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ABSTRACT

The ThorsmSrk ignimbrite, S. TIceland, is one of the
largest eruptive bodies recorded from Iceland. Studies
of the tephra shows that the eruption started comparati-
vely quietly but gained in violence with time, evidenced
by changes in the vesiculation pattern of the acid glass.
The minerals, anorthoclase, ferro-hedenbergite, ilmenite,
magnetite and fayalite record changes in magmatic tempe-
ratures and oxygen fugacities with both time and strati-
graphic height. Geothermometry indicates magmatic tempe-
ratures from 900 to 960°C around the FMQ buffer in the
first erupted magma, but intrusion of basic magma into the
acid magma chamber raised the temperature of the remaining
magma to approximately 1040°C, and produced a variety of
hybrid compositions.Environmental considerations indi-cate
that the magma chamber was situated at the depth of 3 to km.
Different glass compositions indicate an ori-gin of the main
rhyolitic body through fractional crystal-lization of a

rhyodacitic parent.



INTRODUCTION

The Thorsmdrk ignimbrite (Thorarinsson, 1968) is a
late Pleistocene pyroclastic complex flow, which is ex-
posed in the valley area of Thorsmdrk in southern Iceland
(Fig. 1). The ignimbrite originated within the caldera
region of the Tindfjallajodkull silicic center, which is
one of a group of at least 5 closely spaced silicic centers
in the southern part of the Eastern Volcanic Zone of
Iceland, an area characterized by a heterogeneous tectonic
stress pattern (Szmundsson, 1978). The five silicic cen-
ters show contrasting geochemical trends from the almost
calc-alkaline Hekla center to the slightly peralkaline
Torfajdkull center (Imsland, 1978). The regional vol-
canism is characterized by the production of high Fe-Ti
tholeiites transitional to alkaline basalts (Jakobsson,
19723 Imsland, 1978). The Tindfjallaj®kull silicic center
is dominated by slightly alkaline basalts and minor inter-
mediate rocks with abundant subalkaline to slightly per-
alkaline rhyolites (Larsen & Jdrgensen, 1in prep.). The
Thorsmdrk ignimbrite is one of the largest acid eruptive
bodies recorded from mid-oceanic islands. It has not been
dated radiometrically, but belongs stratigraphically to
the penultimate interglacial stage of the area, indicating
an age of approximately 200.000 years. The event post-
dates the main caldera formation of the Tindfjallajdkull
silicic center by a significant amount of time (several
thousands of years).

Following a preliminary study (Jérgensen, in press),
this paper presents the results of a more detailed petro-
logical study of the Thorsmdrk ignimbrite designed to
throw light on the eruption history and the pre-eruption

conditions prevailing in the magma chamber.



PREVIOUS INVESTIGATIONS

The Thorsmdrk ignimbrite was originally described
and its main features outlined by Thorarinsson (1969)
and Jdrgensen (in press). A few petrologic data have
been published by Sigurdsson (1970) and Wetzel et al.
(1978).

The ignimbrite outcrops over an area of 80 km?

and
is extensively covered with later volcanics. It averages
20 m 1n thickness but in places it attains a thickness of
200 m. It originally buried a landscape with features
very similar to those of the present landscape in the area.
Later erosion has mainly removed the soft, unwelded parts
of the ignimbrite.
A careful calculation gives an original estimated
volume of the ignimbrite of 8 km3
In the field the ignimbrite is readily divided into

four parts,
top
4) white to buff, unwelded, 0-70 m

3) grey, welded and devitrified, 0-75 m
2) black, welded vitrophyre, 0-15 m

1) light, unwelded tephra, 0-1m

base.

This division is the result of the post emplacement
processes of compaction and devitrification. The welded
and devitrified parts wedge out towards the distal parts
of the ignimbrite.

In the ignimbrite it is possible to distinguish a
number of flow-units (at least 10), on the basis of topo-
graphic breaks, internal stratification, normal grading
of 1lithics, and reverse grading of pumice clasts as well
as mineralogical changes.

Lithic-rich bands occur with increasing frequency up
through the ignimbrite culminating in a 15 m thick deposit
consisting of 75% by weight of lithic fragments, close to
the top of the ignimbrite. Above the xenolithic unit only

two or three flow-units occur, and these have thin, fine-



grained sediments of supposed niveo-eolian (Cailleux, 1978)
origin intercalated between the flow-units.
The unwelded part of the ignimbrite has an average

modal composition as follows:

Pumice 13%
Crystals 10%
Mafic glass 3%
Lithics 10%
Matrix 64%

The variations are, however, very large as seen 1in
Table I.

The present study is mainly concerned with the acid
pumice and crystals, but both the mafic glass and the lithics
will be described briefly as they have important bearings on

the origins of the ignimbrite.

Methods of the study

To investigate the composition of the glasses and their associa-
ted phenocrysts a number of vitric samples were selected to cover both
the stratigraphic range as well as the range of vitric types observed.

To obtain compositions of glasses and phenocrysts in known petro-
graphic settings most of the analysed samples were thin sections of
whole-rock rather than of mineral separates. Point counting of heavy
mineral separates were, however, used to determine the relative abundance
of the different heavy phases.

The locations of the analysed samples are shown in Fig. 1, and
the general features of the samples given in Table T.

Analytical methods

The phenocrysts and glasses were analysed with an ARL SEMQ micro-
probe using on-line corrections of Bence & Albee (1368) and various
natural standards. The operating conditions were: Accel. pot. 15 kV,
sample current 25 nA for mafic minerals and 10 nA for feldspars and
glasses. Counting times 20 sec. peak and 4 sec. background on each
side. During glass-analysis samples were moved continuously to avoid
alkali loss. For very small areas of glass a procedure with only
10 sec. peak and 2 sec. background was used with reasonable success.



THE VESICULATION OF THE MAGMAS AND THE ERUPTION HISTORY

During examination of the samples used for mineralo-
gical studies an apparently systematic change in the
vesiculation pattern of the glass was observed. These
observations have been quantified, and the main results
are presented in Table II.

The acid glass (refractive index <1.51, colourless to
greyish) can be divided into a number of types. The most
conspicuous are pumice clasts with sizes up to 40 cm in
diameter. They are generally strongly vesiculated (Table IT)
and have ovoid to pipelike vesicles, which have often been
folded. In the lower part of the ignimbrite, the vesicles
are regular with smooth walls, while in the upper part,
vesicles often are irregular and have rough surfaces, due
to disruption of already formed vesicles by new generations
of vesicles (multiple vesiculation). The proportion of
pipe-vesicles declines upwards in the ignimbrite (Table II,
30474 is abnormal). Two types of vesicles are found
developed around phenocrysts in the pumice clasts: (1) large
and equant vesicles with diameters of 1-2 mm, which are
found irregularly distributed around the phenocryst, (2) a
regular system of elongate vesicles which radiate out from
the phenocryst (the radial vesicles of Heiken & Eichelberger
(1980)) . Insome casesFig. 2,theseradial vesiclescanber séen to
distort the surrounding pipe-vesiciles.

The shards range in size from 100 to 1000 um (Table II)
and are generally Y-shaped, though equant shards predominate
in the lowermost part of the ignimbrite, Fig. 4, and
star-shaped shards in the uppermost part, Fig. 3. The size
and shape of the shards indicate that they originated
through the rupture of spherical to ovoid, large thick-walled
vesicles of a fairly uniform size range, contrary to the
vesicles in the pumices, where walls between large vesicles
always contain smaller vesicles. The glass shards generally
have a well developed secondary hydration rind with a thick-
ness of 10 wum.

In the lowermost part of the ignimbrite occasional
bits of 1little vesiculated giass are found (Table II), these



grade continuously into more vesiculated clasts, Fig. 4.

Normally the acid glass is colourless and transparent,
but occasionally, in the lower part of the ignimbrite,
some clasts with a texture and colour distinctly different
from those described above occur. These clasts consist of
grey to greyish-brown glass with short pipe-vesicles, often
with spherical extensions giving a very variable wall thick-
ness ranging from 20 to 100 pm, often within the same wall
between two vesicles. The glass often shows flow lineation.
Chemical analyses (see later) show that these glasses are
lower in silica (approx. 70% SiOz) than the usual acid 'glass
(approx. 7u% SiO2). The chemical investigation also revealed
the existence of a high silica glass (approx. 76% SiOQ) in
the lowermost part of the ignimbrite, but this type is in-
distinguishable from the normal pumices and has not been
found as shards.

In the lower part of the ignimbrite are found fresh
angular fragments of a non-vesiculated glassy, flow-lineated
rock with abundant microlites of plagioclase and pyroxene.
Chemical analyses (Table IV) shows it to be very similar to
the lower silica acid glass described above. The freshness
of the fragments and absence of more crystalline or spheroidal
types strongly suggests a very recent age with respect to the
ignimbritic eruption.

The mafic glasses (refractive index between 1.52 and
1.60, colour brownish to brown to opaque) present a variety
of textures and compositions indicative of multistage
mixing, represented by different types of banded pumices,
between a normal transitional basalt and one or more silicic
end-members, resulting in the formation of various glasses

ranging in composition from 46 to 71% SiO with associated

>
microcrystal and xenocrystal phases as weil as a wealth of
different vesiculation textures which presently are being
investigated.

The basic end-member glasses show a range of textures
from strongly vesiculated types reminescent of acid pumices

over more equant types with large regular vesicles similar



to types commonly found in strombolian deposits as described
by Walker & Croasdale (1972), to small perfect spheres up

to .05 mm in size very similar to the spheres from Kilauea
Iki described by Heiken (1972) as characteristic of Hawaiian

type fountaining.

DISCUSSION

Vesiculation of magma has achieved much attention in
recent years (McBirney, 1973; Bennett, 1974; Sparks, 1978;
Heiken, 1972; Heiken & Eichelberger, 1980). The
Thorsmdrk ignimbrite shows features which are compatible
with the conclusions of most of these authors.

The low degree of vesiculation observed in the initial
eruption products, as well as the equant shards, is
reminescent of the tephra textures observed in phreatomagma-
tic eruption products (Heiken, 1972), and could be inter-
preted as initiated by pockets of trapped meteoric water
in the way proposed by McBirney (1973). After this initiation
the nucleation of vesicles would proceed aided by the thermal
gradient established by the intruding basic magma (see later),
and possibly by the formation of the downwards-migrating
expansion waves proposed by Bennett (1974). These would
regularly disrupt the magma surface and vesiculation process,
leading to the formation of the multistage vesiculated
pumices described.

It is even possible that the eruption started with an
effusive phase, as the fresh, low-silica rhyolite fragments
found in the lower part of the ignimbrite, may have been
torn from an initially extruded coulee or dome.

With time, vesiculation increased, partly helped by
nucleation around the abundant phenocrysts, leading to the
formation of the large equant vesicles. Evidence of radial
vesiculation is only found in the pumices, indicating that
this process first became active after disruption of the

magma surface. This probably indicates the importance of



the adiabatic cooling of the magma relative to the pheno-
crysts, leading to the pool-boiling proposed by Heiken &

Eichelberger (1980), the force of which is evidenced

by the disruption of the pipe-vesicles shown in Fig. 2.

The increasing vesiculation led to higher excess
pressure in the magma-chamber, causing more violent out-
bursts as evidenced by the larger abrasion index (Meyer,
1972) (Table II) and the increasing frequency of lithic
horizons up through the ignimbrite. The higher excess
pressure may also be a function of blocking of the vent by
collapsing wall rock during periods of quiescence, thus
explaining the increasing time gaps between the pyroclastic
flow-units evidenced by the intercalated sedimentary
deposits in the uppermost part of the ignimbrite. These
deposits do, however, first occur after the cataclysmic
event that produced the 15 m thick xenolith-rich unit, so
probably the last explanation is only valid after this
event.

The eruptive sequence delineated above has been
summarized in Table TTIT.

That periods of more quiet eruptions did occur between
the general pattern of increasing explosivity is evidenced
by sample 30474, which has an abrasion index similar to
that of the earliest flow-units. It is probably also signi-
ficant that this sample does not contain any hybrid compo-
sitions (Table T1).

Sparks & Wilson (1976) divide ignimbrites into two
categories: (1) those containing an initial plinian deposit,
which are likely to have developed through gravitative
collapse of the eruption column, and (2) those which do not
possess a plinian deposit, which either did not have a
sufficient gas content or a too wide vent radius for con-
vective thrusts to occur. The last situation is likely to
occur if the explosive phase started with a phreatomagmatic
event. The lack of convective thrusts in this case is
further substantiated by the groundmass crystallization

which took place under so reduced conditions (see later),



that it is unlikely that any atmospheric air of importance
had had the opportunity to mix with the pyroclastic mate-

rial.

SHAPE OF THE ERUPTIVE CONDUIT

The simultaneous occurrence of glasses of highly
different compositions poses the question of how these
glasses were erupted.

The common occurrence of banded clasts shows that the
magmas mingled prior to eruption, most probably in the
eruptive conduit. However, some system seems to exist with
respect to the banded clasts.Thus the banded clasts com-posed of
low and normalacid glass are mostly found in the lowermost part of
the ignimbrite,while themafic/silicic clasts, thoughubiquitous
in the ignimbrite, are much more common in the upper part than in. the
lower part.The occur-rence of unmixed basic scoriae and glass
spheres further suggests very low explosivity in some parts of the
conduit.

The most probable shape of the conduit is thus a dyke
or fissure of the classic Icelandic type (Guppi & Hawkes,
1925), with a thin basaltic margin and a thick acid core,
which becomes purely basaltic in the distal parts of the
fissure, and probably developes into a row of craters each
producing material of individual character, a well known
feature for several large, Icelandic postglacial eruptions,
such as the Domadalshraun eruption (Sazmundsson, 1972; pers.

observation).

PETROCHEMISTRY OF THE ACID GLASSES

Approximately 95% of the acid glass present is a
comenditic¢ rhyolite with a narrow compositional range,
apparently unrelated to stratigraphy, Table IV, Fig. 5.
There is a tendency for pumices to show a larger scatter of
compositions than do the shards but this is the result of

secondary hydration of the thin-walled pumices.



The high silica compositions have higher agpaitic
indexes than the average rhyolite, and also significantly
lower NaQO/total alkali ratios. The trace element
pattern is consistent with the rising agpaitic index
showing a rise in Ba, Zr, La and Nb and a fall in Sr, V
and Y.

The low silica compositions (and the microcrystalline
fragments) have lower agpaitic index, and are more similar
to rhyodacites from tholeiitic centres (Carmichael, 1964,
Grdnvold, 1972).

The peralkaline rhyolites are clearly oceanic comen-
dites after the classification of Bailey & Macdonald (1970)
and rather similar to the comendites from Easter Island
(Bailey & Macdonald, op.cit.; Baker et al., 1974), Fig. 6.

THE PHENOCRYSTS

The ignimbrite contains an average of 12% by weight
of phenocrysts coexisting with the acid glass, distributed

as follows (in weight %):

Feldspar 10.8 %
Pyroxene 1.0 %
Olivine .005 % (up to .3%)
Ore .1 %
Zircon .02 %
Chevkinite .005 %
Apatite .005 %

(These figures are weighted averages deduced from
point counting of heavy and light mineral/glass separates,
except for apatite which was estimated by comparison with
chevkinite in thin sections. Representative densities
were adopted from Trdger (1971)).

The phenocrysts mainly occur as discrete crystals
(or as abraded fragments of such) or as inclusions in other
minerals, but small crystal clusters are common, and in the
lowermost part of the ignimbrite large loose aggregates are

characteristic.



The minerals display small, but significant changes
in texture and composition which record a story of frac-
tional crystallization under comparatively stable condi-
tions suddenly interrupted by a change in the physical

conditions immediately prior to the eruption.

The feldspars

The feldspars occur as three different types, Table V.

The inclusions in type 1 and 2 feldspars are especi-
ally pyroxene, often with a vermicular habit. Ore minerals,
especially magnetite are common as inclusions, often as
small clusters of octahedra. Fayalite is only rarely found
as inclusions, even where the mineral is most abundant as
discrete phenocrysts, and then only intergrown with the rim
of the feldspar. Minute needles of apatite and chevkinite
are common as inclusions, mostly in the rims of the type 1
phenocrysts. The apatite is often associated with inclu-
sions of ferromagnesian phases, preferably magnetite.

Glass inclusions, occasionally with gas vesicles, occur
mainly in the type 2 phenocrysts, or in the outer part of
type 1 phenocrysts.

Most of the feldspars are optically slightly normally
zoned, occasionally with a thin, distinct core and/or a
thin rim, but type 1 feldspars may show oscillatory zoning
and resorption phenomena, and patchy zoning is common in
this type. Oscillatory zoning is restricted to the lower
50 m of the ignimbrite, while resorption and patchy zoning
are found throughout the ignimbrite. Approximately 5% of
the feldspars present are oscillatory zoned or resorbed,
while 10% are patchy zoned.

In many feldspars glass inclusions situated close to
the rim have broken open immediately prior to eruption due
to the fracturing of the feldspar. Similarly totally
broken phenocrysts, although with the fragments in their

approximate original positions, may be found in the pumices.



Both phenomena are evidence for a drastic shock effect,
probably an expansion wave followed by a fall in the con-
fining pressure, as described under vesiculation (above).

Chemically the feldspars are anorthoclases, Tables V
and VI, Fig. 7, ranging in composition from AnlOAb810r9 in
the cores of the largest type 1 feldspars to Anl.BAb78.3OP2O.1
in type 3 microcrysts. It is an overall trend that the
feldspars show a steady decrease in An from core to rim,
except for feldspars with Or<18, where An<2. Oscillatory
zoning as well as resorption is a function of varying Ab:O0r
ratios, Fig. 7, and not related to fluctuations in the
An:Ab ratios. There is a tendency for the feldspars from
one of the lowermost samples (19337) to lie on the sodic
side of the general trend, Fig. 7, while feldspars from the
uppermost sample (22042) lie on the potassic side.

Of the minor elements only Fe and Ba were detected,
while both Mg and Sr were below detection limit. Both
FeOt and BaO occur with average amounts of .28% by weight.
Ba shows no consistent variations within the range observed,
but there seems to be a minor increase in Fe from core to
rim. An analysis of the Si/Al(+Fe) relationship, Fig. 8,
seems to show that the relationship Si+Al=16 (in formula
units) in general is fulfilled, thus suggesting that the
iron is mainly present as Fe2+, except in the most calcic
cores, the microcrysts and the least sodic (220u42) feld-

spars, where the iron mainly seems to substitute for Al.

The pyroxenes

As is the case with the feldspars a triple division
can be made for the pyroxenes, Table VII, though the transi-
tions are more gradational than for the feldspars.

In general the pyroxenes are grass-green to yellow-green,
subhedral to euhedral, homogeneous crystals, except in
aggregates with feldspar where they have crystallized after

the feldspar, and attain a granular or vermicular habit.



The inclusions are predominantly euhedral ilmenite
and magnetite as well as small euhedral zircons, stubby
prisms of chevkinite, small needles of apatite, rare
rounded blebs of pyrrhotite and occasionally large
elongate glass inclusions, mainly occurring in the center
orientated after the c-axis.

Twinning is very rare but has been observed both on
(100) and (010) (U-stage determinations).

Chemically the pyroxenes are ferro-hedenbergites

ranging from WOM3 OEnu 5F8u8 6Ac3 8 to Wol+3 3En 8F851 OAcL+ g
(Tables VII and VIII and Fig. 9) with the most magnesian
compositions representing the largest type 1 cores. All

pyroxenes show a ubiquitous, weak normal zoning.

There is an overall tendency towards a decrease in
calcium with a decreasing magnesium content, Fig. 9, and
a minor decrease in alumina and increase in sodium,
Figs. 10 and 11. The low contents of alumina makes it
difficult to distribute it between A1lV and AlVI, but in
general the relationship Si+Al=2 is unsatisfied to satisfied,
suggesting that most of the alumina is A1lV. If this is
true, then it seems as though there is an overall trend in
Ti/Al from 1:2 to 1:1 relationship from cores to rims of
type 1 pyroxenes, Fig. 12, indicating stabilization of a
NAT-component (Rénsbo et al., 1977), at the expense of the
Ca-Ti-Tschermak 's component.

In rare cases pyroxene phenocrysts are found with a
distinct pale yellow core of calcic ferro-augite

(Woy, gEngg.0FS29. 2
of ferro-hedenbergitic to sodic ferro-hedenbergitic compo-

) mantled by a thick, deep green rim,

sition (Table VIII, Fig. 13). The pale core contains
abundant apatite inclusions.

In a few cases quenched clots of acid material have
been observed. These contain grass-green, needle shaped
pyroxenes high in alumina and manganese and low in calcium
and sodium (Table VIITI, and Figs. 11 and 13). They are
associated with acicular magnetite and tabular feldspar.

In composite pumices, consisting of "normal' 74% SiO2

glass and "low" silicic 70% SiO2 glass, microcrysts of



grass-green pyroxene, high in alumina and titanium
(Table VIII, Figs. 11 and 13) have crystallized in the
low silica glass along with microcrysts of ilmenite

and feldspar.

The olivine

The olivine occurs as honey-coloured, equant crystals
approximately .5 mm 1in size with rare elongated individuals
up to 1 mm in length.

The olivine is generally crowded with inclusions of
euhedral Fe-Ti oxides, chevkinite, apatite and glass-tubuli,
and often occurs in small aggregates with pyroxenes, ore
and feldspar.

The olivine 1s often slightly altered and oxidized at
the rim. Commonly only an empty mould in the matrix is
found, occasionally with some Fe-Ti oxide and mineral in-
clusions remaining.

Chemically the olivine 1s an almost pure fayalite with
a uniform composition of Fo _F

.5F3gy TPy oLn 4

Fo . ), Table IX, Fig. 9.

The lower parts of the ignimbrite contain up to 3%

(max. range

by weight of olivine, while the upper parts contain less
than .01% by weight. The decrease is sudden from around
.25% to .05% and occurs at a flow unit boundary at the 75 m

level in the ignimbrite.

The ore minerals

The ore minerals present are ilmenite, magnetite and
minor pyrrhotite. TIlmenite is the dominant phase, and
occurs both as discrete, commonly large crystals, as in-
clusions and in aggregates with pyroxene. The crystals
are on the average .2 mm in size, but occasionally up to
1 mm. In general the crystals are euhedral, displaying

rhombohedral shapes, but some inclusions, especially in



feldspars, are rounded. Some of the larger discrete
crystals are skeletal or have glass inclusions. In general
the grains are homogeneous and exsolution phenomena rare.
Some of the discrete grains have a slightly oxidized rim,
probably due to post-emplacement reactions.

Magnetite occurs mainly as inclusions, predominantly
in feldspar but occasionally in pyroxene and fayalite. It
most often occurs as euhedral octahedral, but rounded
grains are not uncommon. The size range is between .05 and
.1 mm. In the upper part of the ignimbrite rare discrete
crystals occur. In the lower part of the ignimbrite
oxyexsolution (Buddington & Lindsley, 1964) of ilmenite
lamellae after (111) are occasionally found, with the
rounded grains showing the strongest oxyexsolution.

The magnetite:ilmenite ratio varies from 1:5 in the
lower part of the ignimbrite to 1:1 in the uppermost part
of the ignimbrite (22042). In this sample (22042) some
ilmenites show exsolution of haematite lamellae, while the
magnetites are homogeneous, but have a spotted appearance
in reflected light.

The ilmenite and magnetite are comparatively pure
ilmenite and titanomagnetite, Table X, which when plotted
into the triangular R2+O, TiOz—R2+O—R3+2O3

Carmichael (13967), Figl 14, coincides with his olivine-

diagram of

bearing Icelandic rhyolites with tie lines parallel to his.
The content of minor elements is low and totally dominated
by MnO causing the minerals to plot almost on the MnO—A1203
side of Carmichael’s (op.cit.) triangular minor element
plot, Fig. 15, with a very narrow range. There is a
tendency for the magnetites from the lowermost (19337) and
the uppermost (22042) samples to contain more of the
Usp-molecule than the rest of the ignimbrite. A magnetite
in a glass inclusion in a zoned pyroxene has the highest
Usp-content of all the analysed magnetites, Table X.

Some ilmenites contain unusually high amounts of CaO
and other trace elements and probably have a xenocrystic

origin, Table X.



The pyrrhotite occurs as rare, tiny (less than 0.2 mm)
globules in the oxides and 1n very rare cases 1n the

pyroxenes.

Zircon

Zircon occurs as transparent, colourless, euhedral
crystals up to .5 mm in length, and generally with well de-
veloped prisms and bipyramids. It commonly contains abundant
inclusions of magnetite, glass tubuli, apatite prisms and
very rarely chevkinite. The zircon occurs mostly as discrete
crystals or in clusters with Fe-Ti oxides  pyroxene. It
is somewhat more abundant in the lower part of the ignimbrite
than in the upper part.

Partial chemical analyses, Table IX, indicates an un-

remarkable composition.

Chevkinite

Chevkinite, a monoclinic REE iron titanosilicate,
occurs both as rare, discrete, stubby prismatic crystals up
to .2 mm long, and in a few cases as slender, pencil-1like
crystals up to .3 mm long, as well as inclusion in other
silicic phases, where the stubby type seems to prefer the
pyroxenes, while the slender type is most common in the
fayalites and feldspars. It 1s generally well developed
with occasional simple twins on (001). The colour ranges
from redbrown in the a direction to opaque in the B and
Y directions (yellow-brown to blue-green 1n crystals less
than 10 um thick). Some larger grains contain inclusions
of apatite and occasionally an earlier generation of small
chevkinite crystals. It seems to be more abundant in the
lower part of the ignimbrite (up to 25 grains per thin
section) than in the upper part (up to 7 grains per thin

section).



A partial chemical analysis, Table IX, shows that it
1s very similar to other analyses of the mineral (Jaffe
et al., 1956; Segalstad & Larsen, 1978) though low in

alumina and magnesium and high in titanium and iron.

Apatite
Apatite occurs as minute (length max. .1 mm, width
max. .015 mm) euhedral, hexagonal prisms, predominantly

found as inclusions in all the other phases, but occasion-
ally also as discrete crystals. It is rather common in
the rims of the feldspars, but absent in the cores of the
large type 1 feldspars. It is most abundant as inclusion
in the fayalite and zircon, least in the pyroxene. Its

composition is unremarkable, Table IX.

THE GROUNDMASS PHASES AND THEIR SIGNIFICANCE

Jorgensen (in press) describes the progressive crystal-
lization in the welded part of the ignimbrite, and divides
it into 6 stages from stage (1) unaltered glass, through
increasing degrees of crystallization in the matrix until
stage (6) where alkali-feldspar, tridymite and mafic mine-
rals crystallize in gas cavities developed in the fused
glass. Generally this most extreme development has been
obscured by alteration by late stage hydrothermal fluids
percolating through the vesicle system, but occasionally
relict areas have been preserved. In general the assemblage
found consists of tridymite, alkali-feldspar, arfvedsonite
and acicular ore, probably ilmenite. However, the sample
19337, which consists of fused glass with the most peralka-
line composition found in the ignimbrite, has a crystallized
interior showing a different assemblage. The crystalline
core can be divided into two parts. An outer part which is
spherulitic with relatively few gas cavities and contains

well developed fayalites and bundles of aenigmatite crystals.



The feldspar in this part is anorthoclase, Fig. 16. The
inner, central part is more crystalline with abundant gas
cavities containing slightly corroded fayalites, bundles
of aenigmatite and stubby or flaky crystals of arfved-
sonite. The feldspar in the central part is a K-feldspar
of variable composition, Fig. 16. Some very small
Fe-hedenbergites are thought to belong to the groundmass
crystallization, but may also be microphenocrysts.

Compositions of the various phases are given in Table IX.
The fayalite lacks both a forsterite and a larnite component.
The arfvedsonite is rather aluminous and manganoan, but low
in calcium when compared to the arfvedsonites reported from
the oversaturated, peralkaline rocks of Mayor Island
(Nicholls & Carmichael, 1969) and the younger granites from
Nigeria (Borley, 1963). The aenigmatite composition 1s
almost identical to that of a groundmass aenigmatite re-
ported from the comenditic lavas of Mt. Edziza, Canada
(Yagi & Souther, 1974). It is rather low in TiO2 and con-
tains a ferri-aenigmatite component (Larsen, 1978).

The assemblage aenigmatite-fayalite to aenigmatite-
-arfvedsonite-fayalite places some constraints upon the
conditions of formation, as illustrated in Fig. 17, where
the buffer lines have been adopted directly from Nicholls
& Carmichael (1969). However, Lindsley (1971) showed that
the maximum stability for Ti-aenigmatite probably lies
around the NNO buffer, and Ernst (1962) showed that Ti-free
ferri-aenigmatite only exists under very reduced conditions
(iron-wiistite buffer). The fact that arfvedsonite is
present in the crystalline core of 19337, but not in the
spherulitic rim implies that the final temperature during
crystallization must have been close to the point where
fayalite-aenigmatite and arfvedsonite coexist, approxima-
tely at 630°C and an f0, of 10—21, (the thermal stability
of arfvedsonite will be extended by substitution of OH by
F, as is probably the case here). The low fo, is further
emphasized by the low acmite component in the coexisting
pyroxenes, where most of the acmite is present as a

NAT-component (Rénsbo et al., 1977), Fig. 12.
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THE XENOLITHS

The xenoliths can be divided into three groups:

1) cognate granophyres (10%)
2) altered plutonic and volcanic fragments (80%)

3) fresh volcanic fragments (10%).

The cognate granophyres constitute a range of types
found as blocks up to 20 cm in diameter, but common to all
of them are that they are massive, show well developed
joint-surfaces, have fresh or only slightly altered mafic
and leucocrate minerals, and are chemically and mineralogi-
cally closely related to the ignimbrite.

The altered plutonic and volcanic rocks show a wide range of
types, ranging from porphyritic basalts over unporphyritic types
and hyaloclastites to trachytic-textured basaltic-andesites
and felsitic rhyolites,aswell as strongly altered gabbros and
granophyres.All the rocks show varying degrees of alteration,
from zeolite and chlorophaeite vesicle-fillings,usually
accompanied with abundant oxidation, through chloritization and
sericitisa-tion, to rock fragments which mainly consist of
pistacie-
-greenepidoteyferrizgctinglite and grossular, and have lost
any original igneous texture.

The fresh volcanic fragments consist of the glassy rhyolite
withmicrolites,mentionedearlier (Table IV),abundant
palagonite tuff fragments, and very commonly a pilotaxitic
aphyric basalt.Less common is a porphyritic basalt with

unaltered phenocrystsofolivine, pyroxene and plagioclase.

PETROGENETIC CONSIDERATIONS

The use of mineral-glass equilibria, sequence of
crystallization as well as general considerations canhelp to
estimate some of the physical conditions of formation for the

magma.



Estimation of P and T

The coexistence of magnetite and ilmenite allows an

estimate of the magmatic temperature of the ignimbrite

(Buddiagtoh +& LinAskey;, 49BY4jelPowedl” ¥ .Poweld, 18773y .While

the coexistence of glass and plagioclase feldspar can also

be used as a geeothermometer (Kudd,& Weill, 18701,

As the compositional variation of the magnetites is
comparatively large within the single samples, the extreme
values rather than an average have been used to determine
a range of temperatures and oxygen-fugacities for a number
of samples, Table XII, Fig. 17. The temperatures obtained
are high when compared with temperatures obtained from
other rhyolites (Carmichael, 1967), though some authors
suggest similar temperatures (Lerbekmo et al., 1975;
Coulon et al., 1978). Several explanations are possible
for the high temperatures. (1) The temperatures are on
the limit of and above the experimental data of Buddington
& Lindsley (1964) upon which the thermometer is based.

(2) The oxide phases did not equilibrate. This may be
the case at least in the lower part of the ignimbrite,
where magnetite apparently was not a stable phase at the
time of extrusion. (3) Some external factor may have
affected the Fe-Ti oxides, possibly the invasion of basic
magma into the acid magma-chamber, which heated the acid
body and caused the oxides to reequilibrate.

The temperatures of plagioclase rims in equilibrium
with the surrounding glass have been calculated for four
samples - at different PH,0, using the equations of Kudo &
Weill (1970), in addition temperatures for cores and
intermediate positions have been calculated for 2 samples.
All results are presented in Table XIII. In view of the
temperatures obtained by the same method on various other
rhyolites (Stormer & Carmichael, 1970), the results for
the rims do not appear unreasonable (the increasing tempe-
ratures at pressures .5 kb are due to arbitrary roots in

the equations). The results must, however, be treated



with great care as several factors may affect the results
drastically. (1) Kudo & Weill (1970) warned against the
use of the thermometer outside the Ango—An10 range because
of the large sensitivity for small compositional changes
beyond these limits. (2) The large orthoclase component
present is unaccounted for in the original equations of
Kudo & Weill (1970). (3) The liquid was peralkaline and
thus had a structure different from that of the peraluminous
liquids upon which the thermometer is based. This last
effect is very difficult to evaluate, but the crystalliza-
tion path of the feldspars does not show any influence of
the "orthoclase" effect (Bailey & Schairer, 1964) commonly
found in peralkaline rocks and whose appearance is attri-
buted to the changed structure of the melt.

In spite of the large uncertainities involved 1in the
temperature estimates presented above, these have been
compared in Fig. 18, and it is apparent that there is an
increase in the Fe-Ti oxide temperatures with increasing
stratigraphic height, and an increasing departure from the
line of equal temperature for the thermometers, which may
be the result of heating of the magma-chamber by intrusion
of basic material into it during the eruption, with re-
sulting reequilibration of the Fe-Ti oxides, as evidenced
by the anomalous Fe-Ti oxide relationships in sample 22042.

Sample 19342h is a feldspar microcryst from the low
silicic component of a hybrid fiamme which is supposed to
represent crystallization in the vent or in the eruption
column, and the temperature thus the eruption temperature.
If this temperature is combined with a coexisting ilmenite,
Table X, a f0, of 1071°"3
ton & Lindsley (1964) tables. This 1is slightly above the
FMQ-buffer, Fig. 17.

The difference in feldspar compositions between samples

can be deduced from the Budding-

19337 and 22042, Fig. 7, may be taken as a confirmation of
that the calculated difference in feldspar temperatures
illustrated in Fig. 18, is real and not a function of accumu-

lated errors, and thus is in accordance with the experiments



of Seck (1971) who showed that the curve of evolution 1in
the system An—Ab—Or—HQO shifted towards the Ab corner with
decreasing temperature. This implies that a thermal gra-
dient did exist in the magma-chamber(s). This gradient
was probably responsible for the resorption and oscillatory
zoning observed, probably by convective movement of the
phenocrysts in the boundary layer towards the crystallizing
granophyre sheath.

The decreasing Al content in the pyroxenes, Fig. 11,
may also be a function of decreasing temperature (Kushiro,
19623 Thompson, 1974; Herzberg, 1978), but in this case
related to the overall cooling of the magma during crystal-
lization, as the change is not stratigraphically related.
This overall cooling was apparently accompanied by a decrease
in fOz, stabilizing a NAT-component (Rénsbo et al., 1977)
at the expense of the previously stable Ca-Ti-Tschermaks
component, Fig. 12. The decrease in temperature and fO2
brought fayalite on the liquidus in the upper part of the

magma-chamber, and probably resulted from a reaction of

the type:
2/3 FeSOL+ + 8102 FeZSlOL+ + 1/3 02 (Nicholls et al., 1971)
magnetite glass fayalite vapor

to become active at the expense of the magnetite crystalli-

zation.

Magmatic evolution

The inclusion pattern, as well as the relative abun-
dance and composition of the phenocrysts can be used to give
some implication of the evolution of the magma. Fig. 19
shows the crystallization sequence of the magma iIs deduced
from the inclusion pattern. The estimate of crystallinity
is based on the absolute amount of phenocrysts of the
specific composition (+older cores) present today. The
figure shows that most of the minor minerals did not crystal-

lize until late in the evolution of the magma.



The plagioclase geothermometry, Table XIII, indicated
that the interior of the larger feldspar phenocrysts were
not in equilibrium with the glass, and thus implies that
they must have developed in a liquid of a different compo-
sition. A suitable parent composition is found in the low
silicic liquid presented in Table IV, as further supported
by plots in the feldspar composition diagram of Bailey &
Macdonald (1970), Fig. 20. Table XIV shows the results of
a fractionation calculation, using the low silicic compo-
sition as parent. It gives a reasonable fit, but the
fractionated amount is twice the observed crystallinity
implying that a considerable amount of crystals must have
been removed. The cognate granophyres mantling the magma-
-chamber, and now found as xenoliths in the ignimbrite,
may well account for the missing fractionate.

The present study throws no light on the possible
origin of the low silicic composition, but as it is similar
in composition to many other Icelandic rhyolites (rhyodacites)
the reader is referred to the works of Sigvaldason (1974),
Sigurdsson (1970, 1977), Grdnvold (138972) and Johannesson
(1975) for possibilities.

The origin of the high silicic composition, Table IV,
1s obscure as the feldspar composition diagram, Fig. 20,
clearly shows that it can neither have been derived from
the low silicic composition nor from the "normal" rhyolitic
composition solely by fractional crystallization, thus some

other process must be invoked.

Depth of the magma-chamber

The considerations above indicate some characteristics
of the general behaviour of the magma, but nothing about
the depth to the magma-chamber. An estimate of this can be
made by using two approaches, the first by matching the
liquid with experiments, the other by comparison to known
intrusions of comparable rocks. As the normative composi-

tion of the rhyolite is only very slightly peralkaline, and
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does not possess an anorthite component, then it can be
treated in the granite system of Tuttle & Bowen (1958),
Fig. 21. From this it is apparent that the rhyolite
cannot have been subjected to water pressures higher than
1500-2000 bars, otherwise quartz would have been present.
This corresponds to a maximum depth of 5-8 km, provided
Py= PH,0, (if not then the figure increases). Assuming
the lowest Fe-Ti oxide temperature to be correct, then

the plagioclase geothermometer, Table XIII, indicates that
PHZO probably never reached 1000 bars, thus explaining why
the results for this pressure are arbitrary roots. The
indication that the eruption started with an effusive
phase, on the other hand implies that the magma originally
was not saturated with volatiles, and that vesiculation
(volatile exsolution) did not start until an open conduit
to the surface had been established.

Another approach is indirect, by comparing xenoliths
of the surrounding granophyre mantle with rocks from known
intrusions of comparable chemistry. One striking difference
here is the near absence of miarolitic cavities in the
xenoliths, as such are common in the Austurhorn intrusion
(Blake, 1966) and abundant in the shallow Urdarfell intru-
sion (Annells, 1968). Wager et al. (1965) describes the
cavities as characteristic of shallow level intrusions
where the internal vapor pressure at times exceed the ex-
ternal pressure. In the case of the Austurhorn intrusion
Blake (1966) on stratigraphic reasons estimates the top of
the intrusion to have been at a depth of 1700 m at the time
of emplacement. The thickness of the intrusion exposed is
750 m and miarolitic throughout. This probably places an
upper limit for emplacement of the Thorsmdrk granophyres
at 2.5-3 km depth. 1In other words, it seems reasonable to
expect the magma-chamber to have resided at a depth between
3 and 8 km, a range which includes the boundary between the
seismic layers 2 and 3 in the area, (Palmason, 1971). The
low estimated PHZO as well as the granophyric texture,

which needs a comparatively steep thermal gradient towards
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he country rock to develope, makes it probable that the
actual depth was closer to the 3 km than to the 8 km.

In Fig. 22 a speculative reconstruction is presented
showing the emplacement of a laccolithic body with a geo-

3 (the maximum volume estimate for the

metric size of 8 km
eruption). The shape has mainly been selected as a matter
of convenience, a stock or cedar tree form are just as
possible. This was situated in the boundary region between
layers 2 and 3, taking into account the bell-shaped boundary
between these layers found by Palmason (1971) beneath other
central complexes. The width of the intrusion is thought

to be confined within the caldera perimeter faults of the

central complex.

SUMMARY OF CONCLUSIONS

The Thorsm&rk ignimbrite represents the products of
one of the largest acid eruptions in Iceland.

The textures of the acid glass suggests that the erup-
tion started comparatively quietly, possibly even with an
effusive phase, but through a phreatomagmatic phase increased
in explosivity to a cataclysmic event that produced a thick,
xenolith-rich deposit, after which the eruption declined
with a few final vigorous outbursts.

The eruption probably started at a restricted vent
that rapidly developed into a fissure from which tephra of
diffent compositions was ejected from the central parts to
form a series of pyroclastic flows, while the distal parts
of the fissure probably produced basaltic lavas through
strombolian to hawaiian activity. The activity probably
shifted along the fissure with time, with only the rhyolitic
segment as a permanent, and all-dominating member.

At the time of eruption the magma-chamber was an old
feature with a well developed contact aureole and a thick
envelope of granophyre, and abundant phenocrysts in the

magma-chamber. Originally it was a low silicic rhyolite



(rhyodacite) but fractional crystallization had changed
it into a slightly peralkaline rhyolite, with a silicic
cap of an even more peralkaline rhyolite.

During the crystallization the temperature and the
oxygen fugacity in the magma decreased, while at the same
time a minor temperature gradient existed between top and
bottom, resulting in fayalite coming on the liquidus only
in the upper part of the magma-chamber before the eruption.

In connection with the eruption the acid magma was
intruded by basic magma that mixed with the acid magma
forming a range of hybrid compositions, and raising the

temperature and oxygen fugacity of the remaining acid magma.
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Table TI. General Sample Data

Modal proportions (estimated).

m.a.b. M\ Sample no. Phenocryst % Xenolith % B.gl}) Int.gl?) Fayalite Welding
TN22042 15 20 0 3 .1 none
200 — (44444
30474 5 7 12 0 <.1 none
150 -~ A A AL
///30u76 7 15 5 5 .1 none
100 -
9416 12 20 5 .5 .3 none
o , 19342 22 10 ! Al moderate
- +” 19420 7 2 1 .3 moderate
.7 ,19337 15 1 (.5 .5 strong
~_-30u83 5 20 2 ) f none
base — 200 m.a.s.1l.
1 B.gl. = Basic glass in modal %.
2) Int.gl. = Intermediary glass in modal %.

AAA = Xenolith rich horizons in composite stratigraphic column.
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Table IT.

Characteristic features

of the acid tephra

Sample 30483 19416 30474 22042
Pumice
vesicle shape regular regular irregular irregular
vesiculationl) 10 - 80% 25 -  80% 40 - 80% 60 - 80%
vesicle size um 10-30 5-60 10-20 30-150 | 10-60 5-300 ] .5-500 2-150
wall size um 30-60 1-10 5-20 .2-10 5-40 1-20 1-20 .4-30
Pipe vesicles
size order um 5 - 10 1 -5 4 - 60 1 -4
abundanceZ) 50% 30% 50% 10%
Radial vesicles
size order um 20 & 30 =
abundance3’ 10% 40%
Shards
shape equant + Y Y Y star
size range um 100 - 1000 100 - 600 100 - 600 100 - 1000
Abrasion Indexu)
range 100 - .7 100 - 4 100 - 1 100 - 5.6
average 10 19 10 50
Explanation: 1) % voids per surface area of pumice clasts phenocrysts.

2) %
3) %

phenocrysts i1in pumices with radial vesicles.

% crystal
H) % glass

pipe vesicles of all pumice clasts, expressed as surface area.

of discrete phenocrysts (feldspar) (Meyer, 1972).

fg



Table TITI.

Summary of eruptive events

Phase Event Evidence
effusive formation of acid coulée angular fragments of glassy rhyolite
in lowermost part of ign.
initial phreatomagmatic activity equant shards of "normal" rhyolite,
explosive little vesiculated pumice clasts
repeated discharge of pyro- multiple flow units with minor breaks
developing clastic flows, overall in- increasing abundance of lithic bands
crease in explosivity increasing vesicularity and abrasion
index
culminating cataclysmic event major xenolithic unit with abundant
mixed pumice clasts
declining intermittent discharge of flow units with strongly vesiculated

pyroclastic flows, with high
explosivity and increasing

repose periods

clasts and shards and intercalated

sediments

SE
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Table IV. The rhyolitic glasses

1 2 3 4
Type xenol. low Si av. Si high Si
SiO2 69.08 71.03 74.28 YASIES Y/
A1203 13.48 13.14 11.41 11.69
TiOQ .38 .26 .17 .18
Feot 4.32 3.25 2.73 2.79
MnO .16 .17 .07 .06
MgO .08 015 .02 .02
CaO 1.28 1.20 4?2 32
NaQO SRR SEE3iL! 4.82 4.53
KZO 3.43 3.54 b.17 5.24
P205 .06 083 .01 .01
Sum 97.50 97.98 98.10 100.01
F .02 L1k
il .30 SUS
CIPW norms with fixed Fe3+/Fet = .15
Nz 21.58 23.33 31.089 30.19
Or 20.90 21.34 2450 1%1! 30.95
Ab 45.63 45,84 36.15 30.94
An 1.21 1.60
Ac 1.06 1.37
Ns .98 (315
Di 4.37 3.80 1.83 {99315
Hy b.53 3.00 3.43 3.48
Mt .87 .64
11 .74 So10 5 ehs) .34
Ap L 1b .07 .02 .02
Selected trace elements in ppm
Ba 460 460 760
Sr 190 45 28
Ga 25 22 23
v 82 15 <10
Zr 765 935 350
Y 40 145 105
Nb 69 30 105
La 75 85 91

Major elements by microprobe analyses. Trace elements by emission
spectrography by H. Bollingberg, Copenhagen. The trace elements in
no. 3 are inferred from whole rock analyses.

1) Sample 19416. Microlithic, glassy rhyolite fragment. Average
of 2 analyses.

2) Sample 19416. Homogenous grey glass clast. Average of 3 ana-
lyses.

3) Average of all shard analyses, n=22.

4) Sample 19337. Average of 12 analyses of homogenous glass rim.



Table V.

Characteristic features

of the feldspars

Type 1 2 3
Max. size in mm 5 2 o )
Habit tabular elongate stubby
Twinning complex simple (simple)
" 1aws1 K,A,P,B K,A (K)
Resor'p/Exsol2 occasional rare %
Modal %3 50 50 >1
Numerical s (rang2511—25) 83 2
o {core AnlOAb810r9 AnSAb820r13 AnzAb78Or20
rim AnzAb810r17 AnzAb810r17 AnzAb780r20

Explanation:

1) K,A,P,B; Carlsbad, Albite, Pericline and Baveno respectively.

2) Resorption and/or exsolution present.

3) % of total feldspar area.

4) % of total number of feldspars.

(%]



Table VI. Representative feldspar analysis
core intm. rim micro. mic.h. quench

Si02 68.81 69.66 67.03 70.00 67.58 68.14
A1203 20.92 20.55 19.67 19.25 17.71 18.57
FeOt .28 .24 .31 ) .90 .77
Ca0 2ol 1.16 245 .30 0 )7 .93
NaQO 9.90 9.46 9.23 9.11 7.70 9.27
K20 1.47 2.34 2.99 S/ Seyly 1.46
Sum 103.52 103.41 99.49 102.3%4 97.45 99.23

Formulas based on 32 oxygens

Si 11.73 11.87 11.90 12.07 12.20 12.06
Al 4.20 4.13 b.12 3.91 PN 3.88
Fe .0k .03 .05 .06 <1 .11
Ca .39 .21 .05 .06 <1 .11
Na 3.27 Serli3 3.18 3.04 2.70 3.18
K .32 .51 .68 .72 .72 .33
Modal

An 9.8 5.5 1.2 1.4 1.8 4.8
Ab 82.1 81.3 81.4 79.7 77.5 86.3
Or 8 13.2 17.3 18.8 20.7 9

(A1l analyses from sample 19342)




Table VI1. Characteristic features of the pyroxenes

Type 1 2 3

Max. size mm, 2 5 .1

Habit stubby elongate equant
(skeletal)

Shape subhedral euhedral euhedral

Inclusions abundant rare -

Modal %l 15 80 5

Mg range .09-.03 .05-.,02 .018

(formula un.)

1: of pyroxenes present



Table VIII.

4o

Representative pyroxene analyses

Sample 19359T 19342 22154 30483
Type core rim core rim rod microh. quench corel core?2 mantle rim res. in
in fsp. zonar px. group acid gl.
SiO2 47.83 46.81 47.82 48.18 45.89 46.61 46.92 50.82 48.36 47.23 46.99 49.28
A1203 .49 .32 .39 .27 .36 .98 .83 .51 .51 .32 .50 .99
TiO2 «38 .29 .33 .30 .38 1.22 .68 .06 .32 Sy .37 .69
l'eOt 29.78 30.14 30.16 30.60 31.04 30.09 32.16 17.53 23.59 30.67 29.51 20.97
MnO 1.18 1.21 1.29 1.24 1.25 1.29 1.64 1.20 1.07 1.26 1.15 .80
MgO0 1.15 .49 .69 .26 .13 42 .48 8.76 4,75 .40 .52 6.85
Ca0 19.94 19.80 19.88 19.61 18.31 18.52 16.14 20.99 20.24 19,37 18,2y 20
Ndzq 45 48 47 .57 47 4B 41 .39 40 46 1.22 BEE]
Sum 101.21 99,52 101.01 101.04 97.82 99.63 99.26 100,25 97.36 100.15 98.57 100.1wu
Formulas based on 6 oxygens
Si 1.941 1.941 1.950 1.969 1.946 1.935 1.965 1.965 1.946 1.949 1.951 1.939
Al ..023 .018 .019 .013 .018 .048 041 .023 .02y .016 .02y .04y
Ti .012 .009 .010 .009 .012 .038 .021 .002 .010 .01y .012 .020
Fea’ .106 .121 .098 .075 .105 04y .019 .072 .096 .09y .150 .063
Fez’ .905 .92y .931 .971 .996 1.001 1.108 .495 .698 .964 .874 .627
Mn .041 042 . 045 043 .0u45 .045 .058 .038 . 036 .04y .040 .027
Mg .070 .030 042 .016 .008 .026 .030 .505 .285 .025 .032 .402
Ca .867 .880 .869 .859 .832 . 824 724 .870 . 874 .856 .813 .854
Na .035 .037 .037 045 .039 .039 .033 .029 .031 .037 .098 .025
Hol &
Ca 44,5 45.0 4h.8 44,7 42.9 3.5 38.5 44,8 44.8 44,2 43.5 43.9
Mg 3.6 1.5 2.1 .8 o4 1.4 1.6 26.0 14.6 1.3 1.7 20.7
Fe 51.9 53.5 53.1 54.5 56.7 55.1 59.9 29.2 40.7 S4.6 " 54.8 35.5

Type explanation: The first 4 analyses are two sets of analyses (core-rim) covering the whole normal

spectrum of pyroxenes observed in the ignimbrite.

Rod in fsp.

is a pyroxene rod in a feldsparphenocryst

in the hybrid fiamme. Microh. is a microphenocryst from the same hybrid fiamme.Q is an acicular pyrox-

ene in a acid quench clot. The analyses from 22154 are all from the mantled pyroxene group mentioned in

the text. The analysis from 30483 is a light yellow resorbed pyroxene in acid glass.

tribution based on stoichiometry with 4 cations and 6 oxygens.

Pez'lfe3

+

dis~




Takle IX. Minor minerals (partial analyses)
Apatite Zircon Chevkin. Fayalite
SiO2 .84 33316 19.14 30.28
Al2O3 0 .03 VA 0
Ti0, .03 0 20.83 .04
FeOt .64 . 84 11.80 67.u41
MnO A4 .08 0 3.01
MgO .01 0 .01 .16
Caol 53.69 .06 3.91 5]
Na2O G dbE .02 0 0
P205 41.39 .05 0 0
Sum 96.87 34.43 580 Slat 101.28
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Table X. Representative oxide analyses

No. 1 2 3 4 S 6 7 8 9 10 11
Phase rhombohedral spincl

SiO2 .14 .06 .07 .06 .03 .16 .28 159 .18 1.31 4z
A1203 .01 .01 .05 .02 .03 .00 L .43 . 3b .37 0
TiO2 48.24 49,30 46.47 50.06 46.58 46.81 22.11 22.20 18.53 27.82 14.72
FeOt 50.08& 48.59 48.46 49.10 51.03 46.50 70.40 70.04 75.74 65.42 76.24
MnO 1.42 1.50 1.38 1.74 1.74 1.99 1.15 1.04 1.00 1.056 1.03
Mgo .00 .03 .0y .01 .02 .02 .03 .05 .02 .03 .04
Cao .61 .00 .08 .02 .02 .00 .53 .09 .05 .08 5
Cr‘203 .01 .00 .00 .02 .02 .00 .00 .00 .01 L0 .01
V203 .18 .12

NiO .08 .00

2n0 .00 .13

Sum 100.77 99.74 96.55 101.01 99.680 95.50 94,93 94.49 95.89 9u.14 100.05
Formula based on 6 oxygens 32 oxygens

Si .007 .003 .00 .003 .002 .008 .086 .183 .055 .401 .123
Ti 1.805 1.870 1.817 1.875 1.764 1.853 5.124 §.172 4.243 6.059 H.3%6
Al .001 .001 .003 .001 .002 .000 .160 175 124 .13 1)

Cr .000 .000 .000 .001 .001 .000 .000 .000 002 L0122 L0u2
Fea‘ .368 .248 X3(515 “242 461 $277 5.422 5.118 7.274 2.91b 7.103
Fez’ 1.716 1.802 1.752 1.604 1.6489 1.770 12.718 13.026 12.012 14.150 11.981
Mn .060 .064 .061 .073 .07y .089 .300 .273 .258 .072 254
Mg .000 .002 .003 .001 .002 .002 .01y .023 .009 .01y .026
Ca .033 .000 .00y .000 .000 .001 .175 .030 .016 .026 .184
Mol proportions

Ilm 90.3 93.5 90.8 93.7 86.0 92.7 Usp 68.1 70.2 5.0 Bk .6 OB
Hm 9.7 6.5 9,2 5.3 12.0 7.3 Mt 31.9 24.8 4.0 15.4 42.5%

Calculation of Fe’* and Pe3+ based on stoichiometry (Carmichael, 1967). Ulvoespinel-magnetite

prop. after subtraction of Jacobsite, MnFeZOM. from analysis.

Explanation:

1) Sample 19337, ilmenite xenocryst. 8) Sample 22042, magnetite inclusion in px.

2) Sample 19337, ilmenite phenocryst. 9) Sample 22144, inclusion in fsp in zonar px .
3) Sample 22042, ilmenite phenocryst. 10) Sample 22154, incl. in glass incl. in zon. px.
4) Sample 19342, skeletal phenocryst, core. 11) Sample 19342, acicular mt in acid quench clot,
5) Sample 19342, skeletal phenocryst, rim. after subtraction of 22% anorthoclase from

6) Sample 19342, microcryst in hybrid fiamme. analysis.

7) Sample 19337, magnetite inclusion in px.




Table XT. Groundmass phases from sample 19337

Sanidine Anorthoclase Fe-Hedenbergite Fayalite Arfvedsonite Aenigmatite
SiO2 68.98 TASENT. 46.54 29.65 46.95 40.26
Al203 14.70 13.37 24 0 2.74 41
Ti0y .51 .08 .80 7.25
FeOt 1.54 1.20 30.93 67.16 SHAN312 45.26
MnO 1.23 3.07 2.07 .96
Mg0 .12 0 .05 .06
Ca0 .18 .06 18.79 0 .54 .30
Na2O 5.38 6.69 1016 SENTAS 6.96
K2O 6.41 2.85 1.38 .02
Sum 97.20 98.1Y4 98.96 99.96 97.63 101.48

The anorthoclase analysis probably includes some tridymite.

eh




Table XIT. f0, temperatures deduced from Fe-Ti oxides
Sample Temperature range °C -log fO2 range

1 2
19337 955-1025 943-1033 12.0-10.6 11.9- 9.9
19420 920-1000 898- 960 12.6-11.0 12.8-11.3
19359T 930-1025 888- 964 12.3-10.6 12.9-11.1
22042 1035-1090 1018-1079 10.4- 9.9 10.1- 9.2

1) Graphically determined from tables of Buddington &

Lindsley (1964), mole fractions calculated after

method of Carmichael (1967).

2) Calculated after formulas of Powell and Powell (1977)

mole fractions as suggested by Bowles (1977).

Table XITI. Plagioclase temperatures after Kudo & Weill (1970)
Sample Temperature in °C at a HZO pressure of
0 kb S5 sl 1 kb 5 kb
19342 hybride 862 824 845 885
19337 rim 933 893 908 928
19420 core 794 768 817 906
19420 intermed. 777 719 760 894
19420 rim 948 908 g2 936
22042 core Thl 671 7ale3 897
22042 intermed. 936 896 i 933
22042 rim 956 G5S G2, 938




Table XIV. Fractionation model based on three minerals

D fsp pPx 1lm P PCalc diff.
Si02 74 .28 65.01 47.60 .03 71.03 71.03 .00
Al203 11.41 19.67 .29 .02 13.14 12.98 .16
Ti02 .17 .00 .38 4g.57 .26 .20 .06
Fe203 .60 .28 1.59 7.36 .75 .56 .19
FeO 2.13 .00 29.56 42.38 2.25 2.36 -.11
MnO .07 .00 1.18 1.24 .17 .08 .09
MgO .02 .00 .33 .02 .05 .02 .03
Ca0 42 1.26 18.u47 .03 1.20 1.06 .1y
Nazo u.82 9.16 .46 .00 5.31 5.69 -.38
KQO b.17 2.29 .04 .00 3.54 3.61 -.07
Xfract. . 737 .232 .025 .001
Explanation:

D = fractionated liquid (table IV, no. 3).
fsp, px, ilm = feldspar (sample 19420, phen core), pyroxene
(sample 22042, phen core) and ilmenite (sample

19359T, phen) used in fractionation.

P = supposed parent liquid (table IV, no. 2).
PCalc = calculated parent liquid.
diff. = difference between P and P .
calc
Xf = fractionated amount.
ract.

Calculation based on method of Wright and Doherty (1970).




FIGURE CAPTIONS

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Distribution map of the ignimbrite (random bars)
showing sample locations (numbers). Stipple:
alluvium. Triangles: prominent heights. Insert
map shows location relative to the active zones

of Iceland.

Photomicrograph of pipe-vesicles distorted by

radial vesicles. Bar length: 1 mm.

Photomicrograph of star-shaped shard from 220u42.
Bar length: .25 mm.

Photomicrograph of equant shard from 30483. To
the right low vesiculated pumice (40%). Bar length:

.25 mm.

Oxide variation diagram for the major elements of
the acid glasses. Filled circles: pumice analyses.
Open circles: little vesiculated glasses from

30483. Crosses: single shart analyses from lower-
most sample 30483. Triangles: single shart analyses
from uppermost sample 22042. Diamonds: fused glass
from 19337.

Enlarged portion of the SiOZ-A1203—(Na20+KZO)
molecular diagram adopted from Bailey and Macdonald
(1970). Diamond: 18337 glass. Filled circle:
average shard composition. Open circle: low silica
analysis from 19416. Filled square: whole rock
pumice analysis (19396P) from Jérgensen (in press).
Thick line E.I.: Easter Island trend from Bailey
and Macdonald (1970). Crosses A,B,C represents
quartz-feldspar minima from Carmichael and
Mackenzie (1963).



Fig.
Fig.
Fig.
Fig. 10.
Fig. 11.
a+b
Fig. 12.

Part of the An-Ab-Or diagram with all feldspar
analyses plotted. Crosses: all analyses from
19337. Open circles: all analyses from 22024.
Inverted triangle: oscillatory zoned feldspar
from 19342. Open standing triangle: resorbed
feldspar from 19342. Filled standing triangle:
strongly normal zoned feldspar from 19342.
Diamonds: microcrysts from 19342, g designates
feldspar in acid quench clot, and h feldspar in

hybrid fiamme.

Formula units Al (symbols) + Fe (arrow points)
plotted against formula units Si. Diagonal line

represents Si+Al=16. Symbols as in Fig. 7.

Part of the pyroxene quadrilateral. Filled
circles: cores. Open circles: rims. Filled
triangle: zoned pyroxene. Sqguares: groundmass
pyroxenes. R: pyroxene rod in feldspar xeno-
cryst in hybrid fiamme. Crosses: microcrysts
in hybrid fiamme. Diamonds: quench pyroxenes
from acid clot.

At the bottom the olivines. Open squares:

phenocryst. Filled squares: groundmass olivines.

Part of the Na—(Fe2++Mn)—Mn triangle. Symbols

as in Fig. 9.

Minor elements Mn, Ma, Al and Ti in formula
units plotted against formula units Mg. Symbols

as in Fig. 9.

Formula units Al versus Ti. The two diagonal
lines represent Al:Ti 2:1 and 1:1. Symbols as
in Fig. 9.



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

13.

14.

15.

16.

17.

18.

19.

Pyroxene quadrilateral for all acid pyroxenes.
Hatched area: field of compositions from Fig. 9.
Filled circles: zoned pyroxene from 22154.

Open circles: resorbed pyroxene from 30483.

Diamonds: quench clot pyroxenes from 19342.

Oxide triangle after Carmichael (1967). Shaded
area: field fo fayalite bearing rhyolites from
Carmichael. Filled circles: the Thorsmdrk
ignimbrite oxides. Open circles: the Orafajdkull

rhyolite from Carmichael (1967).

Part of the minor element triangle for oxides
after Carmichael (2967). Symbols as in Fig. 14.
Heavy dashed lines are approximate trends for

magnetites and ilmenites in Carmichael (1967).

Groundmass feldspars from 19337 (open circles).
Diamonds are phenocrysts from the same sample.

Double circles are normative range of glass.

fO2—T diagram, with the range for the different
samples shown (graphically determined values).
The hatched circle shows the approximate position
of the groundmass assemblage from 19337. Star
indicates approximate position of hybrid fiamme

from 19342 based on two geothermometers. Buffer

curves adopted from Nicholls and Carmichael (1969).

Comparison of Fe-Ti oxide temperatures with
plagioclase temperatures for different samples.

Diagonal line is the line of equal temperature.

Crystallization diagram. See text for explana-

tion.



Fig.

Fig.

Fig.

20.

21.

22.

Variation of alkali ratio with A1203 (molecular),
adopted from Bailey and Macdonald (1870). Sym-
bols as in Fig. 6, with feldspar range for the
Thorsm8rk ignimbrite indicated on the feldspar

line.

Part of the normative Qz-Ab-Or diagram, modified

from Wetzel et al. (1978). Symbols as in Fig. 6.
Dotted line connecting crosses represents ternary
minima in the system from .5 to 10 kb PHQO. Tie

lines connect least silicic compositions with

range of feldspars from the Thorsmdrk ignimbrite.

Hypothetical N-S cross section of the crust
beneath the Tindfjallajdkull central volcano,
showing position of magma chamber and possible
level of partial melting. The boundaries 2-3
and 3-4 based on Palmason (1971). The intra-

caldera dome Ymir is postignimbritic in age.



| Dby

44

42'1

42

L 40!







- 52 —

76 Si0,

L 4 4
® * * ®
P * ® *
XXWM K 3% p
v < Xt a VA%A < seX
~of ®@ uonme e K e o« X N
o ¢ ® ° e ¢ ¢0
< < 4 < <
] ® ] ® In
o Zeo k o
® L [ ) D
b od 'O
o~
H Ho m.I. o HH o H
@)
o~ @) @) MV nw.o
a o~ Q e l? -
pd x O e <
| i I 1 ' ] 1 I I
ToRNNE To RN 3, ™ P S R

Fig.5



- §53 -

Na O«

N + KU
7

o
FELDSPAR

Fig.6

KO
2



10 °/o10W
Gl 0¢ Gl Ol
| oY A Y .
4o o V.4,
* o0 . r~e \
en \
.., st + \
/AJ o ,ao, @.U _ m
=+ \ P
_o mW/ ° \
v Yo
¥ \ 0/./W 10
S19U10 e A
I7E6L e voa >
C70¢ee o \ /
LEEBL + L —/g|

4 B

§n<



55

YA

2eX(0/1S)
0zl 611 gl LW

Sl

g big

€9

_ S | |

—&
b+

S1ayl0 o
C7€6lavve

¢v70¢2C o
LEEBL +

-

1 |
2€X(0/(}34IV)

l
o™
X




Di

En

Fig. 9




Fig.10

c
p
K
o~
(«F)
L




- 58 —

0 — ®
° ®
Y o ©
N . S, ¢
® 5, ©
° °
° ®
® ® ooo
N @
LES N
o &¢& O'b ®
o PP © o a3 »®
°.8 #q + +§®
o g © + 809 0
o) —
o #
o o O o
s H i e
| l | ] ] ]
® o) < e's) o) <
O O o o o O

9%(0/ PN)

9X(0/UW)

.04 .06 .08

(Mg/0)x6

.02

Fig.11a



- 59 -

| I | |
+ +
> 04 - o°+ % —
<
(@) +
i A ® L 0 0 o
<< .02 , ° %.;’r'f)....‘ g o
oo Og%v
E
| | | |
I l | |
o
.04 = =
©O ot
Bal +
= o
E.OZ ™ o . T
[ e o o
8%?#&‘00 ° "' e ® o
&
- l l | !
.02 .04 .06 .08
(Mg/0)x6

Fig.11b



60

Fig.12



- L

c1 b4

EAN

AV4

\

PoH

u3d



R"O

RO KR

2

2

Oq

mol°/

"3



o BB e




mol®°
An

20

10

mol®/e

Fig. 16

>0r

- Hg -



- 6§ -~

soda amph.

I I 1 I
600 700 800 900 1000 1100°C

Fig17



I 1 I |
OC '
Q
E 220472 Okb
3 950 Okb 19337 ]
)
" — 19420 Okb
- /
O .5kb
S 900 e
" - —
% S5kb
2l
B=0Okb 19342h
| | L ] |
900 950 1000 1050 1100 °C

, Fe-Tioxide temp.
Fig.18

[



Crystallization Diagram
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Appendix 1 Feldspar analyses

sample type ~ Si0,  Al,0, FeO' Cad Na0 K0 Sum An  Ab  Or

19342 ¢ 68.65  20.14 .14  1.05 9.21 2.40 101.59 5.1 #1 ' 13.9
68.16  20.20 .20  1.20 9.29 2.31 101.36 5.8 81 13.2
68.24  20.16 .17  1.02 9.31 2.19 101.10 5  82.3 12.7
68.96  20.24% .27  1.06 9.51 2.36 102.40 5  81.7 13.3
66.84  20.33 .28  1.03 9.29 2.30 100.07 S5  81.7 13.3
68.49  19.65 .31 .49 9.31 2.88 101.13 2.4 81.1 16.5
69.09  19.86 .33 .92 9.45 2.48 102.12 4.4 81.5 1u.1
67.61  20.15 .36 .99 9.52 2.55 101.17 4.7 81.1 14.3
68.6L  19.98 .25 .77 9.43 2.65 101.71 3.7 81.3 15
69.11  19.98 .29 .53 9.17 2.91 101.57 2.6 80.6 16.8
67.03  19.67 .31 .25 9.23 2.99 99.49 1.2 81.4 17.3

68.81 20.92 .28 2.15 9.90 1.47 103.52 9.8 82.1 8
67.82 20.63 .30 1.48 9.47 1.83 101.53 7.1 82.4 10.5

69.27 19.83 .28 .63 9.36 2.78 102.14 3 81.1 15.8
69.75 19.54 .33 .33 9.38 2.98 102.31 1.6 81l.4 17
69.66 20.55 .24 1.16 9.46 2.34 103.41 5.5 81.3 13.2
68.55 19.75 .30 .54 9.20 2.71 101.06 2.6 81.6 15.8
68.76 19.66 .42 .43 9.35 2.83 101.46 2.1 81.6 16.3
67.67 19.30 .63 .70 9.95 2.06 100.30 3.3 85.1 11.6
70.00 19.25 42 .30 9.11 3.27 102.3% 1.4 79.7 18.8
66.48 19.58 .56 .39 8.90 3.08 98.10 1.9 79.9 18.2
67.58 17.71 .90 .32 7.70 3.12 97.45 1.8 77.5 20.7
68.14 18.57 77 .93 9.27 1.46  99.23 4.8 86.3 9
19337 67.90 19.94 .26 .71 9.51 2.57 100.90 3.4 82  14.6
67.01 20.03 .18 .66 9.63 2.69 100.20 3.1 81.9 15
67.31 19.92 .37 .45 9.23 2.91 100.19 2.2 81 16.8
66.42 20.22 .30 .83 9.07 2.60 99.44 4.1 80.7 15.2
66.39 20.20 .28 .84 9.54 2.73 99.99 &4 80.8 15.2
68.23 19.80 .19 .36 9.30 2.99 100.87 1.8 81.1 17.2
65.73 20.35 .22 .82 9.56 2.37 99.04 3.9 82.6 13.5
67.28 20.02 .26 .62 9.49 2.66 100.34 3 81.9 15.1
30483 69.86 19.57 .31 .53 #.92 3.24 102.44 2.6 78.6 18.8

70.41 20.57 .36 1.48 9.37 1.86 104.06 7.2 82.1 10.7
68.76 21.21 .27 2.23 9.07 1.49 103.04 10.9 80.4 B.7

'10'30donodndnodno.ﬁgsSaado'ﬁdnodrﬂo‘nr}doond

70.25 19.26 42 .26 8.70 3.38 102.26 1.3 78.6 20.1
68.49 20.35 .38 1.19 8.97 2.01 101.38 6 81.9 12.1
67.84 20.29 .41 1.12 9.41 2.53 101.59 5.3 80.5 14.2
70.47 19.56 .32 .53 8.95 2.93 102.75 2.6 80.1 17.3
68.37 19.66 .30 .54 8.88 3.20 100.94 2.6 80.1 18.7



Appendix 1 Feldspar analyses continued

sample type 5i0, Al,0, Fe0® Ca0 Na,0 K,0 Sum An Ab Or
30483 ¢ 66.44 10.24 .13 .67 9.30 2.54 89.32 3.3 82 4.7
r 70.07 19.47 .28 .45 9.02 2.76 102.05 2.3 81.4 16.4
c 69.11 19.84 .27 .68 8.89 2.88 101.68 3.4 79.6 17
r 68.38 19.58 .32 .40 9.02 2.91 101.12 2 80.8 17.2
e 70.62 20.29 .29 .82 8.77 2.58 103.38 4.2 80.3 15.5
r 66.71 19.68 .32 .64 9.07 2.83 99.25 3.1 80.4 1e.5
r 70.10 19.66 .34 .51 8.90 3.17 102.67 2.5 78.9 18.5
r 70.48 19.16 .30 .41 9.06 2.91 102.31 2 80.9 17.1
r 67.27 18.54 .21 .39 8.26 3.19 97.85 2.1 78.1 19.8
19420 r 60.05 20.14 .12 1.31 9.36 2.07 93.05 6.3 81.8 11.9
c 64.94 20.81 .00 1.78 9.54 1.59 98.66 8.5 82.4 9.1
c 63.46 20.81 .29 1.91 9.74 1.45 97.67 9 82.9 8.1
c 67.04 19.89 .16 1.01 9.67 2.42 100.19 4.7 81.8 13.5
r 63.91 19.21 .21 .41 9.14 2.87 95.75 2 81.2 16.8
c 65.01 19.67 .28 1.26 9.16 2.29 97.68 6.1 80.6 13.3
r 60.13 18.80 .21 .42 9.14 3.15 91.85 2 79.8 18.1
r 67.40 18.88 .19 .54 9.01 3.01 99.03 2.6 79.8 17.5
r 62.17 19.82 .28 1.07 9.30 2.47 :95.11 5.1 80.7 14.1
22042 ¢ 68.15 20.22 .31 .91 9.19 2.71 101.50 4.4 80.1 15.5
r 62.88 20.48 .32 1.86 9.50 1.61 96.65 8.9 82 9.1
c 66.09 20.19 .32 1.66 9.53 1.85 99.56 7.9 81.7 10.4
r 66.81 19.24 .25 .56 9.28 3.02 99.16 2.7 80.2 17.2
19337 Groundmass feldspars
g 63.56 16.14 2.07 1.01 5.72 6.85 95.34 5.2 53 41.8
g 57.24 13.04 1.64 .00 4.90 5.63 82.46 O 56.9 u43.1
g 65.13 14.52 1.70 .54 5.34 5.90 93.13 3.1 56.1 40.8
g 67.68 12.21 1.80 .06 4.14% 5.29 91.17 .4 54,1 45.5
g 68.98 14.70 1.54 .18 5.38 6.41 97.20 1 5H.4 43,5
g 67.62 13.75 1.75 .09 6.75 2.75 92.70 .5 78.4 21
g 73.97 13.37 1.20 .06 6.69 2.85 98.14 .4 77.8 21.8

type explanation: ¢, core. r, rim. m, microcryst. mh, microcryst in
hybrid fiamme. q, feldspar from acid quench clot. b, band in feldspar

between core and rim. g, grounmass feldspar.



Appendix 2, Pyroxene analyses continued
type

sample
19358T

19337

30483

18420

ass

35 0 B 0 B8 83 FE 0 0

rlc

rlr

Sio

L8

L8.
L8.
52.
L8.
.99
7.
L8.
48.
7.
7.
7.
7.
7.
.73
7.
u7.
7.
L7.
L7.
L8.
L8.
L4g.
L46.
L8.

47

L7

2

.46

33
10
09
06

89
69
27
82
58
71
65
78

77
11
76
86
82
18
53
28
10
16

Al203
42
.43
42

3.33
.36
41
.35
.36
)
. 36
.36
.39
.37
.46
41
.38
.34
b
.34
.39
.27

1.13
.95
.37
.43

TiO
.34
.35

34
49

.32

43

.38
.35
.38
.35
.31
L2
.34
.36
.29
.34
.30
43
.40

33

.30
.90
.69
43
.45

2

FeO-t

30

7
30

30

30

30

30

29

30

20

.30
29.
29.
.75
.43
29.
29.
.61
N
30.

57
80

by
70

37

.04
30.

31

.18
29.
.62
29.
30.

9y

68
35

.69
30.
30.
30.
23.

53
16
60
79

.97
31.
31.

85
22

MnO

.30

1.19

[EN

O T S T N N R

.16
.18
.16
.20
.26
.21
.23
.15
.17
.23
.26
.10
.12
.23
.22
.26
.13
.29
.24
.90

80

1.09
1.06

MgO
47
.81
.80

15.19
.53
77
.59
.55
.84
.46
.60
.43
.52
.86
.71
.63
.50
.52
.30
.69
.26

4.99

6.85
47
.99

Cao Na20
18.19 .55
19.25 .43
19.24 43
20.77 32
18.88 .ub
18.91 42
19.04 .46
19.16 .50
18.95 43
19.38 .ub6
18.76 45
18.86 L8
19.54 46
19.61 .45
19.44 b1
19.14 50
19.u48 L6
19.56  .h4u
19.41 .55
19.88 .47
19.61 .57

.01 .30
2C.26 .33
18.58 .52
18.72 .50

o o o o o R

.01

.01

.01

O O O o o o o o o

.
o
N

o o o o

0

o O o onN

.01

o o o o

.01
.01

o o o o

.01

.02

.05

.01

Cr203
.02
.01
.01
.17
0
.01
0
0
.01
.01
0
.09
.01
0
0
.0k
.02
0
.03
0
0
.02
.04
0
0

Sum
100.
100.
100.
101.
100.

99.

99
101.
102
100.

99.

99.
100.
100.

99

99.

99.
101.
100.
101.
101.
100.
100.

99.
101.

oL
37
30
29
22
61

.68

45

.02

L6
28
93
33
66

.72

71
78
12
54
01
11
58
18
4o
53

Ca

42.
T
by,
43,
43.

by

by,
43.
by,
by,
43,
43.
by,

Ly

Ly,

Ly

by,
T
by,
by,
by,

o
43

b2.
42.

.
N oo O NN F w9 NN

.9
1
1

15.3
20.7
1.5
3.1

Fe

55.7
53.1
53.3
12.6
54.8
53.5
53.8
54.5
53

S54.2
5L4.5
54.9
53.8
52.7
53.1
53.6
54

5L4.2
5L4.6
53.1
54.5
4L0.8
35.5
56.4
54,8



Appendix 2, Pyroxene analyses continued

sample
19420

22154

30476

type

0o 0 0 0 8 0 0 838 0

0o 0

5 0O 3 -

SiO2

3.
3.
L5,
5.
L8.
L48.
L8.
b7,
buy.
bs.
46,
46.
45,
b6.
Le.
Le.
50.
ug.
Lg.
Lg.
4g.
ug.
7.
46.
b7,
y7.

39
88
16
88
07
47
52
96
59
01
89
52
46
Ly
13
56
82
05
36
92
13
62
23
99
15
69

A1,04
.78
.71
.31
40
.31
.32
.35
41
.24
.34
.27
.26
.25
.50
.39
.29
.51
.34
.51
.L8
Sy
.41

2

. .
w U w
[ ]

N
{e2)

TiO2
.92
1.17
.41
b
.32
.33
.36
.36
.40
.32
.36
.37
.27
.39
.33
.31
.06
.21
.32
.15
.29
.16
Ly
.37
.45
.36

Feo®

30.84
81.12
32.46
32.50
30.60
32.12
30.13
30.87
31.31
30.42
30.39
30.44
30.49
30.36
29.99
30.92
17.53
18.23
23.59
17.86
22.63
22.76
30.67
29.51
30.7¢
30.31

MnO

1.01
1.12
1.12
1.13
1.23
1.20
1.25
1.33
1.19
1.25
1.23
1.28
1.17
1.29
1.19
1.17
1.20
1.24
1.07
1.37
1.22
1.12
1.26
1.15
1.14
1.13

MgO

o o0 o F£ 3 o

.33
.32
.40
.41
.32
.31
.53
.37
.29
.52
.35
.35
.30
.96
.46
.33
.76
.87
.75
.21
.64
.37
.40
.52
.32
.29

Ca0l NaQO
17.71 1.02
17.61 .94
18.65 .u8
18.65 .52
18.98 .52
19.20 .u8
19.71 .45
19.04 .45
18.51 .54
18.61 .47
18.67 .53
18.87 .52
18.70 .52
19.23 .43
18.25 .50
18.14 .52
20.99 .39
21.03 .40
20.28 .40
20.62 .38
19.27 .44
19.58 .42
19.37 .46
18.28 1.22
19.12 .50
19.902 .52

KZO P

.09
.05

.0b
.02

.07
.01

o

.05
.02

oD O o

o o

.01

D O O

[}

05

o oN

.03

.01

o o o o

.03

.03
.03
.03
.01

.04

.07
.02
.07
.01

.02

Cr20

.02

.02
.0L
.0L
.02

o o o o

.01

.02
.01

.01

.02

.04

.02
.01

Sum
96.
96.
99.
99.
100.
102.
101
100.
97.
96.
98.
98.
97.
99.
97.
98.

100.
7.
99
88.
99
98.

100.
98.
83.
99.

a9
91
oL
93
nn
4g

.36

89
09
97
75
65
20
B4
29
25

29
38

.28

01

.12

50
26
65
71
61

Ca

b1.
b1,
b1.
b1.
L3.

L3

by,
43.
42.
43.
43.
43.
43.
43.
43.
u2.
by,
45,
by,
Uy,

43

43.
T
u3.
43,
by,

o o W O W

@ o U0 o U KLY F O o O N N9 O

Ve IS I N R

=
0]
w w PP

O S

(7 SN NN
[ ‘- I RS

I
oo

N
(o]

23.7
14.6
24.8
17.5
16.7

[y
.
w

[EENEN

Fe
57
57.
56.
56.
55.
56.
53.
55.
56
55.
55.
55.

.

o ow v W R F N O R v o F

[Sal
(Sl

53.
55.
56.

29.
30.
uo.
30.
39.
39.
Sk,
Sh.
55.
Sy,

O B oo O O U0 w =N o N



Appendix 2, Pyroxene analyses continued
sample type SiO2 Al,0, TiO2 FeO MnO Mg0 Ca0 Na,0 K,0 P205 Cr,0 Sum Ca Mg Fe

19342 48.27 .49 .55 29.31 1.27 .98 18.78 .44 0 0 O2 ; 200.09 43.7 3.2 53.2
47.56 47 .40 30.00 1.34 1.1y 19.63 .44 O .02 0 101.00 ULk, 3.6 52.5
rd 45.89 .36 .38 31.04 1.25 .13 18.31 .47 .05 .01 O 97.88 42.9 .4 56.7
mh 46.61 .98 1.22 30.09 1.29 .42 18.52 .48 .05 .01 .02 99.70 43.5 1.4 55.1
mh 45.06 .58 1.06 30.41 1.39 .34 18.34 .47 .08 O 0 97.74 43.1 1.1 55.8
mh 43.77 .75 1.19 29.96 2.41 .38 18.56 .54 .C4 O 0 97.60 43.7 1.2 55.1
mh 42.36 .94 .99 30.05 1.23 .45 18.52 .48 .04 .05 O 95.10 43.5 1.5 55.1
mh L. 37 .77 .87 29.60 1.26 .45 18.23 .44 .85 .02 O 96.07 43.5 1.5 55.1
q 46.92 .83 .68 32.16 1.64 .48 16.14 .41 .g4 .03 .06 99.39 38.5 1.6 59.9
q 47.23 .78 .37 30.55 1.80 .50 17.22 .42 .85 .01 O 98.93 41.2 1.7 57.1
30474 48.26 .29 .43 30.31 1.17 .37 19.08 .53 .01 O 0 100.46 44.1 1.2 54.7
48.92 .34 .37 30.27 1.22 .54 18.37 .53 .05 O 0 100.60 43 1.8 55.3
b7.71 .40 .34 30.52 1.32 .49 18.u44 .53 C .01 .01 99.79 42.9 1.6 55.5
22042 48.85 41 .60 30.59 1.50 .24 18.46 .50 .uo .03 O 101.22 43.3 .8 56
49.38 .51 .40 29.52 1.22 1.34 18.47 .44 .22 O 0 102.31 43.9 4.2 51.9
438.07 .51 .33 29.36 1.20 1.44 19.88 .46 .21 .01 .01 102.29 b4u.4 4.5 51.1
47.95 .29 .28 30.92 1.26 .43 20.05 .46 ¢ 0 .03 101.67 u44.8 1.3 53.9
47.6 .29 .38 30.93 1.18 .33 19.86 .46 .Ch O 0 101.07 44.7 1 54.3

Type explanation: ¢, core. r, rim. i, intermediary postion. 1, light pyroxene. ass, pyroxene associa-
ted with the zonar pyroxene above in aggregate. rlc, rlr, light resorbed pyroxene in acid glass, core

and rim respectively. rd, pyroxene rod. mh, microphenocryst in hvzrid fiamme. q, quench pyroxene in
acid guench clot.

SL



Appendix 3, Olivine analyses
Al. 0O

Sample
19359T

18337

138420

19342

X: sum includes ZnO:

type

SiO2
30.856
29.88
30.03
30.25
29.80
31.41
30.28
30.91
29.79
31.04
30.77
30.51
30.86

2

.0

0
0
0

.01

0

.01

02
01

3

Tio
<03
.06

.04

.03
.05
.11
.06
47

.05
.10

FeOJC
69.58
68.26
67.53
68.73
67.71
68.10
67.41
67.66
69.36
638.22
69.51
69.55
66.69

MnO

2.74
3.10
2.96
3.24
3.01
3.07
3.01
2.96
2.96
3.03
3.28
2.95
3.53

MgO
.18
.1y
.15
.20
.17
.16
.16
.16
.16
.20
.18
.19
.15

CaO
.35

o o o o

.37
.39
.33
.34
.38
.35
.33
.37

Na2O

.Ob
.03

.06
.03
.06

.03
.0u
.06
.03

KZO P205 Cr2O3

0
0
0
0

03

.01
.02
.04

.02

o O o o o o o

01

.01

0

.02
.01

0
.01
0
0
0
.01
0
.01
.04
.01
0
0
.06

Sum
103.86
101.49
100.70
102.44
100.70
103.22
101.36
101.36 .
102.94%
104.541
104.17
103.66
101.82

Fa

99.5
399.6
399.6
99.5
399.5
39.6
399.6
399.6
99.6
399.5
99.5
99.5
39.6



Appendix 4, Ilmenite .analyses

t

sample SiO2 A1203 TiO2 FeO MnO  Mg0 CaO Cr,04 V,0, NiO ZnO Sum Ilm Hem
19337 .02 .02 48.19 u48.60:°1.42 .02 O 0 = = = 98.32 92.6 7.4
.10 .01 47.38 48.38 1.43 0 .01 0 = & ~ 97.30 92.1 7.9
0 0 46.97 47.87 1.45 .03 O 0 - = = 96.31 91.9 8.1
.10 .03 48.94 u48.14 2.03 .05 O .02 .17 .01 .01 99.50 93 7
.06 .01 49.51 u48.12 2.34 .02 .01 0 .15 .02 .08 100.32 93.2 6.8
.06 .01 49.30 u48.59 1.50 .03 QO 0 .12 0 .13 99.74 93.5 6.5
.01 .02 48.62 49.65 1.41 .04 O .01 .15 .08 .11 100.23 91.4 8.6
.06 0 48.88 u48.48 1.53 .04 O 0 .15 0 .24 99.38 92.9 7.1
.05 .03 51.10 50.66 1.46 .01 .08 0 .16 .04 .09 103.68 93.2 6.8
<1u .01 48.24 50.08 1.42 QO .61 .01 .18 .08 O 100.77 90.3 9.7
19420 .10 .04 47.70 48.10 1.44 .04 .35 0 - = = 98.68 92.1 7.9
.08 .02 50.66 49.26 1.61 .C4 O .01 - = - 101.69 94.3 5.7
.08 .01 49.53 u48.97 1.64 .01 .02 .04 = - - 100.29 93.4 6.6
89359 .12 .01 47.71 49.10 1.42 .04 .05 12 - - = 98.77 91.6 8.4
.01 .0l 48.97 49.97 1.16 .03 .06 .02 - - - 100.26 92.2 7.8
.10 .02 48.13 18.80 1.16 .04 O 0 ~ = - 98.23 92.7 7.3
.08 .03 43.60 u49.14 1.34 .03 .03 0 — - - 100.25 93.6 6.4
0I5 .02 48.30 u48.41 1.37 .01 .04 0 = ~ - 98.20 93. [
.02 .02 48.04 u48.03 1.30 .03 .07 0 - = - 97.51 93. /5
.03 .02 48.57 49.00 1.24 .02 .04 0 = - - 98.93 92.8 7.2
19342 sc .06 .02 50.06 49.10 1.74 .01 O .02 - - = 101.01 93.7 6.3
sr .03 .03 46.58 51.03 1.74 .02 .02 .02 = - - 99.60 88. 12.
mh .16 0 46.81 u46.50 1.99 .02 .02 0 = = - 95.50 92.7 7.3
22154 zp .03 .02 48.70 u48.11 1.47 .02 .02 .03 — - = 98.40 93.5 6.5
30476 .04 .03 47.22 47.38 1.31 .02 .10 0 = ~ = 96.10 92.8 7.2
22042 .07 .05 L6.47 u48.46 1.38 .04 .08 0 = = —~ 96.55 90.8 9.2
.0k .03 51.75 46.57 1.29 .01 O 0 -~ - - 99.69 98.6 1.4

Type explanation: sc,sr, core and rim from sceletal phenocryst. mh, microphenocryst from hybrid
fiamme. zp, from zonar pyroxene group.

LL



Appendix 5, Magnetite analyses

sample <type SiO2 A1203 TiO2 Feo® MnO MgO CaO Na2O K,0 Cr,04 Sum Usp Mgt
19337 - .28 Ly 22.11 70.40 1.15 .03 .53 = = 0 94.93 65.8 3u4.2
19420 = .17 il 20.61 70.81 1.18 .01 .33 ~ - 0 93.42 61.8 38.2
193597 ~ 1.17 39 19.00 74.11 .81 0 .23 - — .06 95.93 61.5 38.5
agg .14 1310 18.87 71.75 1.07 .09 O - - .01 92.36 59.5 U40.5
agg .12 .34 19.36 72.49 1.11 .01 O -~ ~ .0l 93.50 60.2 39.8
agg .20 SRS 20.23 72.58 St IISINI028N0 = = .03 gL .42 62.2 37.8
19342 qa) 14.65 L4.32 14.11 56.07 .74 .04 .74 1.25 .54 .01 96.41 - =
qb) .42 0 19.72 78.24 1.03 .04 .59 ~ - .01 100.05 57.5 42.5
22154 ZDpX .18 1316 18.53 75.74 1.20 .02 .05 ~ = .01 95.89 5Sc. by,
zig 1.31 S &I 27.83 65.42 1.05 .03 .08 = - OIS g4 .14 84.6 15.4
zf .19 .02 17.08 76.74 .98 .02 O = = 0 9ISPIQI3INST2fe 48.
.20 .54 21.22 72.26 1.08 O .12 = — 0 95.42 65. SIS
= .09 .39 21.27 68.16 1.14% .04 .04 - - 0 91.13 67.5 32.5
30474 - .13 .39 20.22 73.26 .10 .02 .38 - - .01 95.41 60. 40.
22042 - .38 47 21.42 69.67 1.11 .05 .07 = = S10I3 93.20 68.1 31.9
= e .48 22.20 70.04 1.04 .05 .09 = = 0 g4.49 70.2 29.8
- .29 .40 22.92 66.01 1.02 .01 .28 = - 0 90.93 74. 26.

a) original analysis, b) recalculated to 100 after subtraction of 22% anorthoclase.

Type explanation: agg, from aggregate of pyroxene, feldspar and magnetite. q, acicular magne-

tite from acid quench clot. zpx, in zonar pyroxene. zig, in glass inclusion in zonar pyroxene.
zf, from inclusion in feldspar in zonar pyroxene group.



Appendix 6, Chevkinite partial analyses

sample type SiO2 A1203 TiO2 Feo®t MnO MgO CaO NaZO KZO P205 Sum
19337 — 18.91 .24 18.09 12.40 O .01 3.39 .08 .04 OIS 53.20
18.22 SF245 18.94 12.16 O .02 3.65 O .03 0 53.26
19359T — 19.14 .22 20.83 11.80 O .02 3.91 O 0 .08 56.00
= 18.77 .24 20.10 12.19 O 0 3.60 O .02 .01 S4.92
19420 = 17.21 24 19.99 12.26 O 0 3.30 O 505 .04 53.08
- 16.84 5ac) 19.75 12.39 0O 0 3.29 O .07 .06 SPI615
- 18.80 .21 20.54 12.09 O 0 3.90 O .04 .04 SISTIG]S
= 18.11 .21 20.04 112.70 O .03 3.92 0O .04 .02 S4.08
19342 - 17.83 .26 20.15 11.84 O .01 3.54 O 0 SUE 53.17
= 17.26 Y210 20.12 11.78 .01 O 3.81 0O .02 .07 SRS
- 17.03 .26 - 11.42 - 0 3.86 O .01 - 32.67%
22042 = 18.56 27 18.86 11.81 O .02 3.61 O OIS .08 DEIGVAES

x: includes BaO:.04, SrO:.04



Appendix 7, Mafic groundmass phases from sample 19337

sample type

19337 arf
arf
arf
&n
®n
pX
pX
ol
ol

Type explanation: arf, arfvedsonite. @n, @nigmatite. px,

SiO2
50.07
51.95
46.95
40.65
40.26
46 .54
46.98
30.36

29.65

A1203
<74

1.15

2.74
1010
41
.27
.28
.03
0

TiO

2

.03
.80
6.91
7.25
.51
0
.06
.10

FeO "
35.07
39.25
37.32
45.90
45.26
30.93
30.65
66.94
67.16

MnO MgO
2.23 .09
2.07 .05
1.03 .10
.96 .06
1.23 .12
1.17 .14
3.06 0
3.07 0

Ca0l

1.34
.60
.54
.28
.30

18.79

18.51
.01
0

NaZO
6.18
5r19:1!
SIN7Ad
7.08
6.96
o6
.48
.05
.04

K,0
.61
.85
.38
1013
.01

.02
Sl
0

pyroxene.

P20

0
0
0
.05
0
.01

.01
.02

ol,

5

Sum
93.10
102.66
97.63
102.36
161.52
98.96
98.30
100.54
100.05

olivine.

Ca

43.6
43.4

Mg

" Fe

56
56.1



Appendix 8, Acid glass analyses

sample
19337

30483

19420

19416

19342

type
I
I
I
I
I
II
IIT
IT
ITI

VI
VI
VI
VII

<
—
—H

Lo I o B v B o B o BN /2 T v B V2 T V5 R v B V) |

obs
obs

obs

o ho Hh Fh

0

fh
fth
fh
fh

SiO2
76.01
74.83
76.00
76.00
75.80
76.30
R3EFIRS
76.49
74.03
73.67
ASEE312)
FLSE3N
75.80
7511016
73.97
74.12
76.76
73.50
72.04
[ASEIoIE
77.65
73.47
70.73
73.59
74.68
73.70
75.10
74.31
74.02
70.08
68.49
69.00
69.57
69.08
69.58
71.98
70.61
74.45
74.40
72.64
74.36
71.03
68.u46
66.69
67.77
70.19

Al2
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
akal o
11.
.68
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
.60
11.
12.
11.
11.
12.
ahZ3 c
12.
10.
10.
11.
11.
11.
10.
10.
11.
11.
L&) c
13.
11.
11.
11.

11

12

)
96
85
74
54
82
45
75
67
67
07
72
BY4
53

67
12
71
95
67
88
87
45
20
40

30
01

82
93
65
88
77
87
98
05
29
23
93
85
14
59
14
07
60
06
33

TiO
.18
.18
.23
.17
<17
.14
.18
.21
.15
.15
.18
.17
.16
.19
.17

.15
.20
.18
.19
.16
.18
.17
.15
.26
.16
.43
.09
.22

2

FeO

PO N N NN W R W RN RN RN DN DD NN NN RN WD NN NN

N D NN F F F oo NN

2

N D N ww DN NN

81

.89
o0 08
.87
.79
77
.20
.77
.83
.92
.72
.78
.91
.96
.83
.81
.57
.03
.60
.05
.50
.87
.48
S&
W41
S35
.90
088
.66
.05
.09
.17
.55
41
.56
.53
.85
A3
.94
.92
.87
088
0 438
.22
.90
.29
.12

MnO
.06
.05
.08
.06
.06
.08
.06
.08
.07
.05
o 72
.04
.05
.04
.08

.09
.05
.09
.07
.04
.06
.06
.10
.07
.17
551/
.10
.07

.06

Mg0 Cal
0 .36
.03 .36
.02 .29
.02 .29
o8 o8l
[0 g &kl
202 82
002 o8B
0 .36
.08 .24
.02 .31
0 .38
.02 .28
.02 .34
.02 .45
- .19
- 088
<8315
- 4y
- SF315
= o &l
- .38
= 41
~ o)
- 42
- .28
—~ 4y
- .27
Q 42
= o 28
- .18
a3l o A7
01 .41
02 .4y
01 .31
.04 .38
.01 .34
.01 .37
.01 .34
< 0A8 0136
OIS IEY319
.05 1.20.
.02 .43
.01 .3y
.08 .38
.04 .39

Na,O

.60
.60
L4y
.58
.40
.25
.48
.41
.57
.41
.51
.55
.73
.29
.61
.03
.31
.00
.76
L1y
.70
.85
.61
.69
.18
.02
.09
.91
.52
.02
.16
.74
.66
.78
.83
.73
.59
i
.83
.85
.31
.84
.53
.83
4.23

w £ F 00 F F £ F £ F£F F £ £ F F £ F 0O 00 wEEFE F O F 000 £ FF FF F o0 F F £ F FFF £

K20 P205
5.18 O
5.23 O
5.31 .02
5.40 .01
5.27 0O
4.35 .03
5.21 .01
SEEIFIN 0
5.25 .02
Ao8E o0z
4.96 .02
4.67 .01
4.97 .01
4.76 .01
4.78 0
3.78 -~
4.10 -
4.02 -
4b.32 -
4.04 -
4.21

3.80 -
3.82 -
3.86 -
5.05 =
4.53 -
4.16

b.26 -
4.30 .01
4.53 -
4.17 -
4b.47 0
4.15 0
4.18 .03
4.27 .02
4.34% .01
4.23 .01
4.27 .01
4.32 .01
4.29 .01
4.10 .01
3.54 .03
4.50 .01
4.24 .04
4.21 .04
4.25 .08

Sum
101.22
99.86
101.16
100.72
100.81
100.28
97.72
101.44
98.88
96.10
99.84%
99.70
100.33
99.66
98.24
96.39
100.98
97.73
96.51
99.08
102.05
96.28
93.36
96.23
98.79
98.49
100.16
98.41
98.71
97.12
94.92
96.92
92.39
92.15
93.29
95.97
94.12
97.76
97.83
96.42
98.10
97.98
94.88
90.88
89.82
92.91



Appendix 8, Acid glass analyses continued
t

sample type SiO2 Al2O3 TiO2 FeO MnO MgO CaO Na2O KZO P2O5
30476 P 70.22 11.55 .31 2.52 .12 0 .38 L4.67 4.09 .04
P 71.86 11.46 .07 2.84 .10 O .36 4.72 4.01 .02
me 71.67 8.82 .11 1.31 0 .34 .54 3.19 3.58 .16
s 73.03 11.58 .16 .86 .17 .02 .33 4.74 3.91 .02
S 74.32 11.50 .16 2.79 .02 0 .37 4.87 4.22 O
S 72.97 11.49 .32 2.93 .06 0 .41 3.74  4.16 .01
30474 s 73.37 11.37 .18 2.91 .07 0O .40 4.89 4.21 .01
s 73.59 11.18 .16 2.84 .08 .02 .43 4.89 4.26 .01
s’ 69.79 10.73 .13 2.55 .06 .01 .43 4.60 4.02 .02
1 69.27 13.26 .39 4.80 .19 .13 1.33 5.37 3.77 .03
22042 s 75.68 11.23 .19 2.76 .07 .01 .42 4.86 4.13 .01
s 73.64 10.96 .21 2.69 .05 0 43 4.78 4.12 O
s 74.09 11.98 .11 2.54 .06 0 .40 5.15 3.99 .05
s 74.14  11.87 .06 2.45 .09 O .49 5.01 3.57 O
s 71.98 10.91 .23 2.57 .09 .06 .42 4.76 3.43 O

Type explanation: roman numerals, fields of

analysis in sample 19337. s,

analysis. p, pumice analysis. obs, little vesiculated obsidian fragment.

Sum
93.90
95.44
89.72
96.52
98.25

36..09
97.41
97.34
92.34
98.54
399.35
96.88
98.37
97.68
94 .45
shard

1, low

silica shard or pumice fragment. f, fiamme in welded vitric ignimbrite. fh, hy-

brid fiamme. mc, microcrystalline fragment.

Appendix 8, Acid glass analyses (OH programme)

t

sample <type SiO2 Al2O3 TiO2 FeO Mno
18337 VvIIT 76.84 11.39 .26 2.85 .16
YITII 74.56 11.32 .27 2.41 .07
7III 77.76 11.44 .15 2.27 .09
IX 74.71 11.37 .10 2.73 .03
IX 72.02 11.67 .16 2.32 .13
IX 75.18 11.59 .23 2.10 .06
IX 72.64 11.60 .17 1.97 .02
IX 75.67 11.41 .08 2.26 .07
22042 s 72.01 11.26 .06 2.48 .08
S 72.87 11.54 .15 2.89 .05
s 72.12 11.54 .25 2.44 .04
s 73.84 11.79 .07 2.72 0
s 75.51 11.75 .08 3.02 .03
S 71.06 11.67 .24 2.58 .04
P 69.82 11.43 .12 3.54 .05
p 69.56 12.17 .18 4.00 .07
het 73.51 13.03 .11 3.05 .09

Sum corrected for F and C1

explanation: roman numerals,; fields in sample 189337. s, shard. p,

het, heterogeneous looking clast.

MgO0 Ca0 NaQO K20 F Cl
0 .28 4.43 5.18 O .27
.03 .35 4.59 5.26 0 .28
0 .37 4.53 5.38 .38 .22
.03 .39 4.66 5.12 .07 .22
.01 .42 4.81 5.09 .24 .29
0 .29 4.65 5.55 .24 .27
0 .36 4.55 5.24 .10 .26
0 .38 4.48 S.44 .12 .30
0 .43 4.77 3.98 0 .26
.02 .41 4.91 4.05 .05 .29
.01 .38 4.87 4.01 0 .26
0 .42 L.97 4.03 0 .29
.01 .48 5.13 4.19 .05 .28
.02 .3% 5.17 4.08 .02 .33
.14 .36 .44 2.97 0 .18
.01 .99 5.12 3.93 .05 .15
.01 .64 5.37 3.31 0 .20

pumice.

Sum
101.60
949.08
102.38
99.35
36.79
100.00
96.31
100.089
95.28
97.14
95.96
98.06
100.46
95.47
93.01
96.18
99.27





