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Abstract. The paper deals with the results of mineralogical and chemical
study of dacite — the main rock type forming Quilotoa volcano in the West Cordillera
of the Ecuadorian Andes. Phepocrysts of hornblende, biotite and plagioclase Were

separated and examined particular attention being paid to glomerophyres of the

)

latter mineral. No matter of comparatively easy accessibility of this volcano, its
products were not yet studied in detail.

INTRODUCTION

Quilotoa (3981 m) is one of the eight active volcanoes in Ecuador. It
is situated within the West Cordillera (0252, 78°55 W) and the products
of its activity are overlying Cretaceous volcanites, Upper Cretaceous-
_paleocene sedimentary rocks and Quaternary fluviatile deposits (Fig. L)
It consists of a broad truncated cone with explosive caldera, ca. 3 km in
diameter. Its internal part is tilled with crater lake ca. 9 km in diameter,
from the bottom of which H,S and CO, are evolving. The mineralization
of water is nearly 7 g per litre and its temperature is by 5 to 10°C higher
than the average annual of the environment. Hot springs are active at the
eastern foot of the slope, accompanied by exhalations.

Actually Quilotoa is in a state of dormancy. In historic times a power=
ful eruption of 1660 is noted when ashes were deposited up to Quito.
Lesser eruptions and changes in crater lake level were observed in 1725,
1740 and 1759. No lJava flows were observed. It is supposed that earlicr
explosive activity of this volcano was accompanied by lahars.

Volcanic cone consists mainly of dacitic lavas, pumiceous tuffs and
subordinate andesites. These products were not yet studied in detail.

General geological investigations of Quilotoa were carried out mainly
at the end of XIXth and the first decade of XXth century. The results
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Fig. 1. Geological sketch of the region of Quilotoa volcano
(after Mapa Geologico del Ecuador, 1969)

1—2: Pliocene-Quaternary: 1 — deluvial deposits, morains, fluvial and lacustrine sedi-
ments, 2 — volcanic rocks; 3: Paleocene: red shales and conglomerates; 4—5: Upper
Cretaceous-Paleocene: 4 — granites and diorites, 5§ — flysch deposits; 6: Cretaceous:

volcanic rocks with sedimentary intercalations; 7: Faleozoic?: metamorphic rocks; 8&:
extinet volcanoes; 9: active volcanoes :

were summarized by Hantke and Parodi (1966), and S
data presented here are due just to these autho;s,. bd Sei il

Samples were collected within internal

2 i { part of caldera, approxi

%0 rfcxhbelow its southern margin, during a short reconnaissancpepca:‘(;irggtgz
y the membres of Czechoslovak-Polish Expedition ”Cotopaxi 72”. Brittle
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rocks of grey dacite, locally grading into more compact, silicified variety,
are exposed on a steep slope, being covered with pyroclastic material and

Zlope debris. Of these rocks, the unaltered one was examined more in
etail.

Rock samples were collected by A. Paulo, who is the author of geological part
and examined mafic and opaque minerals. General microscope investigations and
X-ray and infrared spectroscopic studies of feldspars were carried out by A. Ma-
necki, while detailed examination of plagioclasic glomerophyres are due to Z. Gu-
mowska. Chemical analyses of rocks and minerals, recalculations and comparison
with other data were carried out by W. Narebski, whereas trace element determina-
tions — by N. Bakun-Czubarow and Z. Wichrowski.

METHODS OF INVESTIGATIONS

Examinations of rocks and minerals in question were carried out by
means of microscopic, X-ray, infrared spectroscopic, chemical and emis-
sion spectrographic methods.

Microscopic observations were carried out both in thin
and polished sections. Detailed study of glomerophyric plagioclase pheno-
crysts was made using universal stage. Refractive indices were determined
in powdered specimens using immersion method. Birefringence was
measured by means of Berek-Ehringhaus compensator.

Xi=ray studies were carried out using TUR—M—61 diffracto-
meter by applying CoKe and CuKe radiations, time constant — 4, com-
pensation — 15, GM counter scanning speed 15" per min, recording chart
speed 600 mm per hour. Powdered samples were placed in glass cuvettes
20 mm in diameter. Quartz standards were used for calibration of reflec-
tions. Basal reflection pattern of biotite was recorded by examining
samples oriented by sedimentation, whereby DRON-1 diffractometer with
scintillation counter and CuK« radiation were used.

Infrared absorption investigations Wwere carried out
by means of infrared UR-10. C. Zeiss spectrophotometer in the range
400—1400 cm~1. Samples were prepared as KBr disks.

Chemical ana lysis. Major elements were determined after
fusing with soda and subsequent separation of silica by evaporation wi_t‘n
HCl and of sesquioxides from divalent elements by precipitation v_v1th
urotropine. Silica was estimated gravimetrically, while in the solutions
thus obtained alumina, total irom, calcium and magnesium Were deter-
mined by complexometric titration, whereas titanium, phosphorus 'and
manganese using photocolorimetric methods (Narebski 1962). Ferrous 1ron
was estimated by J acob’s procedure and titration with dichromate. Alkali
metals were determined by flame photomelry after decomposing the
sample in HF + H,SO4 mixture. These soluticns were also used for con-
trol estimations of Al, Fe, Ca and Mg. Because of low amount of the ma-
terial separated, analyses of minerals were carried out in solutions ob-
tained for alkali determination and using sermni-micro complexometric and
oxidimetric titrations with very diluted reagent solutions.

Trace element content was determined Dby spectrochemical method

using DSF-13 grating spectrograph.




Typical dacite of Quilotoa volcano represents a phorphyric rock dis~
playing unoriented and locally fluidal structure (Phot. 1). It contains nu-
merous plagioclase phenocrysts, up to 10 mm in size,
hibole, biotite and, sporadically, quartz. Hypocrystal-
line groundmass is light grey in colour. It consists of isotropic glass matrix
embedding numerous plagioclase microlites and low
d opaque mineral grains.
(Fig. 2), plagi
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Table 1

Chemical and normative mineral composition of dacite from Quilotoa
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Component Cation Ritt Niggli
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Chemical composition of the rock el
(Tab. 1) and the position of its Chemical analyses
projection pointed on Streckeisen’s and calculated average composition
classification diagram clearly indicate of plagioclase glomerophyres
it to be dacite in type. The same from unaltered (1) and silicified (2)

3 refers to trace element contents in it
which are quite comparable with
those reported by Siegers et al. (1969)
for rocks of similar composition
oceurring in »andesite” formation of
Northern Chile. Comparatively high
ferric:ferrous iron ratio in this
dacite is rather characteristic of nu-
merous volcanites of this type. As will
L be demonstrated by analyses of mafic

minerals contained in this rock,
this is due to oxidation of iron in
them taking usually place at higher
temperatures (above 500°C) under
nearly adiabatic conditions, i.e. when
no larger losses of energy from lava
flow is observed (Zenter et al. 1972).
: Silicified variety of dacite occurs
Y at Quilotoa in subordinate amounts.

dacite
i St R R X

Chemical composition _l

Component ‘ 1 \ 2 [
SiO, | (61.0) (57.5)
Al,O05 24.5 23.7
CaO 6.7 6.4
Na,O 7.9 7.0
K,O 04 } 0.6
e S B G TR
i Mineral composition
Component 1 3 2
e o S LB e e
Anorthite R 32
Albite 67 64
Orthoclase 2 4 ‘
Note: in brackets — calculated contents of
oxides




This is a porphyraceous rock, exhibiting unoriented structure and being
cut by quartz veinlets. Phenocrysts are gepresented mainly by plagio-
clases (Phot. 2) and lower amounts of biotite and quartz. Plagl.oclase and
quartz are strongly fractured and slightly corroded, whereby fissures are
cicatrized with fine-granular quartz. As follows from the results of mi-
croscope, X-ray and chemical examinations (Tab. 2), plagioclases of both
varieties of dacite are very similar. The groundmass is holocrystalline and
unevenly grained (Phot. 3). Tt consists essentially qf quartz, afzcompanied
by randomly dispersed small biotite flakes, plagioclase grains, opaque
minerals and sporadic apatite crystals. Moreover, the rock in question
contains coarser biotite-magnetite and biotite-quartz—magnetite aggregates
resembling amphibole grains in shape.

DESCRIPTION OF MINERALS

Pilfale ifoiciaisie

Plagioclases contained in dacite of Quilotoa belong to two generations.
The younger is represented by very fine microlites of the groundmass
whereas older phenocrysts are up to 10 mm in size. Plagioclase grains of
both generations are euhedral and generally show no traces of post-mag-
matic or secondary alterations. Only some phenocrysts are fractured and
exhibit mechanical defects. Magmatic corrosion phenomena are Very
scarce (Phot. 4).

Larger phenocrysts are represented by glomerophyric grains, resulted
from intergrowths of several or even of a dozen of individual grains. The
latters, in turn, consist of subindividuals displaying Albite and Pericline
or, less frequently, triadic Albite-Carlsbad-Roc Tourné twinning. Plagio-
clase glomerophyre, presented in Fig. 3a, consists of 9 individuals 4, B,
@D, Bl G H and Tiol which A, B, C, D, and E, similary as F, Gy B
and I show parallel intergrowths. The orientation of subindividuals -in
both these groups can be presented as follows:
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These both groups are mutually twinned, since their subindividuals
marked by index 2 show (directly or indirectly) right Baveno twinning
(021), while those with index 4 are twinned according to bisectrix — b
(021). Subindividuals denoted by indexes 1 and 3 display twinning ac-
cording to bisectrix of the left Baveno law — lz (021) whereas those with
index 5 and 6 — according to b (121) and b (121) respectively. The two
latter laws result from twin interaction of Baveno, Carlsbad and Roc
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Fig. 4. a, b. Recurrent zonal structure of plagioclases from Quilotoa dacite

Tourné laws. The above mentioned twi
16 . : ne in axes are mutuall ¢
tC:tTabgl(l;l:;% w1thdA1b1te artld Pericline axes form an incomp{]etrs)earsz;lsl‘?elrrcljl nci"
2 pseudosymmetry. Stereographic projection of th in in
qu_estlond (Fig. 3b) was carried out on the plane perpendicuer gtgalfllot)n
axis an. pres'ents only subindividuals displaying different orientation]
; Detalled microscope observations and measurements have shown th: :
p a(igloglases under examination show middle high-temperature ch ks
acn ghfplféiy recurrent zonal structure (Fig. 4a, b). On the aver: ara%ter.
dci):sis of 30 zones and 4 recurrence cycles. Chemical compositiongoef, . =
Anp v;:g:;gar:i;’(::alfandt minimal anorthite contents ranges from 25 tcz)or'?e"/b'
I of entire grains corres i ;
z'anfdesme. These .results were confirmed g;ng(s_::yaﬁﬁg?(.(gfg‘)/o 2};;1’31111.?1’ ‘tl;o
infrared absorption spectrum (Fig. 5). The position of 130 and: 130 as welbi

as 241 and 241 reflections on X-ray diffractometer pattern and the
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Fig. 5. Infrared absorption spectrum of plagioclase phenocrysts

presence of broad diffuse bands in the range

700—800 ecm ! as well as of

weakly resolved one between 900 and 1200 em~1 on spectrogram indicate
the dominance of andesine in plagioclase under examination.

Amphibole

Amphibole phenocrysts (Phot. 5) are up to 95 mm in size. In general,

they are euhedral and positively elongated,

being optically homogenous

and showing no opacite rims or any other alteration phenomena. Only
individual grains of this mineral display some magmatic corrosion. Mag-
netite and apatite inclusions are common but not abundant. On the other
hand, amphibole inclusions are observed sometimes within plagioclase

phenocrysts.

In thin sections, amphibole grains are distinctly pleochroic from pale
yellow-green to olive-brown, whereby the absorption scheme is s
Optical properties (Tab. 3) seem to indicate that the amphibole in question
belongs to common hornblende-lamprobolite group and may represent an

intermediate member of this series.

The strongest: reflections on X-ray diffractometer pattern are: 3.115
(10), 8.42 (10), 2.801 (8), 3.273 (7) and 2.714 A (6). These dpi values are
typical of amphiboles and of hornblendes in particular. However, it is
difficult to distinguish them from one another because quite different sub-
stitutions can give the same structural effect (Ernst 1968). Lattice para-
meter b, being the most sensitive to composition and computed from 0OkO
reflections, amounts to 18.11 -+0.03 A. This value corresponds rather to
calcic amphiboles than to sodic ones. As follows from the data presented
by Ernst, this b value is typical of synthetic Al-poor Mg-Fe?* members.

Chemical analysis of separated amphibole grains, purified by magnetic
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treatment, consisted in semi-microdetermination of all j

: t, major el
excegﬁbsihca. Thet rdesults and calculated crystallochemical <Jiata f((e);netr}lltiz
amphibole computed on the basis of 24 (O, OH, F 2 2
are presented in Table 3. \ ADlapmeeuie ) o

Table 3

Chemical composition and optical properties
of amphibole from Quilotoa dacite

Component Weight Atomic Number of atoms
y el percents ratios per formula
Si0, 45.0* 750 6.6
| TiO, 1.2 15 0.1
‘ Al,O; 8.8 172 1.5
| Fe,05 7.5 93 0.8
| FeO 6.8 95 :
| MnO 0.3 4 0.9
MgO 13.8 342 3.0
CaO 11.0 196 1'7
Na,O 1.4 46 0.4
K,O 0.9 20 0.2
Mg - 100 9
Mg + Fe ) F_};Z%_ S

Refractive indices: ny = 1.690 £0.002

na = 1.658 £0.002
2ly = 12—152
Pleochroisme: y — olive brown

« — pale yellow green

* deduced by comparis i
3 son with very simil )
Alboroto quartz latite (Larsen et al. 1337) e A

As follows from these dat
: C o , the most i i
A% ; j a, tl ost peculiar ch i i
disstirzliér‘;ﬁ]hlrgzle are: relatively high degree of oxida’?ironrllcilf prOpertles ‘O[
: D gnesian character, rather contrasti i e e
S %z&a,wnt o ing with dacitic nature of
hen compared with num i
s 2 erous available chemic i
thee(s:oﬁ;orgsftrilgtarr;orphlc apd plutonic rocks, ’chereu:lgeasalyses L
occurrinpg i trllxe(;ﬁ t}lloese minerals from volcanites. In genirrylfew S
e ; : ecause o.f high ferric:ferrous iron r tz'1 e
i ans,alor amprobolites (Deer et al. 1963) Hba e
oxidation as in tl};:eia(s)i E}fle'cs}?isal;nn}'l)r}xl ibollefs o el &istinﬁf;’e;}g’ﬁi strtl
: A eral from i 1
cgllfgcll.lyn d%ffere.gt optical properties, though allgz‘cl;:eletoﬁ S n e
Hom%fen 301 rc_)cks, are e Chse ornblendes, even if
occur in an?ieiss:itglsplfaymg similar Felt : Fe2+ Ta'?ii’aSCter 5
kowski 1921) and sofo t}‘}e}; eTf:;ﬁrslézy l\:;lfls e POliSh’ &i;itxgggt?&ago
It can be concl A lan reglon (B0 ) .
cluded that the amphiholes under con(siililj‘:goilgiél))r(els‘zb;c -
nt an
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Table 4

Crystallochemical formulae and optical properties of hornblendes from Quilotoa
dacite and from Carpathian andesites

Parent rock

e Crystallochemical formula

e oEr

Dacite
Quilotoa Ca,,7Nag,4KD,2(Mg3AuFe(2,_t Fe %fx Tip.1Alg.1 ) [Sig.sAl1.40322.0(OH)2.0]
Andesite
Wiar, Cag"Na”'“K"'Q(Mg’“Fe%); Fe 3; Tiu.2A10.4)[Sie.xAll.uozz.a(OH)t.ﬂ
Pieniny Mts.
Andesite i b
Transcar- Cay.oNagsKo1(MeasFeos Feo. Tip 4Alp ) [Sig.oAls.00z26(OF) 14l
pathians Lo L a
e S o
. Mg - 100 Fe3t n : \
Localit AL e [ % 2y %
y Mg T Fe| Fet el 1y Pleochroisme \
e il E L 7 L T e e
: | a 12— ‘ y — olive brown
Quiores “‘ o b 1.69 003 | j50 | o — pale yellow-green
|y — ish yell
Vet \ 4 1.1 | no data 122 11 j = SiecniaE O
o — yellow brown

| y — greenish
Transcar- 64 0 TGO Oi02 152 yellowish brown
‘1 a — yellow

PRI

pathians

e —

B Ml A SR e

S e

intermediate stage of oxidation of common hornblende and, because of
some specific physical properties, may be provisionally called semi-0Xy-
hornblendes.

Biotite

Biotite phenocrysts are up to 5 mm in size. This mineral forms eu-
hedral, pseudohexagonal, optically homogeneous plates containing indi-
vidual apatite and ore mineral inclusions. Biotite is megascopically black
and in thin section displays distinct pleochroism from pale yellowish-green

to dark brown. Its optical properties are given in Table 5. Refractive

_indices are characteristic rather of iron-rich members. However, it was

not possible to apply Winchell’s (1951) diagram for interpreting its com-~
position since it does not take into account strong influence of Fe3* and
Ti contents on refractive index which is almost twice stronger than that
of Fe2+ (Heinrich 1946).

The unit cell parameters calculated from X-ray powder data (@ =
— 5,26, bo = 9.25, and c-sin = 10.06 A) correspond to typical biotites
but do not allow to interpret its composition. However, as it was found by
Brown (1955) and other authors, the intesity ratios of 001 reflections in
micas are sensitive to isomorphous substitutions and general amounts of
atoms in their octahedral positions. In the biotite under examination these

ratios were found to be as follows:

Toos  Tue — 1 97—1.08

Tos _ () 554 and

Loos Toos
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According to Gower's diagram (1957) the former indicates that only 26%
of octahedral sites is occupied by Fe and Ti but this value should ‘be con-
sidered as approximate since Cu radiation instead of Fe one was used in
this experiment. According to Franzini and Schiaffino (1965) the value of

Tabhile o

Chemical composition and oplic al properties of biolite from
Quilotoa dacite
Atomic

Component Weight percents
proportions

‘ Si0, S 627
| TiO; 2.8 35
| ALOq 13.8 270
Fe,Oq 8.9 112
FeO Bib il
‘ MnO 0.2 3
| MgO TATae 365
‘ CaO 1.4 25
| Na,0 1.3 42
K,0 7.4 158
| ED R el B T i sl S A Gl TS UL
" ,\%5414(%% = 66 I;l‘?,o,l = 1.44
feO

Refractive indices: ny = nf = 1.660 +0.002
no o 1.610

f Optical axial angle 2 V = 5—10°

Pleochroisme: y — dark brown

o — pale yellowish green

* calculated content

the latter ratio correspond to 1.8 (Fe?t + Fe®* + Mn) atoms and 3.9 (Mg
g ; )
+ Al + 7L1+ 9 Ti) atoms per 6 octahedral positions. All these values are

fairly concordant with those computed from chemical a ] 3)
it shoulgl be emphasized that the deficiency of ions in o?taalgcbgrg %Tfa‘{).\ -6') :
also typical of biotites, contrary to phlogopite members gt .
By comparing the results of X-ray and optical g ati i
cluded that relatively high refractivz indexpof th:xljir(ili?st;znb lt; Y gk
most probably due to high amount of ferric iron in it ' Questita &
Chemical analysis of biotite phenocrysts ' ¢
dacite (Tab. 5) has shown that, aspregardsyhighfl}g?:-icyr}gi.erefi. Qo
and magnesian nature, the biotite in question has much i o.us, ronia it
paragenetic hornblende. It should also be noted that th ,m commgt il
a?al%lt)cal data on biotites from extrusive rocks (Larsen ectrfﬂlatl‘e(;[verg ey
iioztiifeslgfzz). By corpparing 'chemical and physical pro etﬁc" 2 JZ' epter‘
om volcanic rocks it was found that the minergl uﬁefcx‘gﬁﬁgb

14

pamene s

tion is particularly similar to those reported by Zenter et al. (1972) to
occur in Neogene andesite-dacite lava flows of the Zangezur ridge in the
Little Caucasus (Tab. 6). Crystallochemical formula of the biotite from
Quilotoa dacite was calculated on the basis of 2 (K, Na, Ca) atoms per
»molecule” and subsequent balancing of positive and negative charges.

Table 6

Crystallochemistry and refractive indices of biotites from volcanic rocks

k Lééﬁhty; rock_;ﬁ-d sample
WO K R e

SAIRIEEY BT e

Zangezur ridge (Little

R e ——

Structural site Tons Quiloten Caucasus)
dacite andesite-dacite
cQl e AL

| 332 | 397

K+ 1.4 1.6 1.6

Interlayer ions Nat 04 0.3 0.2

Catt 0.2 0.1 0.2
o T $40 S B

Mget 3.4 3.6 35

Fe2t + Mn2t 0.7 0.8 0.8

Octahedral Fedt 1.0 0.9 1.0

postijons Tit+ 0.3 0.5 0.5

Als+ e 0.2 b2
b A el gt e r b Bl PRI O e

Tetrahedral Sist 5.6% 5.0 5.5
positions Alst l 2.4 23 A T

0% 20,0 2117 921.6

Anions (OH), F 4.0 2.3 2.4
. 28 b o

Fe,0y 1.44 \ il 14

FeO
Mg 100 66 68 66 ‘
Mg | Fe
oy adf @ BIIE T B 8 Se) pdte T
"y 1.66 1.645 — 1.660 1.673
Refractive indices 0y 1.61 1.620 il

+ calculated

As follows from these data, the composition of biotites of extrusive
rocks do not fit the fields of their intrusive equivalents (Deer et al. .1963).
The minerals in question are distinctly richer in Mg and Ti and d}splay
considerably higher degree of oxidation of Fe. This phenomenon 1S un-
questionably due to different conditions of their crystallization when
compared with those of the mateixe .

Biotites of silicified dacite, occurring both as phenocrysts and in the
groundmass, differ only slightly in optical properties apd, cons:equentlly‘
in chemical composition, from those examine.d in detail. In thin segnop
they are deeper green in colour and display slightly lower r.efractwe indi-
ces: m, = 1645 for phenocrysts and n, = 1.64 for biotites from the
groundmass. This would indicate a little higher Mg cc_)ntent and/or lower
degree of oxidation of iron in biotites from silicified dacite.

15




Quartz

Quartz grains occur in subordinate amounts only within phenocrysts,
sometimes glomerophyric, being developed in fractured anhedral forms
(Phot. 6). No quartz grains were found to occur in the groundmass of
unaltered dacite. On the opposite, the groundmass of silicified variety con-
sists mostly of quartz.

Accessory minerals

Accessory mineral assemblage consists of apatite, pyroxene and opaque
minerals.

Apatite grains are euhedral in shape and occur both as inclusions with-
in feldspars, amphibole and biotite and as dispersed phase in the ground-
mass. Small, anhedral pyroxene grains or their aggregates were found but
sporadically. Their optical properties are close to those of enstatite.

Magnetite is the main opaque mineral being accompanied by ilmenite
and traces of chalcopyrite and haematite. Total content of ores does not
exceed 1%. Their grains occur in the groundmass and within amphiboles,
being up to 1 mm in size. Magnetite forms isometric, hipidiomorphous and
anhedral grains, generally containing no inclusions. Only sporadically there
occur microscopic inclusions of chalcopyrite, ilmenite and, at the margins
and fractures, of haematite. No subtle exsolution structures, typical of
titanomagnetite, were observed when examined using immersion technique
and high power objectives.

CONCLUSIONS

As follows from this study, the rock in question is a typical dacite
belonging to calc-alkali series of the northern Andes (Katsui 1972) in,
accordance with earlier general field and petrographic data. ;

Plagioclases of glomerophyric phenocrysts and occurring in the ground-
mass are, on the average, andesine in composition. Intermediate structural
state of the formers and recurrent zonal development indicates their sub-
volcanic origin. More high-temperature (less ordered) character of plagio-
clases embedded in partly glassy groundmass suggests violent cooling 61‘
magma under superficial conditions. This conclusion is confirmed by rela-
tively high degree of oxidation of iron in both mafic minerals: amphibole
and biotite, in which Fe?* : Fe2* ratio is approximately 1:i This fact
seems to be rather typical of andesitic and dacitic lavas solidi'fied at th
surface which contain phenocrysts formed at greater depths. .
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Zofia GUMOWSKA-WDOWIAK, Andrzej MANECKI,
Wojciech NAREBSKI, Andrzej PAULO

BADANIA MINERALOGICZNO-CHEMICZNE DACYTU Z WULKANU
QUILOTOA W EKWADORZE

Streszczenie

Produkty wulkanu Quilotoa, ktorege ostatnie erupcje notowano
w XVIII wieku, nie byly dotad szczegotowo badane. Glowna odmiang skatl
wylewnych, z ktérych jest zbudowany stozek wulkanu, jest dacyt o struk-
turze porfirowej, z licznymi, duzymi fenokrysztatami plagioklazow, amfi-
boli, biotytu i sporadycznie kwarcu. Sklad chemiczny tej skaly podano
w tabeli 1. Z reguly nie obserwuje sie ani w tle skalnym, ani w fenokry-
sztatach $ladéw przeobrazen pod wpiywem procesow pomagmowych lub
wietrzeniowych, co ulatwia analize poszczegolnych mineratow skatotwor-
czych. Niemniej lokalnie stwierdzono objawy intensywnej sylifikacji tta
skalnego i zanik amfiboli.

Plagioklazy fenokrysztalow i tta maja przewaznie skiad andezynu, pPrzy
wahaniach 25—47% An. Fenokrysztaty maja zwykle charakter glomero-
firow, ktorych budowa jest szczegbtowo opisana w pracy. Posredni stan
strukturalny i rekurencyjna budowa pasowa wskazuja na ich sqbwull\ja-
niczna geneze. Bardzie] wysokotemperaturowy charakter ‘plagloklazow
zawartych w czesciowo szklistej masie podstawowe] sugeruje gwaltowne
ochtodzenie magmy w warunkach powierzchniowych.
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i roznia sie wysokim stopniem utlenienia zelaza, .Fe’H :
‘F‘e?’*rn _cf\_lvboo.lg, \iv leu();: 1\\' poi‘éwhaniu ze skala .maci.erzysta, zawartoscig Mrgn
Sktad jego i wlasnosci fizyczne (tab. 3) odp.0w1ada]a. czionom pr;epmzxggm
szeregu hornblenda — oksyhornblenda. Biotyt ta}(ze ce‘chugedsmk;zvg S
stosunkiem Fe3t : Fe*t o 1.4, a jego sklad znacznie odbiega od skia u d10
tytow z intruzywnych odpowiednikow dacytu. .Tak wynika z przeprowa Z,—,
nych poréwnah (tab. 4 i 6) i studiow szerszego, i€ dyskutowanegq w pracliq
materiatu analitycznego, zjawisko to wydaje si¢ byc typowe dlg law afn e-
zytowych i dacytowych, ktore zakrzeply na powierzchni 1 zawierajg ?r}o—
krysztaly wezesniej i w odmiennych warunkach utworzonych mineratow.

OBJASNIENTA FIGUR

Fig. 1. Polozenie wulkanu Quilotoa. Geologia na podstawie Mapa Geologico del Ecua-

dor (1969) sl : i
1—2: Pliocen—czwartorzed: 1 — deluwia, moreny, osady rzeczne 1 jeziorne, 2 — skaly
wulkaniczne; 3: Paleocen: czerwone rupki i zleplence; 4—5; Go6rna kreda — paleocen:

4 — granity i dioryty, s — flisz; 6: Kreda: skaly wulkaniczne z wktadkami osadowych;
7: Paleozoik?: skaly metamorficzne; §: wulkany wygaste; 9: wulkany czynne

Fig. 2. Dyfraktogramy rentgenowskie niezmienionego dacytu:
a — fenokrysztaly plagioklazow, b — tlo skalne. A — refleksy amfibolu

Figl3:a by Glomerofir plagioklazowy z dacytu Quilotoa i jego rzut stereograficzny ||
[100]

Fig. 4. a, b. Rekurencyjna budowa pasowa plagioklazow dacytu Quilotoa

Fig. 5. Spektrogram absorpeji w podczerwieni fenokrysztalow plagioklazowych

3ogusn I'YMOBCKA-BJIOBHAK, Andwcei MAHECKH,
Boiiyex HAPEMBCKH, Anoaceti TTAYJIO

MUWHEPAJIOTO-XUMHYECKHE UCCAENLOBAHUSA JTALLUTA
BYJIKAHA KMJIOTOA B 9KBAILOPE

Pesome

[IpoAyKThl JEATENbHOCTH ByJKaHa Kumnoroa, TmocielHHe H3BEPIKEHHT
KOTOPOTrO MPOABHINCH B XVIII Beke, 10 CHX IIOp /J€TanbHO HE HCCaeoBa-
anck. Cpeau 9GdY3HBHBIX NOPOJL, Cllaraloluux BYJIKAHUYECKHH KOHYC, OCHOB-
HYIO pOJb Mrpaer AAuuT ¢ nop(pUPOBOH CTPYKTYPOIt, ¢ MHOTOYHC/IEHHBIMH
KpynHbIMH (DEHOKPHCTA/IIAMH TJIATHOK/A308, am@uoosnon, 6HOTHTA W CHO-
paandyecKy KBapua. XHMHUECKHIT COCTAB 3TOil MOPOJILI pHuBeeH B Tabauue 1.
Kak npaBujio, HU B nopojoodpasyiouieil macce, Hi B (QEHOKPHCTAIAX HET
NPHU3HAKOB BO3LEACTBHsA MOCTMATMATHYECKHX IPOLECCOB M BHIBETPHBAHIT,
4TO 3HAUMTENBHO OOJeruaer aHajua OTAENbHLIX MOPOA00OPA3YIOUIHX MHHE-
pajos. Oanako, Mecramu HA0II0LAI0TCS. HHTEHCHBHBLIC TPOSIBJIEHUS CHJIIHILI-
(hHKAIHH TIOPOI00GPa3yIOLIel MACChl I paciiajl ambubo0B.

[Maarkokaassl B GEHOKPHCTANIAX U B 110Po1000pasyolleil Macce xapax-
TepPU3YIOTCs TPEHMYILECTBEHHO aH/IC3HHOBLIM COCTABOM ¢ KoneGanuem 25 —
47% An. ®eHOKPHCTAIE OOBIUHO HMEIOT BH/L I0MepOGUPOB, CTPOEHHE KO-
TOPBIX JeTajbHO ONHCAHO B pabore. [Tpomexyrouroe cTpykTypHOE COCTOS-
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HHE M 30HAJbHOE CTPOCHHE CBHAETeNLCTBYIOT 00 UX CYyOBY/IKAHHYECKOM MPO-
ucxoxaenun. boaee BbicokoTeMnepaTypHblil XapaKTep MJIardokK/Jaa3oB U MpPH-
CYTCTBHE CTeKJa B N0P0J000pasyiomeil Macce, yKa3plBIOT Ha Pe3KOe OXJaXK-
JleHne MarMbl Ha NOBEPXHOCTH.

Ampubos OTIHUAETCS BBICOKOH CTENMEHbIO OKHCJEHHUS Kenae3a (OTHOMIe-
nie Fe3t : Fe2t &0 0,9) M BLICOKKM cofepxkKanueM Mg, B CPaBHEHHH C MaTe-
punckoit nopoxoi. ITo ceoemy cocraBy u (hnsuueckum cpoiicTBaMm (TabJj. 3)
OH COOTBETCTBYET MPOMEXKYTOUHBIM WIEHAM psja poroBasi oOManka — 0Oa-
saJbTHUYECKasd poropas obMaHka. BHOTHT TaKKe XapaKTepH3yercsi BBHICOKAM
orrnoliernem Fedt : Fe?t &0 14 u 110 CBOEMY COCTABY 3HAUHTENbHO OTJIHYA-
eTcsl 0T coctaBa OMOTHTOB B MHTPY3HUBHLIX aHajorax jpauura. M3 mposeme:s-
Hblx conocrapiennit (taba. 4 u 6) u Gonee OOUIMPHOTO aHAJHTHUECKOrO Ma-
Tepuaa CJeLyer, 4To 3TO sBJEHHE XapaKTepPHO /UIsi aHIe3HTOBLIX H JALHTO-
BLIX JlaB, 34CTLIBIIMX HA MOBEPXHOCTH M COACpPIKalnX (DEHOKPHCTAJIIBl MH-
HEpaJioB, KOTOpble 06pPa30Ba/IUCh PaHbILE W B APYTHX YCIOBHAX.

OBDBACHEHHUI K ®UTYPAM

®ur. 1. Cxemariueckast Kapra paifona Byikana Kinoroa. Teomorust no I'eosornueckoit Kapre
Oxsanopa (1969)

[—2: NAMOLEH—YeTBePTHYHbIE MOPOABI: [ — JICJIOBHAJIbHbIE, DEUHBIC, O3epHbIe OTJOXEHHs, Mope-
MBI, 2 — BYJKAHOTEHHBlE NOPOJbI; 3 — MajeoleH: KpacHple CJAHUBI H KOHMVIOMEpATH, 4—5 —
BEpXHHH Mesj—rnajeoueH: 4 — CPAHHTLI H AHOPHTEI, 5 — (Gaum, 6 — MeJa: BbUIKAHOTEHHBIE NOPOABI
C MPOCJIOSIMH OCAOUHBIX OTJIOMKeHHil, 7 — manaeo3oit?: MeramMopdHYecKHe ANOPOAbl, 8 — NOTYXUIke

BYJIKAHEI, 9 — geilcTBYIOIHE BYJIKAaHBI

®ur. 2. Penrrenonckue AHGPAKTOrpaMMbl HEH3MEHCHHOTO JAaliTa:
@ — (eHOKpHCTAJIBI TIATIOKIA30B, b — MOpoxooGpasymomas macca, 4 — pedaekcsl ambuGoaa

¢ur. 3. a, b. [InarnoknasoBblil TIOMEPOQHp H3 AAlLNTA BYJIKaHA Kumoroa u ero crepeorpa-
(uueckas npoekuus || [100]

®ur. 4. a, b. Pekyppentioe 30HaJbHOE CTPOEHHE IUTATHOKAA30B B AdlHTe BYJIKAHA Kunoroa

®ur. 5. MK-cnekrporpaMya MOTJIOLEH s (PeHOKPUCTANIOB MIaTHOK143d
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Phot. 1.

Phot. 2.

PLATE I, (PLANSZA 16, TABJULA T)

Plagioclase phenocryst displaing zonal structure. Unaltered dacite. Crossed
nicols. X 40

Fenokrysztal plagioklazu 0 budowie zonalnej. Niezmieniony dacyt. Nikole
skrzyzowane. X 40

deHOKpHCTA] IVIaTHOK/Ia3a ¢ 30HAJbLHBIM CTPOCHHEM. HeunsmeneHHbli AaAT. Hu-
KOJIH CKpellleHHbIC. X 40

Fractured plagioclase phenocryst 1n holocrystalline groundmass. Silicified
dacite. Crossed nicols. X 40

Spekany fenokrysztal plagioklazu w holokrystalicznym {le skalnym. Zsylifi-
kowany dacyt. Nikole skrzyzowane. X 40

TpemuHoBaTbIi (HEHOKPHCT AL arHoKJI43a B POJIOKPHETAIIHYECKOMH 110p0/1000pa-

zyiomuleii Macce. CuiiHILHPOBAHHBIH JLALNT. HuKosH CKpelleHHbIe. X 40
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PLATE II

PLATE II (PLANSZA II, TABJIMLA 1) |

talline groundmass ¢ snsisting essentially ol quartz with subordinate
ases and biotite. Silic fied dacite. Crossed nicols. X 40 1
Holokrystaliczne tto <kalne, zlozone glownie z kwarcu z domieszka plagio-

klazu i biotytu. Zsylifikowany dacyt. Nikole skrzy zowane. X 40 i

Phot. 3. Holocry

plagi

l‘h\\\\\1\?1\'11J.IH‘H‘\’I\I\‘I Il(\l‘\\ LUU("]‘IH_\H\H[(!\I macca, CJI02KeHHast, B OCHOBHOM, l(li(ll"

leM C TpPHMECbIO Miarnokmaasa i GroTiTa. CranguIpoOBaHHbIH JdIlie. Hukoui i
CKpeuleHHble. X 40

Phot. 4. Plagioclase phenocryst with margins showing but slight magmatic corrosion
and diffused zonal structure. Unaltered dacite. Crossed nicols. X 100
Fenokrysztal plagioklazu o dyfuzyjnej budowie zonalnej, wykazujacy stabe
oznaki korozji magmowej Niezmieniony dacyt. Nikole skrzyzowane. X 100

deHoKpHCTAN TIarHokaasa ¢ 1) y3HOHHBIM  30HAJIBHBIM CTpOeHHEeM, TMPOsBIIs-
jortnit caabple NpH3HAKI MArMaTHUYeCKOH KOppPO3HIL Heuamenennplit ganur. Hukouan
CKpelleHHbIe. 100

Phot. 4

Zofia GUM()WSK,\—\VD()WI;\K, Andrzej MANECKTI, Wojciech N;\RI’,B_SKI, Andrzej
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PLATE III (PLANSZA III, TABJIMIIA III)

ed dacite. No analyzer. X 40
ieniony dacyt. Bez analizatora.

Phot. 5. Euhedral amphibole phenocryst. Unaltere
Idiomorficzny prakrysztal amfibolu. N
X 40
Wnnomopdubiii penokpucrann ampubona. HeusmeHeHHbl pauur. Bes anaausaro-
pa. X 40

Fhot. 6. Quartz grains displaying cracks and mechanical distortions embedded in
hypocrystalline groundmass. Unaltered dacite. Crossed nicols. X 40
Prakrysztaly kwarcu wykazujace spekania i uszkodzenia mechaniczne oto-
czone hypokrystalicznym ttem skalnym. Niezmieniony dacyt. Nikole skrzyzo-
wane. X 40
DeHOKpHCTaLIbl KBapua ¢ XaHHYCCKUMH TPELIMHAMH M IIOBpPE/KACHUSIMHU, OKpY-
ZKeHHble CKPBITOKPHCTAINYECKOH MOPOA000Opasyionel Maccod. HenaMeHeHHbIH /a-
uut. Hukoan ckpeurensble. X 40

Phot. 6

NAREBSKI, Andrze]j

NECK Jojciech A
NECKT, ¥ Quilotoa volcano
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