguishable magma
batches successively derived (over a period of

about 3 Ma, Fig. 1) from different levels of one
reservoir showing gradients in volatile content,
temperature, crystal assemblage and degree of
contamination by less evolved magma
(Ivanova, 2005).

The presence of amphibole phenocrysts in
some of the samples indicates magma storage
within the amphibole stability field. In the area
of Sheinovets caldera that could be the upper
water enriched parts of the chamber, located at
depth of about 7 km below the surface and
pressure of nearly 2 kbar, as calculated using
Al content in coexisting plagioclase and
amphibole (Ivanova, 2005). Reaching that
region the magma had already contained
plagioclase and biotite crystals. After some
time of amphibole dominated crystallization
the magma wunderwent sufficient decom-
pression that might have resulted in formation
of coarse sieve-textured plagioclase crystals
(Nielson, Montana, 1992). Final solidification
occurred at shallower depths above the
amphibole stability field (as indicated by the
lack of amphibole microliths in the ground-
mass) after rapid ascent event prevented
amphibole from breaking down. Later these
bodies were destructed and large fragments
erupted during paroxysmal stages of the
explosive activity. Magma batches emplaced
within the rim of the caldera also were derived
from the upper amphibole-bearing parts of the
reservoir but they suffered much slower ascent
accompanied by significant cooling and loss of
volatiles resulting in decomposition of
amphibole and partly of Dbiotite and
crystallization of quartz+sanidine.

Solid-state amphibole dehydration occurs
in response to the decompression driven escape
of water from coexisting melt during very slow
ascent or long storage at shallower levels
(Rutherford, Hill, 1993). Thus, the existence of
another magma holding reservoir at shallow
levels or, alternatively, shallowing of the
magma reservoir and ascending of its upper
parts above the amphibole stability field (not
deeper than about 4 km according to the

100



available data on the amphibole stability,
Rutherford, Hill, 1993; Blundy, Cashman,
2001) could be supposed to explain features of
the most typically observed in the area
plagioclasetbiotite containing rhyolites. Ca-
rich cores (up to Ansg) preserved in some of the
plagioclase phenocrysts are remnants of incom-
pletely resorbed crystal population originally
crystallized in contaminated magma in deeper
levels. The small amount of phenocrysts in
these bodies it though to suggests near liquidus
temperature of erupting magma (Eichelberger
et al., 1986) resulting from rapid ascent from
relatively small depth. The lack of quartz and
sanidine phenocrysts then can be due to both
non-eutectic crystallization and longer nucle-
ation-lag times in rhyolitic melts (Naney,
Swanson, 1980; Swanson et al., 1989).
Additionally, water may also inhibit quartz
nucleation by depolymerizing the melt
(Marakushev, 1978; Brugger et al., 2003).

Observed zones of almost pure potassium
feldspar in plagioclase phenocrysts from some
of the samples record periods of significant
increase of potassium activity that can result
from contamination by high-potassium magma
or, more probably, from assimilation of rich in
K-containing minerals (K-feldspar, mica) wall
rock material.

As it was mentioned above, quartz+sani-
dine-containing bodies with abundant ground-
mass quartz can be due to crystallization at
very low pressures resulting from slow magma
ascent accompanied by significant cooling
(Blundy, Cashman, 2001).

Pyroxene-containing crystal association
was stable in deeper, probably both hotter and
drier parts of the reservoir where significant
contamination by more mafic magma must
have occurred as recorded in the plagioclase
phenocrysts. Observed internal dissolution sur-
faces associated with compositional amplitudes
of over 20% An are thought to reflect
significant disturbance of the crystallizing
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system caused by magma mixing process. The
complex zonation patterns detected in larger
plagioclase phenocrysts can be explained with
crystal transfer between less evolved magma
coming from depth (Angsgs), host rhyolite
(Ans, and more sodium-rich compositions) and
hybrid magma batches (Ans.46) that must have
existed for some time in the bottom parts of the
chamber according to ideas of Tepley et al.
(1999). Observed differences in biotite chemi-
stry (Fig. 4) could also be due to the
crystallization from chemically distinct magma
batches.

Conclusions

Two levels of magma storage and differences
in magma ascent rate can explain observed
variety in phenocrysts assemblages detected in
the Sheinovets caldera rhyolites. Both
plagioclase+biotite and sanidine+quartz (+am-
phibole) containing lava rocks erupted during
Priabonian when the near-by Lozen volcano
was formed. Possible con-nection between
these eruptive events is proposed in Ivanova et
al. (2001). In the end of Priabonian the area
studied became a field of explosive activity
(during which fragments of amphibole-bearing
subvolcanic bodies were ejected) resulted in
Sheinovets caldera collapse (Ivanova et al.,
2000, 2001). Shallow depths of magma
crystallization are required caldera subsidence
by roof collapse to occur (Lipman, 1997).
Plagioclase+biotite containing lava domes of
Rupelian age also indicate shallow levels of
magma storage and appear to be connected to
the collapse event. The emplacement of later
dykes is thought to be tectonically induced
(Ivanova, 2005) and observed variation in
phenocryst assemblages: plagioclasetbiotite,
sanidine+plagioclase+biotite+quartz, and pla-
gioclase+ biotitetclinopyroxenetsanidine) can
be due to the different rate of magma drainage
from different levels of the magma reservoir.
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