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CHEMISTRY OF IGNEOUS ROCKS
PART 1. THE CHEMISTRY OF THE PERALKALINE 

OVERSATURATED OBSIDIANS

By RAY MACDONALD 1 and D. K. BAILEY 2

ABSTRACT

Peralkaline rocks are one of the characteristic products of non- 
orogenic magmatism, and the development of peralkaline silicic 
magmas continues to be a problem of special interest to petrol- 
ogists. The problem is complicated by the fact that crystallization 
of these highly alkaline melts commonly results in significant 
chemical changes, such that the study of quenched liquids (glasses) 
is probably the only reliable approach to magma compositions. 
In this report, all acceptable analyses of oversaturated peralkaline 
obsidians are listed and compared in an attempt to provide a 
sound basis for further studies of peralkaline silicic magmatism.

One hundred and thirteen analyses of peralkaline silicic obsidians 
are tabulated, along with CIPW norms, modal data, and trace 
element analyses where available. The rocks are classified using a 
scheme slightly modified from that of Lacroix into comendites, 
pantellerites, comenditic trachytes, and pantelleritic trachytes. 
Though there is a continuous chemical transition between comen 
dites and pantellerites, several parameters may be used to distin 
guish the two groups, including the agpaitic index and the FeO 
and A1203 contents. Variations in the comendites are discussed. 
Within the pantellerites, there are two subgroups: high-silica 
types, and varieties closely similar to those from the type area, 
Pantelleria. Though data are still very scarce, it is possible to 
characterize individual volcanoes by their trace element contents.

INTRODUCTION 

PETROGENETIC IMPORTANCE OF PERALKALINE ROCKS

In the rocks of the earth's crust, molecular excess of 
A1 20 3 over Na 20 + K20 is prevalent, and the genera 
tion and survival of melts with the opposite characteris 
tic present special problems. Peralkaline magmas are 
characteristically, if not exclusively, developed in non- 
orogenic magmatism and are frequently associated with 
magmas of mantle origin. An understanding of peral 
kaline petrochemistry is an essential prerequisite to 
unraveling the relations between the magma types and 
eventually to deciphering magma generation and de 
velopment in the deep crust and mantle. The results 
given here are an attempt to define the present limits of 
knowledge in one group of peralkaline rocks those 
containing normative quartz.

1 Department of Environmental Sciences, University of Lancaster, United 
Kingdom.

2 Department of Geology, University of Reading, United Kingdom.

AIMS OF THE COMPILATION

In order to define critical experimental studies, we 
began in 1967 to collect all the available analytical data 
on peralkaline silicic rocks to form a comprehensive 
picture of their chemistry and phase relations. It soon 
became clear that the volcanic rocks had undergone 
posteruptive changes in composition, especially loss of 
alkalis on crystallization or during hydration of glass, 
and precise interpretation of their interrelationships was 
very difficult. Several chemical features of the non- 
hydrated obsidians suggest that they are probably close 
to magmatic compositions.

Peralkaline silicic obsidians are uncommon, especially 
those with less than 20 percent normative quartz. We 
have attempted to collect suitable specimens from as 
many localities as possible. Thanks to the generosity of 
several geologists, we now have a wide range of samples, 
of which 32 have been analyzed in the Geochemistry 
Unit of the Geology Department, University of Read 
ing, United Kingdom.

By choosing only obsidian, we may be imposing a 
selective bias in favor of certain compositions. It could 
be argued that the glassy condition is a result of some 
chemical peculiarity not found in magmas that have 
crystallized. At the present time, however, our compila 
tion covers a wide range of composition; we have been 
unable to detect systematic differences from crystalline 
lavas; and experiments show that many of the obsidians 
are not difficult to crystallize. We suggest that this 
compilation of obsidian analyses is the logical first step 
towards quantifying the bases of comparison and that 
we shall be able to elucidate the more complex crystal 
line varieties only when the nature of the chemical 
variation within the obsidians is understood.

By confining our study to oversaturated peralkaline 
rocks we have adopted two arbitrary composition 
boundaries; no petrogenetic significance is implied. In 
particular, metaluminous rhyolites with agpaitic index 
close to 1 are excluded though they are obviously closely 
connected with comenditic rocks. On Easter Island, for

Nl
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example, some of the rhyolitic obsidians have small 
amounts of normative acmite; others have small 
amounts of normative anorthite, though they belong to 
the same phases of volcanic activity. Similarly, we have 
not included here any discussion of the geographical 
distribution, geology, or petrography of the analyzed 
specimens, as these features can be properly evaluated 
only when all peralkaline silicic rocks are considered.
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SECONDARY HYDRATION AND
CRYSTALLIZATION OF PERALKALINE

SILICIC GLASSES

Following the earlier work of Ross and Smith (1955) 
and Friedman and Smith (1958), D. C. Noble and his 
co-workers in the U.S. Geological Survey have shown 
that the compositions of peralkaline silicic glasses can 
be extensively modified on secondary hydration and on 
crystallization. The major chemical changes so far 
investigated are tabulated below:

Secondary hydration:
Na_______-Almost invariably lost to some degree

(Noble, 1967, 1970).
K______.Generally lost, but may be gained on pro 

longed contact with ground water 
(Noble, 1967).

Si_______May be leached from porous hydrated
glasses (Noble, 1967).

F, CL____.Significant amounts may be added or re

moved by ground water (Noble and 
others, 1967). 

Mg_ _____ .Added by ground water (Noble, 1966).

Crystallization (including devitrification):
Na_--___-.Lost in variable amounts, roughly de 

pendent on the peralkalinity of the 
glass (Carmichael, 1962; Noble, 1965, 
1970; Ewartand others, 1968; Romano, 
1969).

F, Cl____0n average, 50 percent of F and 80 per 
cent of Cl lost from the specimens 
studied (Noble and others, 1967; Car 
michael, 1962; Noble, 1965; Romano, 
1969).

Fe_------_More or less oxidized (Romano, 1969;
Rosholt and Noble, 1969).

U_______Some 20-60 percent lost, probably re 
moved by ground water (Rosholt and 
Noble, 1969).

The three sets of analyses given in table 1 (A-E, 1-2, 
and 3-5) can be used to demonstrate some of the effects 
of secondary hydration and crystallization on peral 
kaline volcanic rocks, using projections in the system 
Na 20-K20-Al203-Si02 developed by Bailey and Mac 
donald (1969). The glassy parts of the flows show a 
range of peralkalinity (fig. 1) from the mildly peral 
kaline comendite (table 1, No. 3) through the comendite 
(table 1, No. 1) to the strongly peralkaline pantellerites 
(table 1, D and E). It is clear from table 1 and from 
figures 1 and 2 that both crystallization and hydration

TABLE 1. Effect of hydration and devitrification on glassy, 
peralkaline silicic rocks
[Data in percent except for ratios]

SiOj..
AhOi.
FesOj.
FeO
MgO..
CaO..
NazO
KaO..

-
HzO+- 
TiOj... 
PsOj... 
MnO... 
CL.... 
F.

.68.25 68.80

.10.90 11.15

. 5.80 5.50

. 1.15 1.29

. 0.73 0.75

. 0.49 0.49

. 5.28 5.24

NajO/KzO--  . 
NaiO+KjO........
FeOAFeO+FezOi). 
FeasFeO...__.

4.92
0.42
0.57
0.65
0.05
0.25
0.26
0.15
1.07

4.90
0.31
0.53
0.57
0.08
0.22
0.22
0.12
1.07

68.50 68.60
10.96 10.64
4.20 2.88
2.58 3.59
0.76 0.45
0.49 0.49
6.00 6.36

68.00
11.34
3.16
2.42
0.45

73.98 71.70 75.37 73.32 71.94
11.28 10.94 11.95 11.76 11.89

1.71 2.00 0.84 0.95 1.28
1.80 1.48 0.99 0.81 0.60

.10.20 10.14

. 0.17 0.19
. 6.38 6.24

4.
0.09
0.33
0.53
0.07
0.25
0.31
0.12
1.23

4.
0.25
1.18
0.65
0.05
0.27
0.35
0.20
1.33

0.53
7.76
4.72
0.00
0.56
0.65

5.33 4.63 4.43 4.29 4.02
4.55 4.85 4.82 4.66 4.52
0.02 0.10 0.04 0.17 0.82
0.16 2.90 0.45 2.77 3.32

0.06
0.21
0.51

10.86 11.16
0.38 0.55
6.36 6.18

0.20
1.64

12.48
0.43
5.27

1.17 0.95 0.92 0.92 0.89
9.88 9.48 9.25 8.95 8.54
0.51 0.43 0.54 0.46 0.32
3.34 3.28 1.75 1.67 1.75

A-E. From pantelleritic lava, Fossa delta Pernice, Pantelleria (Romano, 1969, table 1, A-E). 
A, from lower part of flow; B, interior, holocrystalline part of flow; C, transitional be 
tween glassy and crystalline parts of flow; D, from glassy crust, partly hydrated; E, 
from glassy crust, but removed along flow from D.

1, 2. Nonhydrated glass and hydrated dense glass from the comenditic Grouse Canyon Member 
of the Belted Range Tuff, Nevada (Noble, 1967, table 1, laboratory Nos. D100317, 
D100393).

3-5: Nonhydrated glass, hydrated dense glass, and hydrated porous glass from the comenditic 
Spearhead Member of the Thirsty Canyon Tuff, Nevada (Noble, 1967, table 1. laboratory 
Nos. D100320, D100394, D100454).



CHEMISTRY OF PERALKALINE OVERSATURATED OBSIDIANS

SiO,

N3

90 90

AI2 03 3SiO,

AI 20 3

EXPLANATION

o Devitrified 
  Nondevitrified 
A Hydrated 
A Nonhyd rated
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\
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FIGURE 1. Part of a molecular SiO2-Al2O3-(Na2O+K2O) diagram showing some of the effects of hydration and devitrification on peralkaline glasses. Specimens 
identified as in table 1. In all cases, the rocks have become less peralkaline when hydrated or devitrified.

have had marked effects on the compositions of the 
rocks; the altered facies are less peralkaline and the 
sodium-potassium ratios are strikingly different. The 
more peralkaline glasses obviously show the greatest 
changes. We do not, however, suggest that all the varia 
tion in the Pantellerian specimens (table 1, A-E) is 
necessarily a result of these processes. For example, 
specimen E, which has the highest content of alkalis 
and may thus be considered as a "control" sample, 
contains 0.9 weight percent less Fe as FeO and has a 
lower Fe+2/Fe+3 ratio than the partly hydrated speci 
men D. Since iron is not normally added or removed and 
the oxidation ratio normally increases during crystal 
lization or hydration, the figures may indicate that there 
is a small but real chemical variation within this flow 
due to other processes.

DATA SELECTION

The compilation includes all published analyses of 
peralkaline silicic obsidians and glass separates known

to us, and which we considered reliable, plus 20 unpub 
lished analyses. The total number of analyses is 113.

During the data collection, analyses were rejected for 
the following reasons:
1. The total did not lie within the limits 99-101 percent.
2. Any one of the oxides SiO2 , A1 2O 3, Fe2O 3 , FeO, Na2O, 

and K 2O was not reported.
3. Three or more of the oxides TiO 2, MnO, MgO, CaO, 

H 2O + , and P 2O 5 were not reported.
4. The analysis has been shown to be untrustworthy. 

For example Zies (1960) has found that Wash 
ington's (1913) original analyses of Pantellerian 
hyalopantellerites are partly in error, especially 
in the TiO 2 figures.

In this compilation we compare the compositions of 
volcanic rocks from various localities. In doing so, we 
assume that the analyses being examined represent 
magmatic liquid compositions. About 70 percent of the 
analyses are of porphyritic obsidians, however, and 
Noble (1965, p. B88) has stressed, with special refer-

486-965 O - 72 - 2
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IOONa,0/(Na 90 + K

/ /
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:ALBITE)

EXPLANATION

o Devitrified
  Nondevitrified
A Hydrated
* Nonhydrated

\
10.0

12.5 

(ORTHOCLASE)IOONa 2 0/(Na 20 + Kj

FIGURE 2. Quadrilateral diagram, as devised by Bailey and Macdonald (1969), showing loss of some original sodium in glassy rocks as a result of devitrification or
hydration. Specimens identified as in table 1.

ence to pantellerites, that porphyritic rocks will not 
generally represent liquid compositions because of "the 
vagaries of crystal accumulation and separation." This 
statement assumes that segregation of crystals is a 
general process we would argue that this segregation 
needs to be proven for rhyolite magmas. Our examina 
tion suggests that segregation may have only minor 
effects. Of all porphyritic obsidians for which modal 
data are available, only 14 have > 8 percent phenocrysts 
by volume and none has >20 percent (fig. 3). It might 
be expected that if those obsidians with high crystal

CO
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VOLUME PERCENT OF MODAL PHENOCRYSTS

FIGURE 3. Frequency diagram showing volume percent of modal phenocrysts 
in samples of porphyritic obsidian. The patterned area represents the number 
of aphyric samples.

content were partly accumulitic, they would tend to 
show low values of the agpaitic index, because they 
have been diluted mainly with alkali feldspar. Yet those 
phenocryst-rich rocks occur at all values of agpaitic 
index (fig. 4).

We do not exclude the possibility that crystal accu 
mulation has occurred in some of these lavas and indeed 
have suggested (Macdonald and others, 1970) the possi 
bility for one trachyte from Kenya (analysis 107), but 
the data suggest that this is not typical.
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FIGURE 4. Relations between volume percent of modal phenocrysts and agpaitic 
index in samples of porphyritic obsidian having >8 percent of phenocrysts.
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COMPILATION OF ANALYSES

The major element analyses are compiled in tables 
2-4 using the revised nomenclature of figure 5. Within 
each table, the analyses are grouped geographically. 
Analyses of two obsidians which lack adequate geo 
graphic information are given in table 10. Trace element 
data are given in tables 5-8. Details of individual speci 
mens, including modal analyses where available, are 
given on pages N22-25. Here the rock names are those 
applied by the original authors.

All published norms have been checked before in 
corporation into the tables, and where adjustments 
have been made, the adjustment is mentioned in the 
specimen description. In several cases, the di and hy 
molecules had to be recalculated to wo+en+fs and 
en+fs, respectively.

The calculation of normative NaCl, NaF, and CaF2 
involves discarding part of the oxygen content of the 
analysis when the molecular weights of the pure mole 
cules are used. The part discarded is insignificant for 
most rocks but is important in the fluorine- and chlorine- 
rich peralkaline lavas, as it results in low totals for the 
norm. For example, 0.5 and 1.0 percent (by weight) 
chlorine in an analysis, when calculated as normative 
hi, results in a lowering of the weight total of the norm 
by 0.11 and 0.22 percent, respectively. Also, 0.5 and 
1.0 percent (by weight) fluorine, calculated as CaF2 or 
NaF, lower the total by 0.21 and 0.42 percent, respec 
tively. We have not included this excess oxygen in the

(9.2)

norms, but it has resulted in some cases in a fairly large 
discrepancy between percent oxides (by weight) and 
the norm.

NOMENCLATURE

The terminology of peralkaline silicic extrusive rocks 
is fortunately quite uncomplicated, and it is possible to 
group the rocks simply into (1) peralkaline trachytes 
with q<10 percent and (2) rhyolites of the comendite 
and pantellerite groups (Lacroix, 1927, 1930; Noble, 
1968). The old term "quartz-keratophyre," as used for 
alkali rhyolites, refers to altered rocks (Johannsen, 
1932). Noble (1968) has distinguished a group of vol 
canic rocks intermediate between peralkaline trachytes 
and rhyolites as "trachytic soda rhyolites," but for 
simplicity we have preferred to extend the terms 
"comendite" and "pantellerite" to cover these inter 
mediate types.

Pantellerite was coined by Foerstner (1881) for alkali 
rhyolites from the island of Pantelleria in the Mediter 
ranean, and Washington (1913), in a redescription of 
the rocks from the island, introduced the term "hyalo- 
pantellerite" for the glassy varieties. In recent literature 
the term "pantellerite" has tended to become synony 
mous with hyalopantellerite (Noble, 1965, p. B88). 
Comendite is a name devised by Bertolio (1895) for 
alkali rhyolites from Le Comende, San Pietro Island, 
Sardinia. Both comendites and pantellerites from the 
type areas are one-feldspar rhyolites, normally contain 
ing phenocrysts of alkali feldspar in the range anortho-

z
LLJ 
O
cc

N

< 20 
O
UJ
>

cc 
O

10

0

x  

B

o 10 20 (22) 30 40

2 NORMATIVE FEMICS, IN PERCENT

FIGURE 5. Classification scheme for peralkaline silicic obsidians, modified from Lacroix (1927) and Noble (1968) to include trachytic varieties. The boundary line is 
arbitrary. Specimens are plotted using the nomenclature of the original authors:  , comendite; O, pantellerite; A, pantelleritic trachyte; X, rocks termed simply 
rhyolite, trachyte, obsidian, and so forth. In our terminology: A, comendite; B, pantellerite; C, comenditic trachyte; and D, pantelleritic trachyte.
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clase to sanidine ± green pyroxene (which, when 
analyzed, appears to be sodic hedenbergite), aenigma- 
tite, and quartz in a groundmass of the same minerals ± 
aegirine, riebeckite to arfvedsonite, biotite, and acces 
sory minerals. Fayalite and iron oxides are scarce 
phenocrysts in some of the Pantellerian pantellerites. 
The mineralogy of the type specimens from the two 
areas seemed to Johannsen (1932) to be so similar that, 
with the agreement of Washington (Johannsen, 1932, 
p. 66), he suggested that the term "comendite" be 
dropped in preference to the older term "pantellerite."

Despite the petrographic similarities, Lacroix (1927, 
1930, 1934) was able to show that significant chemical 
differences existed between the more typical members 
of the two groups, but he also stressed that there was a 
continuous chemical transition between comendites and 
pantellerites and that any division made between them 
on these grounds would be purely arbitrary.

Some petrologists might question, from the evidence 
of the petrography and chemistry, whether it is neces 
sary to separate the two groups. We feel that there are 
sufficient important differences to make such a distinc 
tion necessary: in particular, the feldspar-liquid rela 
tionships seem to be rather different, and this difference 
must be of importance in the petrogenesis of the two 
suites (Bailey and Macdonald, 1969, and unpub. data; 
Nicholls and Carmichael, 1969, p. 273). Similarly, the 
term "comendite" as used by us includes rocks which 
are so trivially peralkaline that some workers would call 
them alkali rhyolites. However, we prefer to retain the 
latter term for high-Si0 2 metaluminous compositions 
and to retain comendite for peralkaline rhyolites. This 
usage is not really an abuse of the original rock name. 
The type specimens from Sardinia cover a range in com 
position from those near pantellerite to metaluminous 
varieties (Johnsen, 1912).

Lacroix (1927) suggested that 12.5 percent normative 
femic minerals be used as an arbitrary division between 
comendites (<12.5 percent) and pantellerites. Noble 
(1968) has adopted this figure in a recent study of 
peralkaline rhyolite glasses. In order to incorporate the 
peralkaline trachytes into this classification, we have 
used a slightly modified version of Lacroix's division, 
based on normative femic minerals and normative 
quartz (fig. 5). The boundary line is arbitrary. In the 
area between 25 and 35 percent normative quartz, the 
new division is effectively the same as that of Lacroix 
and Noble, but in less siliceous compositions that is, 
approaching Noble's (1968) trachytic soda rhyolites  
the boundary is increasingly displaced towards 
increasingly femic compositions.

The division between trachyte and rhyolite is taken 
at the conventional 10 percent normative quartz, and

the composition field can now be split into the following 
four areas (fig. 5): A, comendites; B, pantellerites; C, 
comenditic trachytes; and D, pantelleritic trachytes. 
The analyses are compiled in tables 2-8 under these 
headings. These analyses are plotted in figure 5, the 
symbols representing the terminology used by the orig 
inal authors. The old and new names agree fairly well, 
though compositions lying near the boundary line show 
some overlap. An example of this overlap is the suite of 
lavas (table 3, Nos. 91-103) from Mayor Island, New 
Zealand, which, according to figure 5, forms a series in 
the pantellerite field, spreading from types near the 
boundary to types well into the field. While Ewart, 
Taylor, and Capp (1968), on the basis of the report by 
Chayes and Zies (1962), and Noble (1968) have pre 
ferred to call the Mayor Island lavas pantellerites, 
Nicholls and Carmichael (1969) have termed them 
"comendites" and pointed out the differences between 
them and the type pantellerites. Chayes and Zies 
(1962) had implied that normative sodium metasilicate 
(ns) might be used to distinguish pantellerites from 
comendites because it seemed to be rare or absent in 
comendites but ubiquitous in (hyalo-) pantellerites. 
Subsequently, Ewart, Taylor, and Capp (1968, p. 123) 
termed the Mayor Island lavas "pantellerites" rather 
than comendites because of the presence in them of "a 
significant proportion of the normative ns molecule." 
This distinction is verified by the collection of analyses 
in tables 2-4. Of the comendites, 13 have no ns; the 
other 16 have <2 percent. All but three pantellerites 
have > 2 percent ns, of which one from Sardinia (analy 
sis 46) may be altered (p. N14). The low value in 
another, from Nevada (analysis 90), is due to making 
abnormally large amounts of NaF. It should be stressed 
here that this distinction applies to obsidians only. On 
crystallization, both comendites and pantellerites tend 
to lose alkalis, and ns is rare in crystalline varieties.

PETROCHEMISTRY

The chemical features which distinguish peralkaline 
rhyolites, especially pantellerites, from alkaline and 
calc-alkaline rhyolites were clearly recognized by 
Lacroix (1927, 1930) and include high contents of Na, 
Fe, Mn, Ti, and Zr and low contents of Ca, Mg, and P. 
Most striking are the low molecular A1 20 3 contents, 
which by definition are less than the sum of molecular 
Na20 + K20. More recent work has also shown that 
peralkaline rhyolite obsidians are strongly enriched in 
fluorine and chlorine (Bowen, 1937; Zies, 1960; Car 
michael, 1962; Lovering, 1966; Noble, 1965,1968; Noble 
and Haffty, 1969) and in the residual trace elements 
and are very depleted in certain other trace metals.
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CHEMICAL VARIATION IN COMENDITES 
AND PANTELLERITES

Since rhyolite and trachyte magmas are largely com 
posed of Si0 2, A1 20 3 , Na20, and K 20, systematic chemi 
cal differences between comendites and pantellerites 
should be revealed most clearly in the proportions of 
these elements. In figures 6 and 7 the analyses are 
plotted in the system (Na20 + K20)-Al 20 3-Si0 2, using 
simple projections devised by Bailey and Macdonald 
(1969).

The more peralkaline nature of the pantellerites is 
easily shown in figure 6 by projecting lines from the Si0 2 
apex through the sample points towards the alkali- 
alumina baseline. Such a line, with alkali-alumina ratio 
of 55.5:44.5, separates the two groups with almost no 
overlap.

The variation in alkali ratios is shown in figure 7. As 
the pantellerites are consistently more peralkaline than 
the comendites, the plotting of all the analyses in this 
single projection (Bailey and Macdonald, 1969) in 
volves the loss of the dimension of Si0 2 content. The

SiO.

value 100 Na20/(Na20 + K 20) and the alumina content 
are, however, unambiguously represented. Both groups 
show a range of values of 100 Na20/(Na20 + K20), the 
pantellerites between 64 and 77, and the comendites 
between 56 and 72. All those comendites with values 
>66 are from three localities New Guinea, Easter 
Island, and Iceland. They are only marginally peral 
kaline: their alkali ratios are more akin to those of 
metaluminous rhyolites. Eleven of the thirteen pantel 
lerites with values <66 are from one volcano at Chabbi, 
Ethiopia (table 3, Nos. 69-79) (Macdonald and Gibson, 
1969), and one is a Sardinian lava which is possibly al 
tered (Noble and Haffty, 1969, p. 508). With the excep 
tion of these specimens, there is a general tendency for 
the pantellerites to show higher Na 20/K20 ratios 
(fig. 11).

In the rhyolites the progression from comendite to 
pantellerite is marked by an increase in peralkalinity, 
and since, during normal fractionation processes more 
evolved liquids are usually increasingly peralkaline 
(Carmichael and MacKenzie, 1963; Bailey and Schairer,

90 90

AI 203 3Sib2 0 + K 20)3Si02

MOLECULAR PERCENT Na 2 0 + K 20

FIGURE 6. Part of a molecular SiO2-Al2Oa-(Na»O + K2O) diagram showing available analyses of comendites ( ), pantellerites (O). comenditic trachytes (A), and 
pantelleritic trachytes (A). The thin line that is radial from the SiOa apex represents the agpaitic index (Na2O + K 2O):Al 2Oa::55.5:44.5 and effectively separates 
comenditic from pantelleritic rocks.
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IOONa 2 0/(Na20+K20)

12.5 12.5

(ALBITE) IOONa,0/(Na,0-t-K 9 0) (ORTHOCLASE)

FIGURE 7. Variation in Na2O/(Na2O+K 2O) in comenditic and pantelleritic obsidians (including trachytic varieties). Symbols as in figure 6. See text for explanation. 
The pantellerite having 100Na2O/(NajO+K2O) =59.8 is from Sardinia (analysis 46) and has possibly lost some of its original sodium content.

1964), the most useful representation of the chemical 
variation between the two groups is in terms of increas 
ing peralkalinity, of which the simplest measure is the 
agpaitic index (Na 20+K20)/Al203.

In the series peralkaline trachyte to rhyolite, the 
variation in q is more marked than change in agpaitic

40

index. To describe the chemical variation over the whole 
range of oversaturated peralkaline obsidians then re 
quires three variables: agpaitic index, normative quartz, 
and the unknown (for example, element or element 
ratio). This involves the use of three-axes diagrams, the 
contouring of rectilinear diagrams, or the placing of rela-
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EXPLANATION 
Normative quartz, 
in weight percent

  >30
o 20-30
X 10-20
A 0-10

1.0 1.2 1.8 2.0 2.2 2.4 2.6

MOLECULAR (Na2 O + K2 O)/AI2 O3

FIGURE 8. Sum of normative femics plotted against agpaitic index (Na2O+K2O)/AhO3 for all analyses of comenditic and pantelleritic obsidians (including trachytic
varieties). Dashed lines show approximate boundaries of normative quartz contents.
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tively narrow limits on the range of quartz contents 
shown in any diagram. The contouring method has been 
used with reasonable success in figures 8 and 9, but the 
scarcity of analysis of rocks with less than 20 percent q 
makes it difficult to extend the contours towards the 
trachytic rocks. We have, therefore, chosen the third 
alternative to display the variation in chemistry of 
comendites and pantellerites and have plotted in figures 
10, 11, 14, and 15 only those analyses where the q con 
tent is greater than 20 percent. Only 9 trachytes and 10 
specimens with 10<q<20 have been omitted by this 
scheme.

Correlation coefficients for all pairs of the following 
variables have been computed (table 9): all major ele 
ments, agpaitic index, Fe as FeO, FeO/(FeO + Fe20 3 ), 
and Na20/K20. All analyses were used for these calcu 
lations, such that the maximum degrees of freedom were 
111. Any correlation >0.25 is significant at the 1-per 
cent level. As the relationships between agpaitic index 
and various elements and element ratios shown dia- 
grammatically in figures 10 and 11 are based only on

EXPLANATION 
FeO, in weight 

percent

rocks with normative quartz >20 percent, their cor 
relation coefficients will be slightly different (and 
usually higher) than those given in table 9.

Silicon. Though comendites have generally higher 
values of Si0 2 than the pantellerites, there is a consider 
able scatter within each group. Part of the scatter may 
be a result of variable quartz fractionation (Ewart and 
others, 1968; Bailey and Macdonald, 1969), but the free 
Si0 2 content does appear to show a nonsystematic 
variation (Noble, 1968). A group of high silica pantel 
lerites may be distinguished from those from the type 
area (p. N14).

Titanium. The increase in Ti0 2 with increasing 
agpaitic index is irregular, but statistically significant 
(table 9). The highest values are between 0.6 and 0.7 
percent.

Aluminum. The regular decrease in A1 20 3 from 
comendite to pantellerite has already been stressed by 
Noble (1968). It is notable that 11 percent A1 20 3 effec 
tively separates the two groups, only four rocks being 
exceptional in this case, one of them being the Sardinian

i- 
z
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40
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  7-8
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/ A
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FIGURE 9. Sum of normative femics plotted against normative quartz for all analyses of comenditic and pantelleritic obsidians (including trachytic varieties). Dashed
lines show approximate boundaries of FeO values.
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comendite (analysis 1) suspected of being altered 
(p. N14).

Iron. Noble (1968) has also demonstrated the re 
markably regular increase of iron with increasing peral- 
kalinity and 4 percent iron as FeO makes a very effec 
tive boundary between the groups. Noble, Chipman, 
and Giles (1968) have already proposed a 4 percent 
total of FeO and MnO as a simple parameter for dis 
tinguishing comendites and pantellerites. This param 
eter is potentially useful in that it may survive 
devitrification and recrystallization.

The ratio FeO/(FeO+Fe20 3 ) shows a relatively re 
stricted range, most analyses falling between 0.55 and 
0.75. Peralkalinity varies directly with total iron, there 
fore, but is independent of oxidation state. The two 
Sardinian specimens (analyses 1 and 46) have excep 
tionally low values of the ratio, and two of the remain 
ing three rocks with <0.5 are Pantellerian rocks 
analyzed by Romano (1968).

Manganese. Table 9 and figure 10 show a highly 
significant increase of MnO in the pantellerites.

Magnesium. Figure 10 shows a wide scatter of 
points. Noble, Haffty, and Hedge (1969) have claimed 
that most comenditic and pantelleritic glasses contain 
<0.05 percent MgO. Our data indicate that half of the 
pantellerites have MgO > 0.05 percent. This result does 
not occur simply because of our dealing with whole 
rocks rather than with glasses, as the tielines joining 
available rock-glass pairs indicate (fig. 12). However, 
this point cannot be emphasized, because of the known 
difficulties of analyzing for Mg in low concentrations. 
For example, of the five analyses with MgO > 0.3 per 
cent, three are Pantellerian pantellerites analyzed by 
Romano (1968, 1969). Since earlier analyses by Wash 
ington, Zies, and Carmichael of similar rocks do not 
show such high MgO figures, Romano's values may 
possibly be too high.

Calcium. Figure 10 shows a scatter of points. The 
data do not support Noble's (1968) suggestion that 
CaO is on the average higher in pantellerites than 
in comendites.

Sodium and potassium. Whereas K 20 remains fairly 
constant, Na 20 increases steadily with agpaitic index. 
As a result, Na 20 + K 20 and Na 20/K20 also rise in the 
pantellerites (fig. 7).

Phosphorus. P20 5 is uniformly very low, only 11 
percent of the specimens having values >0.05 percent.

Water. Water is low, only four samples having 
H20+ >0.5 percent. Because pulverized nonhydrated 
glasses tend to adsorb water during sample preparation, 
many analyses of H 20+ in these rocks are probably 
slightly high. Thus, the average figure for our compila 
tion (H 20 + =0.23 percent in 88 samples, omitting 
analysis 44 which may be partly hydrated) may most

closely approach the true amount of water in peralkaline 
rhyolite magmas (q >20 percent).

An unexplained feature of H 20+ distribution be 
tween crystals and glasses in certain pantellerites is 
shown in figure 12. In all specimens, the glass analysis 
shows lower H 20 + than the bulk rock, yet none of the 
analyzed phenocryst minerals from the sample (Car 
michael, 1962) appear to contain sufficient water to 
satisfy the bulk figure.

Fluorine and chlorine. Most specimens contain be 
tween 0.15 and 30 percent fluorine; several rocks from 
Kenya and one from Nevada have exceptionally high 
values. Chlorine content is variable and is generally less 
than 0.4 percent. Of 12 analyses with chlorine > 0.4 per 
cent, nine are from Pantelleria, one is from Nevada, and 
two are from Kenya. This chlorine enrichment results 
in abnormally high chlorine-fluorine ratios for the Pan 
tellerian lavas (Noble and Haffty, 1969, p. 506). Noble 
and Haffty also suggest that "most silicic glasses of both 
peralkaline and nonperalkaline chemistry appear to 
contain significantly more F than Cl * * *. The Sar 
dinian specimens, which have Cl contents of 0.1 per 
cent or less * * * appear more normal in this aspect 
of their chemistry." Our data indicate that this is not 
true for comendites, at least, and that the Sardinian 
specimens (analyses 1 and 46) have the lowest chlorine- 
fluorine ratios of all the samples and cannot therefore 
be considered typical.

Summary. Although there is a complete chemical 
transition between the two groups, pantellerites are by 
definition more femic than comendites. They are also 
more peralkaline (fig. 6); an agpaitic index of 1.25 is, 
with very few exceptions, the maximum for comendites 
and the minimum for pantellerites. Four percent iron 
as FeO and 11 percent A1 20 3 also seem to distinguish the 
two groups very effectively.

The chemistry of those rhyolites with >20 percent 
normative quartz is marked by an extremely regular 
variation in agpaitic index, iron, manganese, and Na20/ 
K 20 (figs. 10 and 11; compare Noble, 1968). The statis 
tical analysis (table 9) makes it clear that there are 
strong positive correlations between Na 20 and iron as 
FeO (correlation coefficient r = 0.83), Na 20 and MnO 
(r = 0.71), and MnO and iron as FeO (r = 0.84) for all 
peralkaline silicic obsidians. All three oxides also show 
significant increase with increasing Ti0 2 (r>0.66). 
Other marked features are the strong negative correla 
tions between Si0 2 and each of Na 20, iron as FeO, 
MnO, CaO, and TiO,.

SUBGROUPS WITHIN THE COMENDITES

During this study we had full analyses of only 29 
comenditic obsidians, an insufficient sample to justify 
the establishment of rigid chemical subgroups. Further-
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more, whereas the pantellerites have distinctive chemi 
cal features, the comendites are a more heterogeneous 
group, grading into the wider spectrum of calc-alkaline 
rhyolites. A few useful generalizations may be made 
about variation within the group.

A glassy comendite from Sardinia (analysis 1) has 
been described by Chayes and Zies (1962), along with a 
glassy pantellerite (analysis 46) termed "comendite" 
by Chayes and Zies (1964). Both rocks, however, 
have low values of FeO/(FeO+Fe20 3 ), Cl/F, and 
Na20/K20, while the comendite seems to have a low 
Na 20 value and perhaps high H 20  . These features, 
together with the color of the specimens described by 
Chayes and Zies as bluish gray, make us suspect that 
these Sardinian specimens are altered (hydrated?), a 
conclusion already reached by Noble and Haffty (1969), 
partly on the basis of the low sodium contents.

Two very broad subgroups can be distinguished 
among the comenditic obsidians: Subgroup A, those 
from Ethiopia, Kenya, western United States, and 
western Iceland, and subgroup B, those from Ascension, 
Bouvet, and Easter Islands, New Guinea, and also one 
specimen from eastern Iceland (analysis 16). With the 
obvious exception of the western Icelandic rocks, this 
grouping corresponds to the division of comenditic obsi 
dians into continental and oceanic types by Bailey and 
Macdonald (1970). The main difference between them 
is that subgroup A is more siliceous, all having >25 
percent normative quartz, whereas rocks of subgroup B 
have <25 percent. This more siliceous character is, as 
might be expected, accompanied by slightly lower 
A1 20 3 , FeO, Ti0 2 , and CaO. An interesting distinction 
is that fluorine content is greater than chlorine content 
in subgroup A, whereas the situation is reversed in sub 
group B. The ratios of Na 20 to K 20 also tend to be 
different; Na 20/K20 in subgroup A ranges from 0.86 to 
1.24 and in subgroup B ranges from 1.17 to 1.26 in 
rocks from Bouvet and Ascension Islands and from 1.36 
to 1.71 in rocks from Easter Island and eastern Iceland. 
The higher values in these last obsidians are a result of 
low K20 contents, the only rhyolites in the compilation 
having less than_4j>ercent K20, except for one pantel 
lerite from Fantale volcano, Ethiopia (analysis 54).

SUBGROUPS WITHIN THE PANTELLERITES

The chemistry of the pantellerites is more distinctive 
than that of the comendites, and their unusual charac 
teristics have made them widely studied. We distin 
guish two transitional subgroups: Subgroup A, those 
from the type area, Pantelleria, and closely similar rocks 
from Chad, Ethiopia, Kenya, Nevada, and Socorro 
Island and subgroup B, a high-silica group. The high- 
silica group is not the same as the"quartz-pantellerite" 
subdivision of Johanssen (1932). Rocks from both of our

subgroups may carry quartz phenocrysts. The best de 
velopments of high-silica pantellerites are in the vol 
canoes of Mayor Island, New Zealand, and Chabbi, 
Ethiopia; some specimens from Mayor Island are, how 
ever, akin to type pantellerites (subgroup A) and this 
similarity has produced some confusion of nomenclature 
in the literature.

The high-silica pantellerites differ from the type 
hyalopantellerites not only in their higher Si0 2 values, 
but also in lower Ti02 and CaO (fig. 13). They are also 
lower in iron (as FeO). All the Chabbi rocks and some 
of those from Mayor Island also have lower Na20/K20 
ratios, and the subgroup may be considered as transi 
tional towards the comendites. The Chabbi lavas have 
higher Ti0 2 and MnO contents than the Mayor Island 
lavas.

Within subgroup A, the exceedingly high chlorine 
contents of the Pantellerian rocks have already been 
mentioned (p. N12); certain of the Tibesti and Fantale 
obsidians are rich in CaO (fig. 10).

The only published analysis (table 3, No. 104) of a 
subgroup A pantellerite in the ocean basins is from 
Socorro (Bryan, 1970). A recently discovered glassy 
pantelleritic dike on Iceland (Haraldur Sigurdsson, 
written commun., 1969) is transitional to the high silica 
group in having low FeO, Ti0 2 , and CaO contents. In 
view of this scarcity of strongly peralkaline rocks in the 
oceans, Coombs' (1963) use of the term "pantellerite 
trend" to describe the oceanic alkali basalt-rhyolite 
series could be more accurately replaced by the term 
"comenditic trend" of Chayes (1970). Similarly, the 
"impression" gained by Bailey and Schairer (1966, p. 
149) that oceanic lavas are more clearly peralkaline 
than continental was mistaken.

Further data will almost certainly modify the gen 
eralizations made in this section, but a closer definition 
of subgroups within both comendites and pantellerites 
may well prove petrogenetically useful.

TRACHYTE OBSIDIANS

Analyses of nonhydrated peralkaline trachytic glasses 
are exceedingly rare in the literature. Only seven pub 
lished analyses and two analyses made recently at 
Reading are given in table 4. This scarcity seems to re 
flect a true scarcity of these rocks in nature, East Africa 
being the only area where oversaturated glassy 
trachytes appear to crop out in any abundance. The 
East African trachytes are strongly peralkaline; comen 
ditic trachyte magma may be rarer still if comendites 
can be derived from metaluminous trachytes. For petro- 
genetic purposes it might have been instructive to in 
clude analyses of these metaluminous types in the com 
pilation, but this inclusion would have widened the 
scope of the work far beyond our original intentions.
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In view of the importance of trachytes in the study of 
peralkaline rhyolites (Carmichael and MacKenzie, 
1963; Bailey and Schairer, 1964), we prefer merely to 
stress the paucity of data on peralkaline trachytic 
glasses and to single out this field of research as requir 
ing immediate attention.

Of the three analyses plotting in the comenditic 
trachyte field (fig. 5), one (analysis 107) is almost cer 
tainly a pantellerite trachyte which has lost alkalis on 
devolatilization and which has been enriched in cumulus 
feldspar phenocrysts (Macdonald and others, 1970). 
The two remaining analyses (analysis 105 from Ker- 
guelen and 106 from Pitcairn Island) are both of oceanic 
trachytes.

The pantelleritic trachytes are all from central 
Kenya. Compared to the pantellerites with which they 
are broadly associated, they are enriched predictably in 
A1 2O3 , Ti02 , Fe2O3 +FeO, MnO, MgO, and CaO. 
Rather surprisingly perhaps, these trachytes are only 
marginally less peralkaline than the pantellerites; the 
significance of this feature has been discussed by 
Macdonald, Bailey, and Sutherland (1970).

TRACE ELEMENTS

One aim of the geochemist is to determine as accu 
rately as possible the behavior of trace elements during 
magmatic processes, and it is important, therefore, that 
the rocks studied be representative of the composition 
of the magmas from which they were formed. Available 
data indicate that this is not normally the case in crys 
tallized peralkaline silicic rocks, because various minor 
elements may be lost during devitrification and (or) 
hydration (Noble, 1968; Rosholt and Noble, 1969) or 
during the slower cooling of plutonic bodies, losses 
apparently connected with the high mobility of the 
residual traces in fugitive alkaline solutions. As was the 
case for the major elements, it is necessary to use only 
nonhydrated glasses to estimate the true magmatic 
abundances. Very few trace element analyses have been 
published, especially of comenditic obsidians, and we 
have accordingly started an analytical program to try to 
fill some of the more critical gaps. The results for 13 ele 
ments, taken from Ray Macdonald, D. K. Bailey, and 
G. R. Angell (unpub. data) are given in table 7, and 
published data are compiled in table 5. Table 5 is not 
exhaustive, as we have used only those specimens for 
which acceptable major element analyses are also 
available.

The limited data available (table 5) indicate that, 
relative to the "average granite" (Taylor, 1964; Taylor 
and White, 1966) and calc-alkaline rhyolites from New 
Zealand (Ewart and others, 1968) and Arran, Scotland 
(Nicholls and Carmichael, 1969), the comendites and 
pantellerites show strong enrichment in Hf, La, Mo, Nb,

Ta, Y, Yb, Zn, and Zr, and moderate to strong enrich 
ment in B, Be, Cd, Ga, Li, Sn, and perhaps Th and U. 
This enrichment is accompanied by a very marked de 
pletion in Ba, Cr, Sr, V, and probably Sc. Concentra 
tions of Co, Cs(?), Cu, Ni, Pb, and Rb seem to be similar 
to those in calc-alkaline types, except for those pantel 
lerites with high agpaitic index, which may show en 
richment in rubidium. Data from Mayor Island (Ewart 
and others, 1968) also indicate a strong enrichment in 
rare earths (analyses 91-95, tables 5 and 6).

VARIATIONS IN COMENDITES AND PANTELLERITES

As a result of the scarcity of data for the comendite 
obsidians, this discussion must be restricted to barium, 
copper, nickel, strontium, lead, rubidium, thorium, 
yttrium, cerium, lanthanum, niobium, zinc, and zir 
conium. Figures 14 and 15 show the variations of some 
of these elements with respect to the agpaitic index.

Barium. Most pantellerites are strongly depleted in 
barium, except for those from Gariboldi volcano, 
Ethiopia, where barium values reach 680 ppm (parts 
per million). Barium values as high as 600 ppm from the 
vitreous parts of a pantelleritic welded ash-flow tuff 
which erupted from the nearby volcano Fantale (Gib- 
son, 1970) indicate that the Fantale rocks may also be 
relatively barium-rich. On the other hand, Chabbi 
volcano, part of the same chain of Quaternary pantel 
lerite volcanoes on the Ethiopian Rift Valley floor, is 
more "normal," with barium values in the pantellerites 
between 50-60 ppm.

The oceanic comendites of Bouvet and Easter Islands 
also show relative barium enrichment.

Copper. -All specimens are uniformly low in copper. 
Only a comendite from Nevada (analysis 12) contains 
> 12 ppm.

Nickel. All specimens are also low in nickel; 10 ppm 
is the maximum value recorded, and most rocks contain 
<5 ppm.

Strontium. The pantellerites have strontium values 
as high as 12 ppm. The higher values in the comendites, 
as much as 42 ppm, might be expected as these rocks 
are transitional to calc-alkaline rhyolites (table 5). The 
claim by Noble, Haffty, and Hedge (1969) that most 
peralkaline glasses have <5 ppm strontium is only 
partly true, even for the pantellerites. Using this figure 
as the normal maximum amount, they noted that some 
Pantellerian specimens then had "anomalously" high 
strontium values, but the new data show that this fea 
ture is shared by many of the Gariboldi flows, whereas 
Gibson (1970) reports strontium values as high as 40 
ppm from glassy lenses in the Fantale welded tuff. 
Barberi, Borsi, Ferrara, and Innocenti (1969) have 
given values of 13 and 14 ppm for two pantellerites 
from Pantelleria. The spread of strontium concentra-
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tions is therefore larger than that indicated by Noble, 
Haffty, and Hedge (1969), who seem to have been in 
fluenced by the analyses of comenditic glasses from the 
western United States, which do have <5 ppm 
strontium.

Lead, rubidium, thorium, and yttrium. Only a nar 
row range of concentrations is shown for rubidium, 
thorium, yttrium, and lead, and there is no tendency 
for these elements to co-vary with agpaitic index. There 
is a slight decrease in K/Rb ratio in more peralkaline 
rocks.

Cerium, lanthanum, niobium, zinc, and zirconium.  
These five elements are grouped together because, al 
though there is a wide scatter of points in the pantel- 
lerites for each, it can be shown that the scatter is 
largely due to marked relative differences in concentra 
tions in rocks from different areas. Thus the pantel- 
lerites from Pantelleria, Chabbi, and central Kenya 
generally contain more lanthanum, niobium, and zinc, 
and those from Chabbi and central Kenya, more cerium 
than those from Gariboldi, which in turn are enriched 
in cerium, lanthanum, and niobium compared to the 
Mayor Island rocks (fig. 15). The Pantellerian speci 
mens are particularly enriched in niobium and zir 
conium. In contrast to these four elements, the Mayor 
Island pantellerites are not depleted in zirconium; they 
contain amounts comparable to the Chabbi and Pan 
tellerian rocks and rather more than the Gariboldi 
specimens.

Despite these areal variations, within each suite there 
is a tendency for Ce, La, Nb, Zn, and Zr to increase 
with increasing agpaitic index, a feature best displayed 
by the Gariboldi rocks (fig. 15).

TRACE ELEMENTS IN PERALKALINE TRACHYTES

Data are available for only four pantelleritic and one 
comenditic trachyte glasses (table 8), all of which were 
collected in central Kenya. Their trace element con 
tents are similar to those of the Kenyan pantellerites 
and lie within the composition ranges of all pantellerites.

DISCUSSION

The remarkably regular variation shown by the 
major elements in the comendites and pantellerites is 
not also shown by the trace elements (fig. 14). Though 
there is a tendency within individual suites for elements 
such as Ce, La, Nb, Zn, and Zr to increase in more 
peralkaline rocks, superimposed on the trends are large 
differences in abundances due to geographical location. 
It is possible, for example, to distinguish the lavas of 
Gariboldi volcano from those of Pantelleria on the basis 
of their trace element contents, whereas the pantellerite 
from Nevada has considerably higher values of the
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FIGURE 15. Variation diagrams showing trace element associations in pantel 
lerites. X, Kenya; +, Mayor Island; -Q-. Chabbi; 0, Pantelleria; O, 
Gariboldi. Data from tables 5 and 7. The pantellerite from Nevada (analysis 
90) has been omitted from the diagram to preserve the scale.

residual elements than any other analyzed peralkaline 
glass. The subgroups so distinguished are not the same 
as those based on the major element analyses. The 
Chabbi rocks, belonging to the high-silica group of 
pantellerites, have a trace element suite broadly similar 
to those of the type pantellerites, and the Gariboldi 
rock was classed as a type pantellerite on the basis of 
major elements. The preliminary data seem to indicate 
the possibility that each volcano is characterized by its 
trace element association and that the differences be-
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tween volcanoes mark real differences in the minor- 
element chemistry of the source materials.
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EXPLANATION TO TABLES 2-8
No attempt has been made to specify the composition of the 

feldspar and pyroxene phenocrysts because, except where the 
phenocrysts have actually been analyzed, sufficient data are rarely 
given, especially in older papers, to accurately identify the mineral 
species. Abbreviations for phenocrysts are as follows: F is alkali 
feldspar; Q, quartz; P, pyroxene; O, olivine; A, aenigmatite (in 
cluding cossyrite); AB, amphibole; IO, opaque ores; and AP, 
apatite. Figures in parentheses, for example F(2), refer to modal 
percentages; tr. in parentheses indicates trace. Colln. is collection 
number; lab., laboratory number. Rock names used below are 
those applied by the original authors.

COMENDITES

EUROPE

Sardinia

1. Comendite, Le Fontane, Isola San Pietro. Analyst: E. G. 
Zies (fluorine by V. C. Smith). Phenocrysts: F(9.3), 
Q(6.0), tridymite and others (0.3). References: Chayes 
and Zies, 1962, table 7, colln. 40B5. Analysis of feldspar 
phenocrysts given in same paper. Trace element data 
from Noble and Haffty, 1969.

AFRICA 
Chad

2. Comendite obsidian, Tarso Tousside", Tibesti Mountains. 
Analyst: F. Raoult. Phenocrysts: F, P, 0, 10. Reference: 
Lacroix, 1934, p. 190, No. 1.

Ethiopia

3. Comendite obsidian, Sardo, Afar. Analyst: 0. Hieke Merlin. 
Phenocrysts: None. Reference: Hieke Merlin, 1953, table 
2. 

Belongs to Aden Series Volcanics.

Kenya

4. Rhyolite obsidian, south shore, Lake Naivasha. Analyst: 
A. Willman (fluorine by E. S. Shepherd). Phenocrysts: 
F, rare; 0, very rare. Reference: Bowen, 1937, table 1, No. 
6, colln. NLB 248.

5. Comendite obsidian, top of flow, north portal of Njorowa 
Gorge, Lake Naivasha. Analyst: A. Willman (fluorine by 
E. S. Shepherd). Phenocrysts: None. Reference: Bowen, 
1937, table 1, No. 8, colln. NLB 246.

6. Rhyolite obsidian (comenditic), south shore, Lake Naivasha. 
Analyst: S. Goldich (fluorine by E. S. Shepherd). Pheno 
crysts: None. Reference: Bowen, 1937, table 1, No. 9, 
colln. NLB 249.

7. Comendite obsidian, exact locality unknown, Rift Valley. 
Analysts: S. A. Malik, D. A. Bungard, J. M. C. Palmer. 
Phenocrysts: None. Reference: Bailey and Macdonald, 
1970, table 1, No. 11, colln. EAK 7.

8. Comendite obsidian, Kongoni farm, Naivasha. Analysts: 
S. A. Malik, D. A. Bungard, L. Porteous. Phenocrysts: F, 
including F-Q intergrowths (10.2), Q(1.3), P(tr.), vesicu 
lar specimen 29.2% pores, by volume. Reference: Bailey 
and Macdonald, 1970, table 1, No. 10, colln. 43/3/S/85.

UNITED STATES

Idaho 

9. Comendite glass, Big Southern Butte. Analysts: V. C. Smith, 
J. Haffty. Reference: Noble, 1968, table 1, No. 1, lab. 
D101042.

Nevada

10. Comendite glass, Spearhead Member, Thirsty Canyon Tuff, 
Black Mountain volcanic center, Nye County. Analysts: 
V. C. Smith, J. Haffty, H. Neiman. Reference: Noble,
1968. table 1, No. 2, lab. D100737.

11. Comendite glass, basal glassy zone of Grouse Canyon 
Member, Belted Range Tuff, Silent Canyon volcanic 
center, Nye County. Analysts: V. C. Smith, J. Haffty, H. 
Nieman. Phenocrysts: None. References: Noble, 1968, 
table 1, No. 3, lab. D100317. Trace element data from 
Noble, 1970.

12. Comendite glass, lowermost part of Grouse Canyon Member, 
Belted Range Tuff, Silent Canyon volcanic center, Nye 
County. Analyst: E. S. Daniels. Phenocrysts: None. 
Reference: Noble, 1970, table 1, No. 2, lab. D100209.

13. Comendite glass, lowermost part of Grouse Canyon Member, 
Belted Range Tuff, Silent Canyon volcanic center, Nye 
County. Analyst: E. L. Munson. Phenocrysts: None. 
Reference: Noble, 1970, table 1, No. 3, lab. D101090.

14. Comendite glass separate, basal glassy zone of Spearhead 
Member, Thirsty Canyon Tuff, Black Mountain Volcanic 
center, Nye County. Analysts: V. C. Smith and others. 
References: Partial analysis in Noble, 1967, table 1, No. 
2A, lab. D100320. Complete analysis from U.S. Geological 
Survey files.

15. Comendite glass separate, basal glassy zone of Spearhead 
Member, Thirsty Canyon Tuff, Black Mountain volcanic 
center, Nye County. Analysts: C. L. Parker and others. 
References: Partial analysis in Noble, 1967, table 1, No. 
2B, lab. D100437. Complete analysis from U.S. Geological 
Survey files, trace element data from Noble and Haffty,
1969.

ATLANTIC OCEAN

Iceland

16. Obsidian, Oraefajokull, Eastern Iceland. Analyst: I. S. E. 
Carmichael, Phenocrysts: P(0.3), 0(0.3), 10(0.1), plagio- 
clase (2.1). Reference: Carmichael, 1967, table 5, No. 2. 
Analyses of pyroxene, olivine, and iron-titanium oxides 
given in same paper.

This rock and perhaps that from Ljosufjoll (analysis 
17) are the only ones in this compilation that contain 
plagioclase phenocrysts.

17. Comendite obsidian, Ljosufjoll. Analysts: S. A. Malik, 
D. A. Bungard, L. Porteous. Phenocrysts: F(l), P(tr.), 
O(tr.), plagioclase(?). Reference: Bailey and Macdonald, 
1970, table 1, No. 7, colln. 491. 

See comment for specimen 16.
18. Comendite obsidian, Midhyrna. Analysts: S. A. Malik, 

D. A. Bungard, L. Porteous. Phenocrysts: F«l), P(tr.), 
10(tr.). Reference: Bailey and Macdonald, 1970, table 1, 
No. 8, colln. 295.

Composition of feldspar phenocrysts is Oras.
19. Comendite obsidian, Hrafntinnusker. Analysts: S. A. Malik, 

D. A. Bungard, L. Porteous. Phenocrysts: None. Refer 
ence: Bailey and Macdonald, 1970, table 1, No. 9, colln. 
423.

Ascension Island

20. Comendite obsidian, Middleton's Ridge. Analysts: S. A. 
Malik, D. A. Bungard, J. M. C. Palmer. Phenocrysts: 
F, very scarce «1). Reference: Bailey and Macdonald, 
1970, table 1, No. 1, colln. 15375.



CHEMISTRY OF PERALKALINE OVERSATURATED OBSIDIANS N23

Bouvet Island

21. Comendite obsidian, Lars islet. Analyst: E. Kliiver. Pheno- 
crysts: F. Reference: Broch, 1946, p. 16.

Broch's norm in error; the corrected norm is given in 
table 2.

22. Comendite obsidian, Lars islet. Analysts: S. A. Malik, D. A. 
Bungard, J. M. C. Palmer. Phenocrysts: F(2.5). Refer 
ence: Bailey and Macdonald, 1970, table 1, No. 3, colln. 
WJ18B.

23. Comendite obsidian, Lars islet. Analysts: S. A. Malik, D. A. 
Bungard, J. M. C. Palmer. Phenocrysts: F(<1). Refer 
ence: Bailey and Macdonald, 1970, table 1, No. 2, colln. 
B2.

PACIFIC OCEAN

Easter Island

24. Banded hyperalkaline obsidian, Rana Kau. Analyst: F. 
Raoult. Phenocrysts: F, P, O. References: Analysis from 
Lacroix, 1936b, p. 603, phenocryst assemblage from 
Lacroix, 1936a, p. 529.

25. Comendite obsidian, slopes of Rana Kau. Analysts: S. A. 
Malik, D. A. Bungard, J. M. C. Palmer. Phenocrysts: 
Very scarce(?) zircon. Reference: Bailey and Macdonald, 
1970, table 1, No. 5, colln. 17518.

26. Comendite obsidian, Motu Iti islet. Analysts: S. A. Malik, 
D. A. Bungard, J. M. C. Palmer. Phenocrysts: None. 
Reference: Bailey and Macdonald, 1970, table 1, No. 4, 
colln. 17525.

27. Comendite obsidian, northwest side of Cerro Orito. Analysts: 
S. A. Malik, D. A. Bungard, J. M. C. Palmer. Pheno 
crysts: None. Reference: Bailey and Macdonald, 1970, 
table 1, No. 6, colln. 17691.

New Guinea

28. Aegirine obsidian, southeast floor of Lamonai crater, Fergus- 
son Island. Analysts: L. Castanelli, R. L. Bruce. Pheno 
crysts: Sparse, F, P. Reference: Morgan, 1966, table, No. 
29.

29. Pumiceous aegirine obsidian, close to crater, Oian cone, Fer- 
gusson Island. Analysts: L. Castanelli, R. L. Bruce. 
Phenocrysts: Sparse F, P. Reference: Morgan, 1966, 
table, No. 30.

PANTELLERITES
EUROPE

Pantetteria

30. Hyalopantellerite, Gelkhamar. Analyst: E. G. Zies (fluorine 
by V. C. Smith). Phenocrysts: F(10.7), Q(0.8), P(0.2), 
A(0.8). Reference: Zies, 1960, p. 307, colln. PRC 2000.

Re-analysis of Washington's (1913) specimen A. Further 
revised analysis given by Noble and Haffty (1969) includ 
ing fluorine figure. New A12O3 (corrected for trace element 
interference) =8.29, MgO=0.07, Na2O = 6.48, K2O=4.44, 
ZrO2 =0.27. Analysis of feldspar phenocrysts in Chayes 
and Zies (1962, table 8); trace element data from Noble 
and Haffty (1969).

31. Hyalopantellerite, Costa Zeneti. Analyst: E. G. Zies (fluorine 
by V. C. Smith). Phenocrysts: F(ca. 2). Reference: Zies, 
1960, p. 307, colln. PRC 2007.

Re-analysis of Washington's (1913) specimen D. Fur 
ther revised analysis and trace element data given by 
Noble and Haffty (1969), including fluorine figure. New 
A12O3 (corrected for trace element interference) =11.08, 
Na2O=6.34, K2O=4.61, ZrO2 =0.17.

32. Hyalopantellerite, Cuddia Gadir. Analyst: E. G. Zies 
(fluorine by V. C. Smith). Phenocrysts: F(8.8), Q(2.2), 
P(O.l), A(0.4), IO(0.1). Reference: Chayes and Zies, 1964, 
table 19, colln. 44B5.

Slightly revised analysis and trace element data given 
by Noble and Haffty, 1969, including fluorine figure. New 
Al2Oa (corrected for trace element interference) =8.15, 
NA2O = 6.60, K2O=4.41, ZrO2 =0.29. Analysis of feldspar 
phenocrysts in Chayes and Zies, 1964.

33. 34. Porphyritic pantellerite obsidian and separated (residual) 
glass, exact locality not given. Analyst: I. S. E. Car- 
michael. Phenocrysts: F(10.7), P(0.5), O(0.4), A(tr.), 
IO(0.2). References: Carmichael, 1962, table 6, Nos. 1R 
and 1G, colln. 5748; trace element data for 33 from Nicholls 
and Carmichael, 1969.

Chlorine computed from mode and analyzed chlorine 
content of glass. Analyses of feldspar, pyroxene, and olivine 
given in Carmichael (1962), with revised feldspar and 
pyroxene values in Nicholls and Carmichael (1969).

35, 36. Porphyritic pantellerite obsidian and separated (residual) 
glass, exact locality not given. Analyst: I. S. E. Car 
michael. Phenocrysts: F(18.0), Q(O.l), P(0.3), O(tr.), 
A(0.9), IO(tr.). References: Carmichael, 1962, table 6, 
Nos. 2R and 2G, colln. 3112; trace element data for 35 
from Nicholls and Carmichael, 1969.

Chlorine computed from mode and analyzed chlorine 
content of glass. Analyses of feldspar, pyroxene, and aenig- 
matite given in Carmichael (1962), with revised feldspar 
and pyroxene values in Nicholls and Carmichael (1969).

37, 38. Porphyritic pantellerite obsidian and separated (residual) 
glass, exact locality not given. Analyst: I. S. E. Car 
michael. Phenocrysts: F(9.4), Q(2.0), P(tr.), A(0.9). 
References: Carmichael, 1962, table 6, Nos. 3R and 3G, 
colln. 5749; trace element data for 37 from Nicholls and 
Carmichael, 1969.

Chlorine computed from mode and analyzed chlorine 
content of glass. Analyses of feldspar and aenigmatite given 
in Carmichael (1962), with slightly revised feldspar values 
in Nicholls and Carmichael (1969).

39, 40. Porphyritic pantellerite obsidian and separated (residual) 
glass, exact locality not given. Analyst: I. S. E. Car 
michael. Phenocrysts: F(1.2), P(tr.), O(tr.). References: 
Carmichael, 1962, table 6, Nos. 4R and 4G, colln. 3114; 
trace element data for 39 from Nicholls and Carmichael, 
1969.

Chlorine computed from mode and analyzed chlorine 
content of glass. Analysis of feldspar phenocrysts given in 
Carmichael (1962), with a slightly revised value in Nicholls 
and Carmichael (1969).

41. Pantellerite, Cuddia Attalora. Analyst: R. Romano. Pheno 
crysts: No data. Reference: Romano, 1968, table 1, No. 
28.

42. Pantellerite, Cuddia da Khamma. Analyst: R. Romano. 
Phenocrysts: No data. Reference: Romano, 1968, table 1, 
No. 29.

43. Pantellerite, Gala di Tramontana. Analyst: C. Sturiale. 
Phenocrysts: No data. Reference: Romano, 1968, table 1, 
No. 31.

44. Pantellerite, Fossa della Pernice (same flow as analysis 39). 
Analyst: R. Romano. Phenocrysts: No data. Reference: 
Romano, 1969, table 1, analysis D.

45. Pantellerite, Fossa della Pernice (same flow as analysis 38). 
Analyst: R. Romano. Phenocrysts: No data. Reference: 
Romano, 1969, table 1, analysis E.
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Same analysis given in Romano (1968, table 1, No. 27), 
but with different values of MnO (0.25) and P200 (0.19). 
No explanation of this difference offered.

Sardinia 

46. Comendite, Capo Sandolo, San Pietro. Analyst: E. G. Zies 
(fluorine by V. C. Smith). Phenocrysts: F(13.7), Q(3.6), 
P( <0.1), A( <0.1), AB(O.l). References: Chayes and Zies, 
1964, table 19, colln. 39B3; fluorine and trace element data 
from Noble and Haffty, 1969. Analysis of feldspar given 
in Chayes and Zies (1964).

AFRICA 

Chad

47. Pantellerite obsidian, Wantagoi, Tibesti Mountains. Analyst: 
F. Raoult. Phenocrysts: No data. Reference: Lacroix, 
1934, p. 191, No. 7.

48. Pantellerite obsidian, western flank, Emi Koussi. Analyst: 
F. Raoult. Phenocrysts: No data. Reference: Lacroix, 
1934, p. 191, No. 8.

49. Pantellerite obsidian, fragments, Enneri Gonoa. Analyst: 
F. Raoult. Phenocrysts: F. Reference: Lacroix, 1934, p. 
191, No. 9.

Ethiopia

50. Comendite obsidian, Entotto, Shoa. Analyst: 0. Hieke Mer 
lin. Phenocrysts: None. Reference: Hieke Merlin, 1953, 
table 2. 

Belongs to Trap Series Volcanics, Magdala group.
Aden Series Volcanics:
51. Comendite obsidian, Monte Agelu, near Gauani, Hararge. 

Analyst: 0. Hieke Merlin. Phenocrysts: None. Reference: 
Hieke Merlin, 1953, table 2.

52. Pantellerite obsidian, south side of Fantale volcano, Shoa. 
Analyst: F. Raoult. Phenocrysts: F, Q, P, A. Reference: 
Lacroix, 1930, p. 95, analysis A.

53. Porphyritic pantellerite obsidian, south side of Fantale vol 
cano, Shoa. Analyst: F. Raoult. Phenocrysts: F, Q, Q-F 
intergrowths, A, AB. Reference: Lacroix, 1930, p. 95, 
analysis B.

54. Opaque pantellerite obsidian, north side of Fantale volcano, 
Shoa. Analyst: F. Raoult. Phenocrysts: No data. Refer 
ence: Lacroix, 1930, p. 97, analysis D.

55. Pantellerite, Fantale volcano, Shoa. Analyst: C. S. Kitchen. 
Phenocrysts: No. data. Reference: Rohleder and Kitchen, 
1930, p. 281, No. 6.

56. Pantelleritic obsidian bomb, Mojjo, Shoa. Analyst: C. S. 
Kitchen. Phenocrysts: No data. Reference: Rohleder and 
Kitchen, 1930, p. 281, No. 8.

57-68. Pantellerite obsidians, Gariboldi volcanic complex. 
Analysts: S. A. Malik, D. A. Bungard, J. M. C. Palmer, 
L. Porteous. Phenocrysts: 57 F, Q, P, A, AB; 58 F very 
scarce; 59 F(2.6), P(O.l), 0( <0.1), I0( <0.1); 60 none; 
61 F(6.7), P(0.4), 0(tr.), 10(0.5); 62 F(1.5), P(O.l), 
0(tr.), I0(tr.); 63 F(1.8), P(0.2), 10(0.1); 64 F(0.2), 
P(tr.); 65 none; 66 F(1.4), P(O.l), A(O.l); 67 F(l.O), 
P(tr.), 0(tr.); 68 F(4.1), Q(1.8), P(O.l), A(0.4), AB(O.l). 
Reference: Unpublished analyses of specimens collected by 
Dr. J. W. Cole and supplied to us by courtesy of Dr. I. L. 
Gibson (colln. G69, G77, G110, G320, G414, G417, G427, 
G429, G437, G444, G446, and G445, respectively).

69-79. Pantellerite obsidians, Chabbi volcano. 69,75,78, and 79  
east vent; 71, 72, and 74 hot cone; 73 and 77 main vent; 
76 north vent; 70 northeast vent. Analysts: R. Mac-

donald and S. A. Malik. Phenocrysts: None. Reference: 
Macdonald and Gibson, 1969, table, Nos. 1-8, 11-13.

Kenya

80. Phonolitic obsidian, Lake Nakuru. Analyst: G. T. Prior. 
Phenocrysts: F, P, 0 (all very scarce). Reference: Prior, 
1903, p. 245.

81. Soda rhyolite (pantellerite) obsidian, Eburru. Analyst: A. 
Willman (fluorine by E. S. Shepherd). Phenocrysts: None. 
Reference: Bowen, 1937, table 1, No. 7, colln. NLB 230.

82. Pantellerite obsidian (Plr3), east of Cedar Hill, Eburru. 
Analysts: S. A. Malik, D. A. Bungard, J. M. C. Palmer. 
Phenocrysts: F, P, A, AB. Reference: Dr. D. S. Suther 
land, unpub. analysis, colln. 43/3/S/12.

83. Pantellerite obsidian (Plr3), south of Cedar Hill, Eburru. 
Analysts: S. A. Malik, D. A. Bungard, J. M. C. Palmer. 
Phenocrysts: F(10.0), P(0.3), A(tr.), AB(O.l). Reference: 
Dr. D. S. Sutherland, unpub. analysis, colln. 43/3/S/36.

84. Pantellerite obsidian, block in agglomerate (Qvf), about 1 
mile east of Cedar Hill, Eburru. Analysts: S. A. Malik, 
D. A. Bungard, J. M. C. Palmer. Phenocrysts: F(3.7), 
P(tr.), A(tr.). Reference: Dr. D. S. Sutherland, unpub. 
analysis, colln. 43/3/S/44.

85. Pantellerite obsidian (Plri), Eburru-Gilgil road. Analyst: 
H. Lloyd. Phenocrysts: F, Q-F intergrowths, A, AB. 
Reference: Dr. D. S. Sutherland, unpub. analysis, colln. 
43/3/S/56.

86. Pantellerite obsidian, lens in pumiceous deposit, Kinangop 
escarpment. Analyst: M. Thind. Phenocrysts: P, very 
scarce. Reference: Dr. D. S. Sutherland, unpub. analysis, 
colln. 43/3/S/20.

87. Glassy soda-rhyelite (pantellerite), Lake Naivasha. Analyst: 
G. T. Prior. Phenocrysts: None. Reference: Prior, 1903, 
p. 246.

88. Pantellerite obsidian, south shore, Lake Naivasha. Analyst: 
I. S. E. Carmichael, J. Hampel. Phenocrysts: F(5.5), 
Q(0.7), P(0.3), A(0.3), AB(1.8). Reference: Nicholls and 
Carmichael, 1969, table 1, colln. 121-R. Analyses of feld 
spar, aenigmatite, amphibole, and residual glass calculated 
from mode given in same paper.

89. Pantellerite obsidian, band intercalated in pumice (Qvf), 
quarry, south of Masai Gorge, South Lake Road, 
Naivasha. Analyst: M. Thind. Phenocrysts: None. Refer 
ence: Dr. D. S. Sutherland, unpub. analysis, colln. 
43/3/S/2.

UNITED STATES

Nevada

90. Pantellerite glass separate, ash-flow sheet, Gold Flat Mem 
ber, Thirsty Canyon Tuff, Black Mountain volcanic cen 
ter, Nye County. Analysts: D. F. Powers and others. 
Reference: Noble, 1965, table 1, No. 1, lab. D100126.

Slightly revised trace element data for this(?) rock (lab. 
not specified) given by Noble and Haffty (1969, table 1, 
No. 6). In parts per million Be 5.6, Co <5, Cr 1, Cu 3, 
Ga 44, La 58, Mo 9, Nb 67, Ni 5, Pb 210, Sc 7, Sn 52, Sr 
1.5, Y 490, Yb 55.

NEW ZEALAND

Mayor Island

91. Glassy pantellerite, flow la, young dome. Analyst: K. Bose. 
Phenocrysts: F(9.2), P(0.2), A(0.5), I0(tr.). Reference: 
Ewart, Taylor, and Capp, 1968, table 4, No. 1, colln. 
P29537.
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Chlorine content computed from mode and analyzed 
chlorine content of glass. Analyses of pyroxene and aenig- 
matite given in same paper.

92. Pantellerite obsidian, Opo Bay. Analyst: K. Bose. Pheno- 
crysts: F(6.3), Q(1.5), P(O.l), A(0.2). Reference: Ewart, 
Taylor, and Capp, 1968, table 4, No. 2, colln. P29553.

Chlorine content computed from mode and analysed 
chlorine content of glass. Analysis of aenigmatite given in 
same paper.

93. Pantellerite obsidian, northwest of Tarewakoura. Analyst: 
K. Bose. Phenocrysts: F(3.3), P«0.1), A(<0.1). Ref 
erence: Ewart, Taylor, and Capp, 1968, table 4, No. 3, 
colln. P29543.

94. Pantellerite obsidian, Te Marawhero Point. Analyst: K. 
Bose. Phenocrysts: F(0.6), P«0.1), A«0.1). Reference: 
Ewart, Taylor, and Capp, 1968, table 4, No. 4, colln. 
P29560.

95. Pantellerite obsidian, Oira Bay. Analyst: K. Bose. Pheno 
crysts: F(0.6), P(tr.), A(tr.), I0(tr.). Reference: Ewart, 
Taylor, and Capp, 1968, table 4, No. 5, colln. P29532.

96. Glassy pantellerite, flow 2, young dome. Analyst: J. A. 
Ritchie. Phenocrysts: F(8.9), Q(3.7), P(<0.1), A(0.4). 
Reference: Ewart, Taylor, and Capp, 1968, table 4, No. 7, 
colln. 29117. Analysis of feldspar given in same paper.

97. 98. Pantellerite obsidian and separated (residual) glass, flow 3, 
young dome. Analyst: J. A. Ritchie. Phenocrysts: F(8.1), 
Q(2.0), P(0.3), A(0.2). Reference: Ewart, Taylor, and 
Capp, 1968, table 4, Nos. 8R and 8G, colln. P29118. 
Analysis of feldspar phenocrysts given in same paper.

99. Glassy pantellerite, north shore of Opo Bay. Analyst: E. E. 
Munson, J. Haffty. Phenocrysts: <1 percent total, mainly 
F. Reference: Noble, 1968, table 1, No. 4, lab. D100406. 

Sample collected in 1956 for R. L. Smith (who provided 
phenocryst data) and used in study of D/H ratios by Fried- 
man and Smith (1958). Probably same flow as analysis 94 
from Te Marawhero Point.

100. 101. Comendite obsidian and separated (residual) glass,
Omapu Bay. Analysts: I. S. E. Carmichael, J. Hampel.
Phenocrysts: F(3.5), Q(0.8), P(O.l), A(O.l). Reference:
Nicholls and Carmichael, 1969, table 1, colln. NZC-2R
and 2G. 

Published norm of 2R in error; the corrected norm is
given in table 3. 

102, 103. Comendite obsidian and separated (residual) glass,
young dome lavas, south side of island. Analysts: I. S. E.
Carmichael, J. Hampel. Phenocrysts: F(3.1), A(tr.).
Reference: Nicholls and Carmichael, 1969, table 1, colln.
NZC-7R and 7G. Analysis of feldspar given in same paper.

MEXICO

104. Pantellerite obsidian, Socorro Island. Analyst: H. B. Wiik. 
Phenocrysts: F, P, A, IO. Reference: Bryan, 1970, table 
13, No. 1, colln. S138. Analyses of feldspar, pyroxene and 
aenigmatite phenocrysts given in same paper.

COMENDITIC TRACHYTES
OCEANIC ISLANDS

Kerguelen, Indian Ocean

105. Obsidian trachyte, Baie de la Mouche, He de Cormorans. 
Analyst: F. Raoult. Phenocrysts: F, P. Reference: de la 
Rue, in Edwards, 1938, table 17, No. 2.

Pitcairn Island, Pacific Ocean

106. Trachyte obsidian, exact locality not given. Analyst: I. S. E. 
Carmichael. Phenocrysts: F(0.6), P(O.l), 0(tr.), I0(tr.). 
Reference: Carmichael, 1962, table 6, No. 6R, colln. 
12095.

AFRICA

Kenya
107. Glassy trachyte, block in agglomerate, northeast of Menen- 

gai. Analysts: S. A. Malik, D. A. Bungard, J. M. C. 
Palmer. Phenocrysts: F(about 10), P(0.3), 0(0.3), IO(0.2). 
Reference: Macdonald, Bailey, and Sutherland, 1970, 
table 1, colln. 43/l/S/6a. Highly vesicular specimen 
(38.6 percent pores, by volume), thought to be partially 
accumulitic.

PANTELLERITIC TRACHYTES

AFRICA

Kenya

108. Pantellerite trachyte, caldera floor, Menengai. Analyst: 
Mineral Resources Division (Overseas Geol. Survey). 
Phenocrysts: No data. Reference: McCall, 1967, table 2, 
analysis N, colln. 43/1192.

109. Pantelleritic trachyte obsidian, block in agglomerate, north 
east of Menengai. Analysts: S. A. Malik, D. A. Bungard, 
J. M. C. Palmer. Phenocrysts: F(l-3), AP. Reference: 
Macdonald, Bailey, and Sutherland, 1970, table 1, colln. 
43/1/S/5.

110. Pantelleritic trachyte obsidian, block in agglomerate, north 
east of Menengai. Analysts: S. A. Malik, D. A. Bungard, 
J. M. C. Palmer. Phenocrysts: F(l). Reference: Mac 
donald, Bailey, and Sutherland, 1970, table 1, colln. 
43/1/S/6.

111. Pantelleritic trachyte obsidian, lava exposed in caldera wall 
below Valley Farm, west side of Menengai. Analysts: 
S. A. Malik, D. A. Bungard, J. M. C. Palmer. Phenocrysts: 
F, scarce. Reference: Macdonald, Bailey, and Sutherland, 
1970, table 1, colln. 43/1/S/ll.

112. Pantelleritic trachyte obsidian, crater rim, Longonot vol 
cano. Analysts: S. A. Malik, D. A. Bungard, L. Porteous. 
Phenocrysts: F(0.5), P(0.4). Reference: Macdonald and 
Bailey, unpub. analysis, colln. LON 1.

113. Trachyte obsidian, 01 Doinyo Nyegi volcano. Analysts: S. A. 
Malik, D. A. Bungard, L. Porteous. Phenocrysts: F, P, 
O, IO. Reference: Unpublished analysis of specimen col 
lected by Dr. L. A. J. Williams (colln. W486).



N26 DATA OF GEOCHEMISTRY

TABLE 2. Chemical analyses and norms of comenditic obsidians
[Details of the specimens are given on p. N22. Data in weight percent except for ratios and indices. Tr. indicates trace]

SiO*.    .             
AhO«     ---        ...
Fe»O»- _________ _ - -
FeO---           
MgO           -   .
CaO  -. _ -. _ ------ _ .
Na.O _ -_   ...   ......

TTjO  
H.O+--     ....   ......
TiOt        . __   ...
ZrO* __     __ .........
COi----- ___ --.-    
P,0s      ... ... ..... ...
S. _ ...... __ -..---   .
MnO --     --       
CL __   -----   -   .-
F ..  ..     .  ...   ...

Subtotal - __ .--___
O=(F,Cl)i ___ ............

Total.. ..............

Agpaitic index 1 ..._._----- _
FeasFeO*. __________
FeO/(FeO+FeiO») *_...._._.
Na.O/K,O*-_-   __ ......
Molecular:

SiOt~     -      
AliOj
NaiO+KiO..      ..
100 Na.O/(NajO+KzO)

Q  ... ..          .

ab...    ...... ..... .....

di:
WO  __________________
en
fs

hy:
en   .- __ _ _ __ _ _
fs.... ___ ..............

mt ________________
il- ___ . ___ . __ .......
ap.     .......    .... ....
Z_ ___ _________ .....
CaFi   ... ...... ..... ... .
NaCl-- __ . _   . _ ---
NaF  ..... ...... _ ......

Other- ______ ------
2 fenaics «____.. _ .........

1

. 75.31
- 10.43
.. 3.22

.80

.10

.13
. 3.99
. 4.65

.38

.51

.21

.18

.03

.09

.05

.18

. 100.26
.09

. 100.17

. 1.11

. 3.70
.20
.86

. 85.4
6.9

. 7.7
56.6

. 36.5

. 27.5
- 27.6
. 3.4

.3

. 2.1
.5
.1
.3
.1
.1
.3

(*)
. 7.1

2

74.70
11.97

.83
  2.13
Tr.

.54
5.12
4.51

.38

.21

.14

100.53

100.53

1.12
2.88

.72
1.14

83.4
7.8
8.8

63.4

28.2
26.7
36.7
2.3

.9

1.2

1.3

2.6

.4

8.7

3

v

73.80
12.10

.82
1.56

.22

.84
5.10
4.95

.09

.22

.22

.08

.01

.19

.06

100.26
.07

100.19

1.13
2.30

.66
1.03

82.9
8.0
9.1

60.7

27.0
29.5
34.6
2.3
1.1

1.3
.2

1.2

.3
1.3

.5

.2

.2

.3

8.6

4

75.55
12.31

.69
- 1.17

.04

.23
4.55
4.69

None
.15

.01

.01

.04

.21

.28

100.06
.16

99.90

1.02
1.79

.63

.97

83.6
8.1
8.2

59.3

32.7
27.8
35.1

.1
1.3

.9

.3

.3

.4

.3

(4)
2.9

567

Chemical analyses

75.03 73.96 72.9
11.10 11.40 12.33

1.31 1.65 1.30
1.84 1.95 2.14

None .03 .02
None None . 50

5.09 5.41 5.66
4.56 4.36 4.56

.01 .02 ------

.08 .13 .05

.19 .17 .24
____ ...... .18

Tr. Tr. .04
.01 .01 .. --
.06 .05 .13
.27 .41 .26
.42 .68 .22

99.97 100.23 100.53
.24 .38 .15

99.73 99.85 100.38

1.19 1.19 1.15
3.02 3.44 3.31

.58 .54 .62
1.12 1.24 1.24

83.9 83.4 82.3
7.3 7.6 8.2
8.8 9.0 9.5

63.1 65.4 65.5

CIPW norms

32.5 33.1 24.9
27.2 26.1 26.7
31.4 33.5 38.3
3.7 _ ... 3.7

__ .. ____ .8

____ ____ .2
____ __ , .1
----- ...... .2

__ . .1 __  
2.9 2.0 3.6
___ 2.3

.5 .3 .5
____ ..--.. .1
____ . _ .- .3
...... ------ .5

.5 .7 .4

.8 1.4 ......

7.1 4.7 9.7

8

74.2
10.84
1.23
1.86

- .02
.30

5.17
4.53

.09

.30

.20

.01

.06

.18

.30

99.29
.17

99.12

1.24
2.97

.60
1.14

83.9
7.2
8.9

63.4

31.9
26.7
30.4
3.7
1.5

.1
3.2

.4

.4

.3

.3

9.3

9

75.33
12.29

.59
1.09

.00

.48
4.29
4.98

.04

.09

.10

.04

.00
.00

.04

.19

.34

99.89
.18

99.71

1.01
1.62

.65

.86

83.8
8.1
8.1

56.6

31.4
29.5
35.1

1.5
.9
.2

.7

.3

(5)
3.3

10

75.25
11.99

.90
1.25

.02

.27
4.79
4.67

.05

.15

.13

.09

.08

.18

.25

100.07
.14

99.93

1.08
2.06

.58
1.03

83.6
7.9
8.5

60.6

30.4
27.8
35.6
2.4

.1
2.1

.2

.2

.3

.3

.2

5.4

11

73.98
11.28
1.71
1.80

.02

.24
5.33
4.55

.02

.16

.22

.14

.02

.01

.17

.13

.17

99.95
.10

99.85

1.21
3.34

.51
1.17

83.4
7.5
9.1

64.2

29.2
27.2
32.5
5.1
1.3

.1
3.2

.5

.2

.3

.2

10.5

12

73.84
11.80
1.01
2.07

.03

.29
5.40
4.50

.01

.17

.22

.01

.01

.17

.11

.16

99.80
.10

99.70

1.16
2.98

.67
1.20

83.0
7.9
9.1

64.4

28.0
26.7
35.6
2.8
1.6

.1

.1

.1
3.6

.5

.3

.2

Tr.

9.1

13

73.69
11.28
1.83
1.74

.01

.21
5.35
4.53

.01

.43

.22

.01

.17

.11

.17

99.76
.10

99.66

1.22
3.39

.49
1.18

83.3
7.6
9.1

64.2

28.9
26.7
33.0
5.1
1.5

3.0

.5

.3

.2

10.4

14

75.37
11.95

.84

.99

.00

.33
4.43
4.82

.04

.45

.11

.02

.07

.18

.25

99.85
.15

99.70

1.04
1.75

.54

.92

84.0
7.8
8.2

58.2

31.7
28.4
34.6
1.4

1.5
.5
.2

Tr.

.5

.3

4.1

15

75.29
12.12

.88

.99

.01

.33
4.42
4.88

.04

.36

.11

.01

.07

.18

.24

99.93
.14

99.79

1.03
1.78

.53

.91

83.8,
8.0
8.2

57.7

31.4
28.9
35.1

.9

1.3
.8

Tr.

.5

.3

3.7

See footnotes at end of table.



CHEMISTRY OF PERALKALINE OVERSATURATED OBSIDIANS 

TABLE 2. Chemical analyses and norms of comenditic obsidians Continued

N27

16 17 18 19 20 21 22 23 24 25 26 27 28 29

Chemical analyses  Continued

SiOz ____ . _____ ---   .--.
AUG. __  .     .- .   .
FeiOj                   .
FeO _____ .. _______ .......
MgO  . ___ . _____ -------_..
CaO ___________________ .
NaiO _____ -  ._.-...-...
KiO ____ -- ---.----.. _ ....
HiO- __ _ . ___ . ___ ......
HsO+.-  ...       .._....
TiOz   - _- .--     .-.
ZrO* _________ ._............
C0» _______ . ______ ........
PsO, ___ -..-_ - ............
S. ______ .. __ . ____ ......
MnO _________________ .
Cl ___ . _ . _____ . ___ ......
F _______ ....... _ .........

Subtotal ___________ .
0=(F.Cl)t        -.. -...

Total _____________ .

Agpaitic index 1... _ __ --.-.....
FeasFeO* _______ _ .. ...
FeO/(FeO+Fe»Oi) *--.   ..-.   .
NaiO/KiO*.. _______ . ___ .
Molecular:

SiO»..._.._ _ ..... __ .....
AliO....... ___ . _ ........
NaiO+KjO. __ .............
100NaiO/(NaiO+KiO).. ...

..... 71.52

..... 13.35
74

..... 2.72

. __ .05

..... 1.12

.. _ 5.97

. __ 3.49

. __ .05

..... .42

..... .26

.  . .02

. __ .11

..... 99.82

..... 99.82

.... 1.01
__ 3.39
,-..- .79
.... 1.71

. __ 81.9
9.0

. __ 9.1

..... 72.1

74.3
12.01

.88
1.46

.00

.32
5.36
4.58

.22
.23
.15

.00

.08

.17

.34

100.10
1 Q

99.92

1.15
2.25

.62
1.17

83.0
7.9
9.1

63.7

75.8 73.6
12.14 12.04

.80 1.26

.94 1.87

.01 .05

.30 .38
5.22 5.74
4.48 4.51

.14 .18

.12 .00

.09 .20

.00 .01

.06 .07

.25 .19

.29 .26

100.64 100.36
1 Q IK

100.46 100.21

1.10 1.20
1.66 3.00

.54 .60
1.16 1.27

83.4 82.6
7.9 7.9
8.7 9.5

63.7 66.0

71.4 69.47
12.40 12.84
1.22 1.41
2.14 3.70

.03 .17

.47 .71
5.90 5.66
4.70 4.83

------ .04 .
.20 .35
.23 .29
f O

.. __ .12 .
.03 .03

...... .01 .
.13 .13
.26 .28
9Q

99.52 100.04
1 £ A£

99.36 99.98

1.19 1.13
3.24 4.97

.64 .72
1.26 1.17

81.6 81.2
8.4 8.8

10.0 10.0
65.5 64.1

69.5 70.2
13.25 12.55
1.05 1.14
3.21 3.10

.02 .02

.88 .77
5.87 5.72
4.93 4.82

.13 .25

.32 .31
9I\ 91

.03 .03

.12 .11

.25 .31

.16 .18

99.92 99.72
.12 .15

99.80 99.57

1.13 1.16
4.16 4.13

.75 .73
1.19 1.19

80.7 81.4
9.1 8.6

10.2 10.0
64.6 64.3

74.22
12.25

.40
2.52
Tr.

.98
5.21
3.82

.16

.67

.09

Tr.

.06

.05

100.43
.01

100.42

1.04
2.88

.86
1.36

83.4
8.1
8.5

67.2

72.6
12.78

.88
2.02

.01

.69
5.77
3.84

.31

.20

.14

.02

.08

.21

.19

99.74
.13

99.61

1.07
2.81

.70
1.50

82.4
8.5
9.1

69.4

72.3
13.18

.82
2.25

.01

.84
5.83
3.78

.22

.21

.11

.01

.08

.20

.18

100.02
.12

99.90

1.04
2.99

.73
1.54

82.1
8.8
9.1

70.1

72.7
12.87

.86
2.06

.01

.62
5.76
3.89

.27

.20

.14

.01

.07

.20

.18

99.84
.12

99.72

1.06
2.83

.71
1.48

82.3
8.6
9.1

69.4

69.80
14.90
1.17
1.98

.20

.59
6.15
4.50

.08

.26

.30

.06

.03

.10

100.12

100.12

1.01
3.03

.63
1.37

79.9
10.0
10.1
67.3

69.60
14.60

.84
2.10

.20

.48
6.25
4.50

.11

.52

.29

.07

.04

.10

99.70

99.70

1.04
2.86

.71
1.39

79.9
9.9

10.3
67.8

CEPW norms   Continued

Q  _____ ... ___ ....... _ .

ab_. ______ . ___ . ___ .....
ac... ..-_.-...... _ ..... .......

di:
wo. __ _____ _ . _ __ .
en.     ..   _ ._...._.._.
fa

fay. -                -

en ___ ..... _ _ ___ .. ...
fa..... _ ... _____ .--.-...

mt __________________ .
il ______ -.--.-_..............
ap....   ...        ...   ....
Z ----_-- -------_. ....
CaFz_.___________. ____   ..   ._
NaCl _____ . _ ...............
NaF....... __ ...... _ ...... .
cc._. _______ _ .. _ ___ ..
Other __ .. _________ _ .
Zfemics* __ _ ___ ___ _ ....

..... 20.3

. __ 20.6
__ 49.3

1 4

.... 2.3
__ .1
.... 2.5

.... 2.0
__ .3
---. .6

9.2

28.9
27.2
36.2
2.8

.7

2.5

.3

.5

.2

.3

6.8

31.0 27.0
26.7 26.7
37.2 36.7
2.3 3.7

.1 1.3

...... .1
1.7 3.2

.2 .5

.4 .6

.5 .4

.3 ......

4.7 9.4

22.7 17.9
27.8 28.4
37.7 39.3
3.7 4.2
1.5 .4

.2 1.0

.1 .1

.1 1.1

____ .4
3.7 5.5

.5 .5
----- .1 .

.3 __ ..

.5 ......

.4 .5

.----. .3 .

10.3 13.6

17.1 20.5
28.9 28.4
40.9 37.7
3.2 3.2

9 11

1.4 1.1
.1 .1

1.5 1.2

4.2 4.2

.6 .6

.3 .3

.3 .4

.4 .5

12.2 11.8

27.1
22.5
41.7
1.2

2.0

2.3

2.3

.1

8.2

24.1
22.8
44.0
2.5

.1

.8
_--*t-.

.9

2.6

.4

.2

.4

.4

7.7

23.0
22.2
46.6

.9

1.2

1.3

2.2
.7
.4

.2

.4

.4

7.1

24.1
22.8
44.5
2.3

.8

.9

2.6
*

.5

.2

.4

.4

7.5

15.0
26.6
51.6

.4

1.0
.2
.9

.3
1.6
1.5

.6

.1

.1

6.6

14.4
26.6
50.0
2.4

.7

.1

.7

.4
2.9

.6

.1

.2

8.0

i Molecular (NajO+KjO)/AljO».
* By weight.
* Normative hematite, 0.6 percent. 
4 Normative corundum, 0.4 percent.
* Normative corumdum, 0.1 percent.
* Sum of normative femic constituents, as denned by Washington (1917).



N28 DATA OF GEOCHEMISTRY

TABLE 3. Chemical analyses and norms of pantelleritic obsidians and separated glasses
[Details of the specimens are given on p. N23. Asterisk indicates residual glass separated from the whole rock sample having the preceding number. Tr. indicates trace.

Data in weight percent except for ratios and indices]

130 131 132 33 *34 35 *36 37 *38 39 *40 41 42 43 44

Chemical analyses

SiO 2_. _ .... ____ ........
A1203.. ----................
FezOs.. ----------- _ ... ...
FeO-..- _ -... ............
MgO  --------.   .......
CaO-.---... ................
Na»0..-    ----.---. ------
K 2O-_ __ .- _____ .... ...
H 20---.._ .................
H 20+._ ...................
TiOj..-    -   -----_...___.
ZrOs
C02----.. ..................
PaOs  ----   -----   ...
SO,... ............. .........
s...........................
MnO.-.--- _____ ... _ ..
Cl
F- .................

Subtotal. .... . ....
0=(F,Cl) 2 _--_--_. _________

Total.--..... _ ...-.

Agpaitic index 4 . .... ......
Feas FeO 6. . . . ..
FeO/(FeO+Fe20 3) ..........
Na20/K20 6.----.----.......
Molecular:

SiOj.. ..................
A12O 3
Na20+K20----_ .----..
100 Na2O/(Na2O+K2O)

. 69.81
8.59
2.28
5.76

.10

.42
6.46

- 4.49
.05
.14
.45
.25

.13

.06

.28

.76

.30

. 100.33
.30

. 100.03

1.81
7.81

.72
1.44

. 83.1
6.0

. 10.9
68.4

69.56
11.27
1.87
4.18

.23

.44
6.28
4.60

.02

.13

.47

.12

.10

.06

.28

.37

.19

100.17
.16

100.01

1.35
5.86

.69
1.37

81.6
7.8

10.6
67.3

70.07
8.40
2.29
5.62

.05

.42
6.50
4.47

.03

.08

.44

.31

.11

.02

.29

.79

.32

100.21
.31

99.90

1.85
7.68

.71
1.45

83.3
5.9

10.9
69.1

67.5
12.0
1.8
4.0

.13

.50
6.9
5.2

.02

.38

.49

.22

.04

.21

.62

100.01
.14

99.87

1.41
5.62

.69
1.33

79.8
8.4

11.8
66.9

69.9
8.8
2.1
5.9

.13

.52
6.5
4.7

Nil
.04
.54
.20

.04

.30

.70

100.37
.16

100.21

1.80
7.79

.74
1.38

82.8
6.2

11.0
67.7

68.6 70.1
9.2 7.6
2.7 2.9
5.3 5.6

.11 .04

.54 .53
6.8 7.1
4.6 4.6

.03 .04

.32 .23

.46 .41

.24 .28

.04 .05

.31 .34

.56 .69

99.81 100.51
.13 .16

99.68 100.35

1 . 77 2.19
7.73 8.21

.66 .66
1.48 1.54

82.1 83.0
6.5 5.3

11.4 11.7
69.2 70.1

69.7
9.1
2.2
4.9

.07

.39
6.9
4.8

.01

.33

.38
.30

.04

.26

.72

100.10
.16

99.94

1.82
6.88

.69
1.44

82.2
6.3

11.5
68.5

70.5
7.6
2.0
6.3

.03

.39
7.0
4.6
Nil

.05

.35

.27

.04

.32

.82

100.27
.18

100.09

2.16
8.10

.76
1.52

83.2
5.3

11.5
69.8

69.2
10.9
2.0
4.0

.24

.44
6.5
4.9

.02

.22
.52
.21

.04

.29

.30

99.78
.07

99.71

1.47
5.80

.67
1.33

81.4
7.5

11.1
66.9

69.8
10.7
2.0
4.0

.23

.43
6.5
4.8

.01

.17

.52

.20

.05

.30

.31

100.02
.07

99.95

1.49
5.80

.67
1.35

81.6
7.4

11.0
67.3

68.00
8.73
5.60
3.19

.38

.60
6.74
4.82

.06

.35

.13

.19

98.79

298.79

1.86
8.24

.36
1.40

82.1
6.2

11.6
68.1

67.75
8.80
4.75
3.69

.45

.56
6.74
4.46

.00

.48

.21

.21

98.10

'98.10

1.81
7.97

.44
1.51

82.3
6.3

11.3
69.9

69.40 68.60
8.66 10.64
2.75 2.88
5.38 3.59

.15 .45

.84 .49
6.34 6.36
4.34 4.80

----- .25
.44 1.18
.37 .65

.05 .05

.33 .27
----- .35
____ .20

99.05 100.76
___ .16

99.05 100.60

1.74 1.48
7.86 6.18

.66 .55
1.46 1.33

83.2 81.6
6.1 7.4

10.7 11.0
68.9 66.9

CIPW norms

Q-  ........ ..............

ab.... ...................
ac. .... ... _....
ns. ._
di:

WO.. _ ._----_..._
en-------....----- . . .
fs

hy:
en.-.. .. .... ._ .
fS   ------------------

il ___________ _ .........

zp......._ ..................
NaCl... ____________ -
NaF
cc
S femics 6 . . _ .

. 28.7

. 26.7

. 18.9

. 6.5

. 4.9

.3
. 10.4

.8

.3

.4
.4

. 1.3
.3

. 23.6

21.5
27.2
32.5
5.5
2.7

.2

.1

.1

.6
7.3

.9

.2

.2
.3
.6

17.9

29.8
26.1
18.3
6.5
5.1

.1
10.1

.8

.3

.5

.4
1.3

.3

23.3

16.6
30.6
33.0

5.1
3.5

.9
.1

1.0

.3
6.0

.9

.1

.4

.9

17.9'"

27.5
27.8
18.9
6.0
5.6

.9
.1

1.0

.3
9.4

1.1
.1
.4

1.2

24.5

24.2 29.6
27.2 27.2
21.5 13.6
7.8 8.3
5.4 7.4

1.0 1.0
.1 Tr.

1.2 1.1

.2 .1
8.4 9.2

.9 .8

.1 .1

.4 .4

.9 1.2

25.1 28.0

26.7
28.4
19.9
6.5
6.0

.7

.1

.7

.2
8.1

.8

.1

.4

1.2

23.2

30.8
27.2
13.6
6.0
7.7

.7

.1

.7

.1
10.9

.8

.1

.4

1.3

27.1

21.4
28.9
28.8

6.0
4.0

.8

.1

.8

.5
6.3

.9

.1

.4

.5

19.5

22.6
28.4
28.3

6.0
4.2

.8

.1

.9

.5
6.2

.9

.1

.4

.5

19.7

22.6
28.4
18.3
16.2
4.8

.9

.2

.9

.8
4.8

.6

.3

29.5

23.2
26.1
20.4
13.9
4.9

.6

.1

.6

1.0
5.7

.9

.5

28.2

26.3 21.5
25.6 28.4
20.4 27.8
7.9 8.3
5.6 3.3

1.6 .3
.1 .1

1.7 .3

.3 1.0
8.2 5.8

.7 1.2

.1 .1

____ .4
----- .6

26.2 20.8

See footnotes at end of table.



CHEMISTRY OF PERALKALINE OVERSATURATED OBSIDIANS N29

TABLE 3. Chemical analyses and norms of pantelleritic obsidians and separated glasses Continued

45 46 47 48 49 50 51 52 53 54 55 56 57 58 59

Chemical analyses  Continued

SiO^.. .....................
AhOi..   .._       - ...
FezOs ____________ __
FeO. __ ...................
MgO  ...... ..............
CaO.-----._ ..............
Na2O._... ....... ..........
KtO. ......................
H2O ......................
HiO+.. ...................
Ti02  ....................
ZTOt... ....................
CO2 __ ...................
P20j  ....................
SOa  .....................
S........... _ . .
MnO... _..................
Cl.. .......................
F.  ......................

Subtotal. __ . .......
O  (F,C1) 2._ ...............

Total.. ..............

Agpaitic index 4._-__------..
Fe as FeO '.___. ____________
FeOAFeO+FezOs) *..........
NajO/K*O «__ ..............
Molecular:

SiOj--------.. ---.----_
Alrf)i_. .................
Na2O+K2O __ .........
100 Na2O/(Na2O+K2O)

. 68.00

. 11.34

. 3.16

. 2.42
.45
.53

. 7.76

. 4.72
.00
.56
.65

.06

.21

.51

.20

. 100.57
.20

. 100.37

. 1.58

. 5.27
.43

1.64

. 79.8
7.8

. 12.3
71.4

73.34
10.41
3.57
1.60

.10

.20
4.68
4.82

.18

.41

.23

.24

.00

.12

.07

.26

100.23
.13

100.10

1.25
4.82

.31

.97

84.2
7.0
8.8

59.8

72.24
9.68
1.10
4.24

.12
1.16
5.72
4.37

.14

.30

.41

.21

.26

.17

.18

100.30
.04

100.26

1.45
5.24

.79
1.31

83.8
6.6
9.6

66.7

65.78 71.82 70.88 72.82
12.45 8.65 10.59 10.30
2.65 1.53 1.42 .44
3.61 5.55 4.41 2.99

.96 Tr. .36 .22
1.64 .70 .48 1.48
6.64 6.26 6.21 6.69
4.82 4.28 4.75 4.67

.17 .08 .07 .04

.04 .44 .16 .10
1.07 .64 .53 .30

.07 ____ .05 . __ .

.25 .11 .03
.13 ------ .18 .30

.- __ ...... .17 .11

100.03 100.20 100.37 100.49
.03 ------ .11 .11

100.00 100.20 100.26 100.38

1.30 1.72 1.44 1.56
6.00 6.93 5.69 3.39

.58 .78 .76 .87
1.38 1.46 1.31 1.43

79.6 83.8 82.2 82.4
8.9 6.0 7.3 6.9

11.5 10.2 10.5 10.7
67.7 69.2 66.7 68.4

71.30
7.42
1.96
6.79

.00

.60
6.63
4.26

.03

.19

.61

.00

.36

100.15

100.15

2.08
8.56

.78
1.56

84.0
5.2

10.8
70.4

70.52
9.30
1.38
5.72

.00
1.92
5.98
4.01

.14

.18

.60

.06

.24

100.05

100.05

1.53
6.96

.81
1.49

83.6
6.5
9.9

69.1

69.06
6.30
4.98
6.26

.27

.94
7.37
3.39
Tr.

.47

.61

.07
.47

.17

.06

100.42
.01

100.41

2.50
10.75

.56
2.17

84.1
4.5

11.3
76.8

70.99
9.18
3.15
4.67

.19

.71
6.07
4.24

.02
.22
.38

.28

.25

100.35

100.35

1.59
7.51

.60
1.43

83.5
6.4

10.1
68.5

71.63
11.31
2.41
3.56

.02

.41
5.61
4.56

.25

.36

.07

.20

100.39

100.39

1.25
5.73

.60
1.23

82.7
7.7
9.6

65.5

72.8
7.57
2.54
4.96

.02

.26
7.20
4.22

.06

.02

.21

.03

.27

.25

.34

100.75
.20

100.55

2.18
7.25

.66
1.71

83.8
5.1

11.1
72.0

71.7
7.94
2.33
4.98

.03

.36
6.64
4.34

.17

.26

.17

.03

.26

.20

.26

99.67
.15

99.52

1.96
7.08

.68
1.53

83.8
5.5

10.7
69.9

69.9
9.70
1.86
5.58

.05

.62
6.32
4.55

.13

.57

.13

.04

.28

.16

.20

100.09
.12

99.97

1.58
7.26

.75
1.39

82.6
6.7

10.7
68.0

CIPW norms   Continued

Q......... .................

ab... ........ ..............
ac... .......... . ...
ns_____ .... ... _ ......
di:

WO ____ -....._.-_.__-_.
en......... ...........
fa.......... ......... ..

hy:
en..... _ ...... .. ..
fs...... ................

il......... .................

Z .............. . . .....
CaF2_._._.__ _ ............
NaCl __ _____________
NaF _ ....................

Sfemics 6...

. 18.5

. 27.8

. 32.0

. 9.3

. 4.5

.4

.1

.3

. 1.0

. 3.5

. 1.2
.1

.4

.8

. 20.8

30.1
28.4
26.7
9.7

.3
2.6

.2

.5

.4

.3

.1

13.6

29.9
26.1
25.2
3.2
4.0

1.7
.1

1.8

.2
5.5

.8

.3

.3

.6
17.9

11.4 30.6 25.1 28.6
28.4 25.6 28.4 27.8
37.2 20.4 27.8 26.7
7.9 4.2 4.2 1.4
2.1 6.5 4.4 6.1

3.2 1.4 .2 2.8
1.1 ...--- .1 .3
2.2 1.6 .2 2.8

1.3 ... _ .9 .2
2.7 8.2 7.1 2.4

2.0 1.2 1.1 .6
.2 ____ ____ _ ...

____ ____ .4 .2
.2 ____ .3 .5

22.7 23.1 18.6 16.8

31.7
25.6
14.2
6.0
8.2

1.3

1.5

10.5

1.2

28.7

26.7
23.4
25.7
4.2
4.9

3.9

4.5

5.3

1.2

24.0

29.5
20.0
13.6
14.3
7.4

1.8
.1

1.9

.6
8.8

1.2
.2

.1

36.3

27.2
25.0
23.6
9.2
4.0

.7

.1

.7

.4
7.8

.8

.7

24.4

24.0
27.2
32.5
6.9
1.6

.6

.1

.7

.1
5.7

.8

.2

16.6

34.2
25.0
15.2
7.4
7.7

.1
9.3

.4
Tr.

.4
.4
.4

25.3

32.3
25.6
16.8
6.5
7.0

.1
9.4

.5

.1

.2

.5

.4

.1

24.1

25.4
26.7
24.6
5.3
5.3

.6

.1

.6

.1
9.3

1.1
.1
.2
.4
.3

22.9

See footnotes at end of table.



N30 DATA OF GEOCHEMISTRY

TABLE 3. Chemical analyses and norms of pantelleritic obsidians and separated glasses Continued

60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

Chemical analyses  Continued

SiOj_. ......................
AhOa __ .-_.._.._...........
Fe*0i           . _
FeO __ -.--.............._.
MgO_  ---    _____. 
CaO. .......................
N&tO. ......................
K^O. .......................
HzO-  ....-.-..--   _....
HSO+. .....................
TiOt... .....................
ZrOt.. .................. ....
COt... .....................
P.05.___ ....................
SOi..   -........._........s... ........................
MnO._ .....................
Cl.----------.-   ..........
F ___ . ............

Subtotal.. ___ _ .
O=(F,Cl)_-.__ -_-   ___...__

Total.. ...............

Agpaitic index 4 _ ........
FeasFeO 6. ...- ... _ -
FeO/(FeO+Fe2O 3) «.____.____
NasO/KsO ^.. ...............
Molecular:

SiO_.__ _ -.-_._........
Al2Oi_. .................
NazO+KsO.. ...........
100 Na_O/(Na*O+K_O)__

71.7
7.86
2.76
4.69

.02

.26
7.07
4.21

.07

.00

.24

.03

.26

.21

.26

99.64
.16

99.48

2.07
7.18

.63
1.68

83.5
5.4

11.1
71.7

70.1
10.00
2.31
4.63

.10

.60
6.19
4.55

.14

.50

.16

.04

.27

.19

.21

99.99
.13

99.86

1.51
6.71

.67
1.36

82.6
6.9

10.5
67.6

71.0
8.81
2.28
5.40

.04

.36
6.68
4.41

.16

.00

.51

.04

.29

.19

.24

100.41
.14

100.27

1.80
7.45

.73
1.51

83.1
6.0

10.9
69.7

70.5
8.76
2.21
5.37

.04

.40
6.44
4.52

.20

.50

.15

.03

.29

.20

.23

99.84
.14

99.70

1.77
7.36

.71
1.42

83.1
6.1

10.8
68.4

70.4 71.2 70.9
8.70 8.95 7.86
3.24 2.26 2.53
4.68 5.05 5.82

.02 .02 .03

.41 .41 .40
6.43 6.49 6.94
4.47 4.52 4.24

____ ----- .08 .
.14 .15 .04
.52 .45 .41
.13 .14 -    

.03 .02 .05

.29 .26 .29

.20 .20 .28

.22 .22 .30

99.88 100.34 100.17
.14 .14 .19

99.74 100.20 99.98

1.78 1.74 2.04
7.60 7.09 8.10

.59 .69 .70
1.44 1.44 1.64

83.2 83.1 83.5
6.0 6.2 5.4

10.8 10.7 11.1
68.9 68.6 71.3

69.3
9.88
1.99
5.50

.07

.67
6.32
4.54

.14

.57
.13

.04

.29

.15

.18

99.77
.12

99.68

1.55
7.29

.73
1.39

82.4
6.9

10.7
68.0

72.3
7.74
2.61
4.92

.02

.24
7.08
4.16

.03

.10

.22

.03

.27

.23

.29

100.24
.17

100.07

2.08
7.27

.65
1.70

83.7
5.3

11.0
72.2

74.4
9.42
1.77
2.88

.16

.20
5.33
4.29

.47

.35

.25

.22

.16

.25

100.15
.15

100.00

1.43
4.47

.62
1.24

84.7
6.3
9.0

65.2

74.4
9.41
1.65
2.90

.13

.24
5.49
4.39

.41

.27

.25

.21

.16

.25

100.16
.15

100.01

1.48
4.39

.64
1.25

84.4
6.3
9.3

65.4

74.2
9.40
1.74
2.90

.15

.21
5.23
4.26

.40

.27

.25

.21

.16

.24

99.62
.14

99.48

1.40
4.47

.63
1.23

84.8
6.3
8.9

65.1

74.3
9.35
1.28
3.34

.20

.20
5.66
4.44

.32

.26

.25

.22

.17

.25

100.24
.15

100.09

1.50
4.49

.72
1.27

84.3
6.3
9.4

65.9

74.3 74.3
9.44 9.48
1.61 1.79
2.82 2.90

.12 .16

.28 .18
5.29 5.52
4.39 4.48

.36 .31

.27 .27

.25 .25

.21 .20

.16 .16

.23 .23

99.73 100.23
.14 .14

99.59 100.09

1.43 1.47
4.27 4.51

.64 .62
1.21 1.23

84.7 84.3
6.3 6.3
9.0 9.4

64.4 65.0

CIPW norms  Continued

Q

ab  .---   --.-..........
ac.-... ._ ...... ........
ns_______ ......
di:

wo_. _ _. _____....._
en.......... .........
fs..... .................

hy:
en. ...... ........ ....
fs-_... .................

il------_-._ ..-_--...
ap            .........
Z. ....... ... .............. .
CaFi.... ....................
NaCl.--..-.-.. .............
NaF...   -.   .... ...---...
CC---- _ -- -------...._.._
2femics«__-_ . _____

32.2
25.0
16.8
7.9
7.3

.1
8.7

.5
Tr.

.4

.4

.2

24.9

25.1
26.7
26.2
6.5
4.1

.5

.1

.5

.2
7.7

.9

.1

.2

.4

.3

21.0

29.1
26.1
20.4
6.5
6.2

.1
9.6

1.0
.1

.4

.3

.1

23.9

28.6
26.7
19.9
6.5
6.0

.1

.1

.1

.1
9.6

.9

.2

.5

.4

23.9

28.3 29.0 30.9
26.1 26.7 25.0
19.9 21.0 16.8
9.7 6.5 7.4
5.1 5.9 7.1

.1 .1

.1 .1 ......

.1 .1 ------

____ ___ .1
8.2 8.9 10.6

1.0 .9 .8
___ ... _ .1

.2 .2 ......

.5 .5 .5

.4 .4 .5
----- ------ .2 .

24.8 23.0 26.6

23.9
26.7
25.7

6.0
4.6

.8

.1

.8

.2
9.0

1.1
.1
.2
.4
.2

23.1

33.2
24.5
16.8
7.4
7.2

.1
9.2

.4
Tr.

.3

.4

.3

24.6

34.3
25.6
24.1

5.1
3.3

.4
5.1

.6

.4

.3

.3

14.8

34.1
26.1
23.6

5.1
3.8

.3
5.1

.6

.4

.3

.3

15.2

34.1
25.6
24.1

5.1
3.1

.4
5.1

.6

.4

.3

.3

14.6

33.9
26.1
23.6
3.7
4.4

.5
5.9

.6

.4

.3

.3

15.4

34.4 33.5
26.1 26.7
23.6 23.6
4.6 5.1
3.4 3.8

.3 .4
5.0 5.1

.6 .6

.4 .4

.4 .3

.3 .3

14.3 15.3

See footnotes at end of table.



CHEMISTRY OF PERALKALINE OVERSATURATED OBSIDIANS N31

TABLE 3. Chemical analyses and norms of pantelleritic obsidians and separated glasses Continued

SiOs.. ------ ............
AUOa.. ---------------
Fe,0a   -      ------
FeO.. . --------------
MgO-   ----------------
CaO._ -------------------
Na«O-.   -------- -
KS0-.       .... .... ...
HjO-  --------------

TiCh--_ ...............   .
ZrOj--   --     -  
COj __ ..................
PjOs  ... ...... .... ......
SO.   .... -  ----  
s.. .......................
MnO--_- ----------------
Cl... .................... .
F. _ . ________ . ___ ..

Subtotal ____ . .....
O=(F,Cl)s  .. _ --------

Total.. ___ .......

Agpaitic index *___.________
Peas FeO s _ _ ------- .
FeO/(FeO+FejO»)   ___ -.
NajO/KjO '-- ----  
Molecular:

SiOs--         --
AljOj
NajO+KjO-   -----
100 NajO/(Na*O+KjO)

ab    ... ... ... .... .... ..
ac
ns___ ...----..-.-__.......
di:

fs ___ . _ . _ . .......
hy:

en... ---...-.-...._...
fS     -          _   

mt _____ . ...............
il-.--. ------.....-........
ap      ---   _    
Z ___ .   ..............
CaFi.  _ ................
NaCl.. ...................
NaF... ............ .......

S femics 6 . ................

75

-. 73.8
9.54
1.73

  2.97
.19
.23

- 5.62
-. 4.43

.49

.26

.25

.23

.17

.25

  100.16
.15

.. 100.01

1.47
... 4.53

.63
1.27

  84.1
... 6.4

9.5
- 65.9

.. 32.9

.- 26.1

.. 24.1
5.1

-. 3.8

.5
5.4

.6

.4

.3

.3

.. 15.7

76

74.0
9.46
1.91
2.65

.23

.25
5.42
4.41

.30

.27

.25

.21

.16

.25

99.77
.15

99.62

1.44
4.37

.58
1.23

84.4
6.4
9.2

64.9

33.3
26.1
24.1
5.5
3.3

.6
4.8

.6

.4

.4

.3

15.2

77

74.1
9.62
1.76
2.84

.20

.20
5.53
4.37

.29

.29

.24

.22

.16

.25

100.07
.15

99.92

1.44
4.43

.62
1.27

84.3
6.4
9.3

65.9

33.1
26.1
24.6
5.1
3.5

.5
5.0

.6

.4

.3

.3

15.0

78

74.9
9.46
1.53
2.87

.17

.20
5.49
4.47

.40

.27

.24

.22

.16

.25

100.63
.15

100.48

1.46
4.25

.65
1.23

84.4
6.3
9.3

65.4

34.5
26.7
23.6
4.2
4.0

.4
5.1

.6

.4

.3

.3

14.6

79 80 81 82

Chemical analyses  Continued

74.8 64.00 70.36 70.4
9.69 10.43 9.63 7.95
1.61 6.30 1.72 2.47
2.92 3.86 5.42 5.97

.14 .34 .06 .03

.30 1.45 .30 .50
5.53 7.59 6.73 7.35
4.38 4.59 4.43 4.31

...... \ 17 / .01 ......
.37 / - 1 ' \ .10 .18
.28 .78 .33 .32
.25 ____ ____ .26

____ ____ .03 .04

.22 .37 .25 .26

.16 -. __ .40 .33

.24 .. __ .17 .40

100.89 99.88 99.94 100.77
.14 ____ .16 .24

100.75 99.88 99.78 100.53

1.43 1.68 1.66 2.12
4.37 9.54 6.97 8.20

.64 .38 .76 .71
1.26 1.65 1.52 1.71

84.3 79.6 82.4 82.8
6.4 7.6 6.6 5.5
9.3 12.8 11.0 11.7

65.4 71.3 69.9 72.1
CIPW norms  Continued

33.7 11.0 26.6 29.5
26.1 27.2 26.1 25.6
25.2 27.8 24.6 16.8
4.6 18.0 5.1 7.2
3.5 3.7 5.6 8.0

...... 3.0 ------ ------
____ .4 ___ . ____
____ 3.0 ____ ._  

.4 .5 .2 .1
5.1 3.5 9.8 10.9

.6 1.5 .6 .6
____ ____ .1 .1

.4 .. __ __ .. .4

.4 ____ .4 .6

.3 ...... .6 .5
------ ------ ...... .2

14.6 33.6 21.8 27.5

83

70.0
7.92
2.68
5.78

.03

.48
7.37
4.28

.23
.32
.26

.03

.26

.34

.41

100.39
.25

100.14

2.10
8.19

.68
1.72

82.8
5.5

11.7
72.6

29.0
25.0
17.3
7.9
7.6

.1
10.6

.6
Tr.

.4

.7

.6

.2

27.5

84

66.4
9.73
2.53
6.83

.02

.77
7.60
4.41

.19

.59

.16

.06

.26

.23

.30

100.08
.18

99.90

1.79
9.11

.73
1.72

80.7
6.9

12.4
72.4

19.2
26.1
25.2
7.4
6.8

.5

.1

.5

11.6

1.2
.1
.2
.6
.4

28.8

85

70.45
8.99
2.33
5.22

.05

.48
6.71
4.55

.07

.35

.01

.21

99.42

99.42

1.77
7.32

.69
1.47

82.8
6.2

11.0
69.2

27.1
26.7
21.0
6.7
6.5

1.0
.1

1.1

.1
8.3

.7

24.5

86

71.39
9.57
2.48
4.22

.20

.55
6.39
4.40
Nil 

.35

.33

.00

.02

.21

.32

.41

100.84
.25

100.59

1.60
6.45

.63
1.45

83.0
6.5

10.5
68.7

27.7
26.1
24.6
7.4
4.3

.5
7.7

.6

.8

.5

.1

21.3

87

70.61
8.59
2.52
5.96

.07

.61
6.77
4.46

\ 0.10
.15

.34

100.18

100.18

1.86
8.23

.70
1.52

83.0
6.0

11.0
69.9

27.1
26.1
19.4
7.4
6.8

1.3
Tr.
1.4

.2
9.9

.3

27.3

88

70.13
7.97
2.77
5.27

.07

.55
7.46
4.24

/ .06 
\ .54

.30

.22

.04

.26

.37

100.25
.08

100.17

2.12
7.77

.66
1.76

82.8
5.5

11.7
72.7

28.8
25.1
17.4
8.0
7.9

1.0
Tr.
1.2

.2
8.5

.6

.1

.3

.6

27.5

89

70.86
8.48
2.40
5.02

.52

.30
6.68
4.50
Nil 

.20

.33

.00

.02

.25

.42

.69

100.67
.39

100.28

1.88
7.18

.68
1.48

83.1
5.8

11.1
69.2

30.0
26.7
18.3
6.9
4.8

1.3
9.2

.6

.4

.7
1.1

23.2

See footnotes at end of table.
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TABLE 3. Chemical analyses and norms of pantelleritic obsidians and separated glasses Continued

90 91 92 93 94 95 96 97 98 99 100 101 102 103 104

Chemical analyses  Continued

SiOj-. ------------------
AhOi--.   -.         -
FezOs      -    -     -   
FeO __ __ . __________
MgO    -   .    -   ...
CaO-.-        ---- -..
NazO.. ------------------
K^). .......................
HtO-. .....................
HjO+..-_   ..............
TiOi  -   -   -       .
ZiOt....... .................
CO 2. _ -- --.--.--.---.
PjOj  - ...................
SOs  ......................
S... ........................
MnO   ----.---... ..
Cl.     _ ................
P.............. .............

Subtotal  _____ ....
O = (P,C1)*.. ...... ..........

Total.. _ _____ ...

Agpaitic index*......-----.-.
FeasFeO* __ .-.. _ .... ..
FeOAFeO+FeaOa) ...........
NajO/K2O «.....   .........
Molecular:

SiOi.. ..................
AljOs  .................
NaaO+KjO  .--.--..-..
100 NasO/(Na2O+KjO)

. 69.25
9.10
3.70

. 2.61
.01
.06.

. 7.00

. 4.29
.01
.14
.25
.78
.00
.01
.08

.19

.78
. 1.30

. 99.56
79

98.84

1.79
. 5.94

.41
1.63

. 82.3

. 6.4

. 11.3
71.1

73.4
9.05
2.35
3.80
<.01

.21
6.20
4.25

.15

.15

.21

.21

.01

.02
.19
.24

100.44
.05

100.39

1.63
5.92

.62
1.46

83.9
6.1

10.0
69.0

74.6
9.95
1.96
2.80
<.01

.2-1
5.60
4.30

.18

.21

.18

.10

.01

.02
.12
.23

100.47
.05

100.42

1.39
4.57

.59
1.30

84.2
6.6
9.2

66.2

73.1 74.4 74.7
9.60 10.4 10.1
2.15 1.94 1.93
3.75 2.50 2.45
<.01 <.01 <.01

.26 .26 .20
6.20 5.55 5.60
4.30 4.35 4.25

.16 .16 .29

.23 .24 .22

.16 .15 .15

.11 <.01 .05

.01 .01 .01

.01 .02 .03
.14 .12 .10

100.18 100.10 100.08

100.18 100.10 100.08

1.55 1.33 1.36
5.69 4.25 4.19

.64 .56 .56
1.44 1.28 1.32

83.5 83.9 84.1
6.5 6.9 6.7

10.0 9.2 9.2
68.5 66.2 66.7

72.4
8.8
2.5
3.4

.2

.45
6.3*
4.3

.17

.06

.08

98.66

98.66

1.72
5.65

.58
1.47

83.7
6.0

10.3
68.9

72.5
9.8
2.3
3.5
<-l

.15
6.3
4.6

.10

.15

.29

.04

.16

99.89

99.89

1.57
5.57

.60
1.37

83.0
6.6

10.4
67.5

73.5
8.9
2.4
3.8

.15

.45
6.6
4.2

.14

.03

.10

100.27

100.27

1.74
5.96

.61
1.57

83.7
6.0

10.3
70.2

74.00
10.41

1.68
2.74

.01

.19
5.69
4.37

.05

.13

.23

.14

.01

.10

.21

.13

100.09
.10

99.99

1.35
4.25

.62
1.30

83.7
6.9
9.4

66.7

74.30
9.88
1.65
2.81

.02

.28
5.68
4.32
Nil

.32

.20

.20

.02

.10

.22

100.00
.05

99.95

1.42
4.30

.63
1.31

84.0
6.6
9.4

66.7

74.29
9.73
1.91
2.71

.01

.25
5.80
4.38
Nil

.18

.19

.22

.01

.11

.22

100.01
.05

99.96

1.47
4.43

.59
1.32

84.0
6.5
9.5

67.1

72.79
9.77
2.04
3.57

.05

.29
6.39
4.36
Nil

.08

.25

.16

.02

.13

.21

100.11
.05

100.06

1.55
5.41

.64
1.47

83.2
6.6

10.2
69.1

73.02 68.91
9.56 10.83
2.00 2.91
3.75 4.56

.05 .22

.32 .24
6.32 6.96
4.30 4.46
Nil .10
Tr. .26

.23 .40

.17

.02 .02

.14 .25

.17

100.05 100.12
.04 ___ .

100.01 100.12

1.57 1.50
5.55 7.18

.65 .61
1.47 1.56

83.4 81.2
6.4 7.5

10.2 11.3
68.9 70.4

CIPW norms  Continued

Q

ab... .......................

di:
WO ___ ----------.......-
en ----.. _....---_.. ..
fs  ............. .......

hy:
en.... ... _ ---. .....
fs    ..................

il  -- .-   _   _.. . .--.

Z -- ____ ... ____ .....
CaFj...... ..................
NaCl  .-.-.--............
NaF_---__. _____________

2 femics 6. _____ _________

28.9
25.6
22.5
10.6

.4

4.8

.5

1.1
.1

1.3
2.8

16.4

32.1
25.0
23.1
6.9
4.6

7.1

.3
Tr.

.3

.4

.4
19.3

32.4
25.6
27.2
5.5
2.8

.2

.3

4.8

.4
Tr.

.3

.4

.2
14.2

30.2 31.1 32.5
25.4 25.7 25.1
25.4 29.3 28.3
6.2 5.6 5.6

.2 .5 .3

.3 .6 .3

6.3 3.8 4.0

.4 .5 .4

.2 .2 .2

.3 ...... .1
18.3 13.6 13.7

31.3
25.6
21.0
7.4
5.6

.8

.1

.8

.4
5.3

.3
.1

20.8

29.1
27.2
24.6
6.5
5.0

.2

.3

5.9

.6
.1

18.6

31.7
25.0
22.0
6.9
6.1

.9

.1
1.0

.4
6.0

.3
.1

21.8

30.7
26.1
28.8
5.1
2.8

5.1

.5

.2

.3

.4

13.8

32.6
25.5
26.8
4.8
3.3

.5

.1

.5

4.5

.4

.1
.3

.4

14.2

32.6
25.9
25.7
5.5
3.6

.5

.6

4.3

.4
Tr.

.3

.4

14.9

29.6
25.8
26.0
5.9
4.6

.5

.6

.1
5.9

.5

.1

.2

.4

18.2

30.3 19.8
25.4 26.4
25.2 30.9
5.8 8.4
4.8 4.3

.6 .5
----- .1

.7 .4

.1 .5
6.0 7.6

.4 .8

.1 Tr.

.3 ......

18.5 22.6

1 Additional analytical data on this sample given 
in the explanation to tables 2-8.

2 Also loss on ignition, 0.46 percent.

3 Also loss on ignition 0.95 percent. 
« Molecular (NaaO+KjO/AhOa. 
6 By weight.

6 Sum of normative femic constituents, as denned 
by Washington (1917).
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TABLE 4. Chemical analyses and norms of comenditic and pantelleritic trachyte obsidians
[Details of the specimens are given on p. N25. Tr. indicates trace. Data in weight percent except for ratios and indices]

Comenditic

105 106 107 108 109

Pantelleritic

110 ill 112 113

Chemical analyses

SiO2   -___-_---__---___--__----

FeiO,  ___-_-_------_____-__-_
FeO
MgO--_--___-- _________________
CaO
Na2O  ---__-_-------_--__ -_---
K_O_____.______ ________________
H2O- -_

TiO2
ZrO2 . --_-_-_ __-_---_---.--___--
P2O6
MnO-_-- ______________________

F

Subtotal. _________________

Total.  _________________

Agpaitic Index l
Feas FeO 2---.-_--...._ _____ _
FeO/(FeO+Fe2O3) 2 --_-_-_--__._.
Na2O/K2O 2
Molecular:

AlsOi
Na2O +K2O
100 Na20/(Na2O +K2O) _______

-_-_-_ 64
--_.-- 15

--__-_ 4

------ 1
------ 6
-_---_ 5

--__-- 100

------ 100

--__-- 1
_-__-_ 4

1

-.---_ 77
------ 10
------ 12

65

.96 

.06 

.65 

.32 
Nil 
.58 
.79 
.45 
.26 
.52 
.59

.05

.15

.38

.38

.14 

.91 

.87 

.25

.4 

.6 

.0 

.5

63.0 
15.8 
2.6 
3.3 

.42 
1.9 
6.4 
5.1 

.03 

.24 

.60 

.11 

.12 

.18

99.8

99.8

1.01 
5.64 

.56 
1.25

77.1 
11.4 
11.5 
65.6

62 
15 

1 
5

1 
7 
5

100

100

1. 
6.

i!
76. 
10. 
12. 
67.

.5 

.21 

.15 

.55 

.33 

.45 

.18 

.20

.30

.75 

.03 

.14 

.28 

.10 

.17

.34 

.09

.25

.15

.59 

.83 

.38

5 
9 
6
8

63.40 
12.06 
3.50 
5.70 

.31 

.99 
7.95 
4.55 

.03 

.24 

.73

.10 

.40

99.96

99.96

1.49 
8.85 

.62 
1.75

78.2 
8.7 

13.1 
72.7

63.1 
12.41 
2.05 
6.97 

.16 
1.12 
8.43 
4.57

.14 

.69 

.13 

.09 

.35 

.23 

.36

100.80 
.20

100.60

1.52 
8.82 

.77 
1.84

77.4 
9.0 

13.6 
73.5

62.7
12.50 
2.04 
6.90 

.18 
1.20 
8.52 
4.72

.19 

.69 

.12 

.10 

.35 

.22 

.34

100 . 77 
.19

100.58

1.52 
8.74 

.77 
1.81

77.1 
9.1 

13.8 
73.3

62.8 
12.36 
2.11 
6.94 

.18 
1.13 
8.42 
4.54

.05 

.70 

.13 

.09 

.36 

.23 

.36

100.40 
.20

100.20

1.52 
8.84 

.77 
1.85

77.4 
9.0 

13.5 
73.9

61.1 
12.59 
1.64 
7.54 

.23 
1.20 
8.56 
4.68 

.13 

.00 

.65

.11 

.33 

.24 

.30

99.30 
.18

99.12

1.53 
9.02 

.82 
1.83-

76.6 
9.2 

14.2 
73.4

62.3 
12.99 
3.87 
4.67 

.35 
1.28 
7.44 
4.80 

.14 

.03 

.82

.12 

.28 

.13 

.26

99.48 
.14

99.34

1.35 
8.16 

.55 
1.55

77.7 
9.5 

12.8 
70.2

CIPW norms

Q-- __ -
or ------ _ -

ac _--__
ns
di: 

wo
en
fs

hy: 
en _
fs_ - -

mt-_

QT\

Z-   ____________________ .-- __.
CaF2 -._ __....--.-_- ------------
NaCl  -____-_-_----__---------.
2 femics 3 - _ _ .

_-__- 4
------ 32
_.-_-- 47

1
--__-- 2

------ 3

------ 3

--_--_ 3

-__-_- 1

------ 15

.7 

.2 

.2 

.8 

.0

.1

.6

.7

.1 

.1

.4

2.6 
30.0 
52.9 

.9

3.6
.8 

3.0

.2 

.6 
3.2 
1.2 

.3 

.2

13.8

0. 
30. 
49. 

3.
1.

2. 

2.

1.

.3 

.6 
3

.2 
,7

.2 
2 
2

6 
3

1.4 
.3 

Tr. 
.3 
.2 

19.4

7.5 
26.7 
37.2 
10.2 
4.4

1.9 
.2 

1.9

.7 
8.1

1.4 
.2

29.0

6.8 
27.2 
38.3 
6.0 
5.7

.9 

.1 

.9

.3 
11.4

1.4 
.3 
.2
.7 
.4

27.7

6.0 
2T.8 
38.3 
6.0 
5.9

1.0 
.1 

1.0

.3 
11.1

1.4 
.3 
.2
.7 
.4

27.8

6.7 
26.7 
38.8 
6.0 
5.5

.9 

.1 

.9

.3
11.2

1.4 
.3 
.2 
.7 
.4 

27.3

4.2 
27.8 
38.3 
4.6 
6.3

1.2 
.1 

1.3

.5 
12.1

1.2 
.3

~"6~ 

.4
28.2

4.8 
28.4 
39.8 
11.1 
2.2

1.5 
.2 

1.5

.7 
6.3

1.5 
.3

'.2 

25.9
i Molecular (Na2O+K2O)/Al2O3.
4 By weight.
3 Sum of normative femic constituents, as defined by Washington, 1917.
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TABLE 5. Trace element contents, in parts per million, of comendite and pantellerite obsidians, compiled from published data
[Specimen numbers are those used for major element analyses (tables 2 and 3). A, Average granite, from Taylor (1964), Taylor and White (1966). B, average rhyllitic 

volcanic rock, Taupo volcanic zone, New Zealand, from Ewart, Taylor, and Capp (1968). C, Average Arran pitchstone from Nicholls and Carmichael (1969). N.d. 
indicates not detected]

Comendites

Ba    _______ _
Be
Cd __ . __ . __ _.
Co __ ____________
Cr. ______ ...
Cs  _ ____ ______
Cu ___ ... ______
Ga
Hf ___ . _ _ ___ .
La.____ _ _______
Li ___ .___ _ ...
Mo.---   . _ _._.
Nb __ ______ _._.
Ni __ - ______ -.
Pb... . --- __ _
Rb ____ __-.___.
GA

Sn-_  --. _ _  .
St........ ... ---,
Ta__  ..._   _ _ .
Th ___ --------
uV  _ ____ _ _;_.
Y __ --____ _ ...
Yb ___ . _ ______
Zn___-_-___.____.
Zr.-_ _ ----- _ .
K/Rb... ________..

A.I.«_._   _ _ _.__.

B
Ba ___ _ ____   .
Be . _ _ . ______
Cd ____ __ _.__.
Co  _ ______ _ .
Cr ___ _ _ __.___.
Cs_ ____ ____ _ .
Cu-_--.__    ..
Ga _____ _ .--..
m... _ -__._ _.
La. .. ___ -__-.
Li. ___ . _ ....
Mo _ ----- ___ ..
Nb ___ .. __ ___.
Ni ______ -----
Pb    ___  __.
Rb __ _ ___ ______
Sc_ ___ - ___ ...
Sn____...    ____.
St................
Ta  ... _ . _____
Th __ _ ...   .
U. __ _    -- .
V __________ .
Y
Yb __ .___ _ ....
Zn_. _ ____
Zr __ ____ ___
K/Rb_       ...

A.I.6    ----- ____

1

_ ___ _ 40
. ______ 10
  -._    _ 10

---     <5
-   .__ _ <1

. __ __ 8
OQ

. __ __ . 170

... ___ . 2

. _ . _ 150
2

__ __ 70

---..-- 16
. _ __ 6

.---   -_. <5

. ___ ... 140

. _____ 14

----- _ . 1300

.. ___ 1.11

46

_______ 80
.------.. 20
. __ _... 9

._    _.___ <5

... __ - <1

. ______ 6

._ .____ 36

. ______ 280

. ___ .. 7
_  ___._ 220
. ____ . 2
. ______ 80

___ ___. 3
... __ _ 20
. _____ . 7

... _____ <5

.. __ __ 190
_   --.-. 19

.. __ . __ 1700

.. ... _ 1.25

11

10
QA

QA

N.d.
1

2
QQ

91 A

5
70
N.d.
30

4
7

<5

N.d.
100

100

1.21

88

365

225

10

160

460
1650
156

2.12

12

N.d.
10
10

N.d.
1

16
36

9 An

4
70
N.d.
30

7
6

N.d.
110

860

1.16

!90

1 ftft

5
60

<2
<1
10

<17
42

<100
610
260

6
640
<2
220
950
<5
50
2

<5
450
54

6300
37

1.79

15

30
<5

<2
<1
<5
<1
30

110
78
5

70
<2
40

390
^^o

6
2

<5
73
6

104

1.03

291

31
11

N.d.
N.d.
6.5
5.5

40
23.5
130
79
24
81
N.d.
41
162

1.0
7.2
4.7

23.6
6.9

N.d.
190
16.1

1520
218

1.63

30

30
50
11

<5
<1

5
45

360

22
450

3
30

4
24
7

<5
220
9(1

2200

1.81

92

27
9.8

N.d.
N.d.
6.4
3.3

36

113
71

76
N.d.

160
1.0

1.9

21.8
6.4

N.d.
165

1360
223

1.39

31

10
50
5

<5
<1

3
43

230

22
320

4
20

6
14
3

<5
140
10

1600

1.35

Pantellerites

93

18
8.5

N.d.
N.d.
4.9
3.4

34

93
56

71
N.d.

129
.6

1.1

N.d.
145

1190
277

1.55

32

30
50
10

<5
<1

7
44

360

18
440

3
40

4
24
9

<5
230
19

2000

1.85

94

20
8.1

N.d.
N.d.
4.5
3.4

36

97
67

63
N.d.

130
.7

1.8

17.9
5.4

N.d.
140

1090
278

1.33

Pantellerites

33

.70

.9

4.5

19.2
260

.4
14

150

<5
12.0

85

400
1500
290

1.41

'95

8.6
8.2

N.d.
N.d.
5.2
5.6

32
15.5
95
59
12.6
69
N.d.
21
134

.7
5.7
.3

17.4
5.1

N.d.
145

9.2

1100
263

1.36

35

.67

.2

2.5

14.1
350

1.0
16

180

.8
<5
23.7

180

450
1900
210

1.77

A

15
600

5
.2

2
10
5

10
20
4
50
30
2

20
4
30

145
6
3

285
3.5
17
4.8

40
40
0.18

40
180
240

37

.48
1.0

7.5

17.3
370

3.5
20
200

<5
18.5

160
i

450
2200
200

1.82

B

870
N.d.
N.d.
N.d.
1.7
3.3
6

16
4.5
28.4
35
2.6
5.6

N.d.
18

108
4.7
1.3

125

11.3
2.5
8.5

27.5
3.55

160
249

39

.36

.2

1.5

16.8
250

.7
12
140

.8
<5
17.7

130

350
1500
290

1.47

C

.08
1.4

5

1.6
17
1.1

18
160

85

32

52
230
230

1 Additional trace element data given in explanation to tables.
* Includes I, n.d.; In, 0.23; Tl. 0.93.
* Includes I, 0.47; In, 0.18.
< Probably reflects contamination (Noble, 1965).
* Agpaitic index is molecular (NazO+K-OVAhOa.
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TABLE 6.   Additional rare-eartk-element data, in parts per million, 
for Mayor Island pantellerites (91, 95), average granite (A), and 
average Taupo volcanic zone rhyolite (B)

[From Ewart, Taylor, and Capp (1968)]

 7.1 9O A D

Ce_._. _ .._...._ 158 150 100 43.5
Pr- __ ..._._____ 30 32.5 10 6.4
Nd._ ..._...____._ 125 89 31 18.2
Sm __ _._.._._.._ 26 17.8 5.0 5.5
Eu. _ ___________ 1.89 1.12 .47 1.0
Gd.__. ........... 22.5 14.4 2.9 4.3
Tb...._. _ ...... 4.6 3.18 .15 1.15
Dy__ __ ......... 21 14.4 .90 4.8
Ho ____ ........ 7.7 4.75 .17 1.4
Er._.._........... 16.8 11.3 .45 3.9
Tm_____ __ ._._._ 1.82 1.13 .08 .46

TABLE 8.   Trace element contents, in parts per million, of peralkaline 
trachyte obsidians from central Kenya

G. R. AngeU, Grant Institute of Geology, Univ. of Edinburgh. All analyses by 
X-ray fluorescence)

107 109 110 111 112

Ba.____ 30 <20 <20 <20 20
Ce_____ 230 470 440 430 360
Cu._... 5 5 10 7 12
La..... 145 390 380 380 280
Nb__ _ 130 285 270 285 220
Ni... ... <5 <5 7 5 7
Pb_____ 15 27 17 30 25
Rb_____ 90 170 160 170 155
Sr ___ <5 <5 <5 <5 5
Th._.._ 20 40 37 40 35
Y QA I QA I QA I QA -I CA

Zn__.._ 150 275 300 305 290
Zr.__ _ 385 960 930 975 1010
K/Rb_. 480 223 245 222 251
A.I.1.... 1.16 1.52 1.52 1.52 1.53

» Agpaitic index is molecular (Na*O+KjO)/AUO«.

TABLE 7.   New determinations, in parts per mittion, of trace elements 
in comendite and pantetterite obsidians

[Specimen numbers are those used for major element analyses (tables 2 and 3). 
Analyst: G. R. Angell, Grant Institute of Geology, Univ. of Edinburgh. All 
analyses by X-ray fluorescence]

7 8 20 22 23 25 26 27

Ba ___ 35 <20 50 285 150 470 440 460
Ce ------ 250 280 260 260 310 300 240 250
Cu. ___ 10 10 10 7 10 12 12 12 
La-....- 165 210 160 170 210 170 130 160
Nb ___ 190 210 180 175 190 130 135 130
Ni------ <5 7 <5 <5 <5 <5 <5 5
Pb... ... 15 32 12 17 25 10 12 15 
Rb 120 250 115 110 120 85 85 85
Sr--.-.- <5 5 <5 15 12 25 42 25
Th ___ 22 47 22 22 27 15 17 20
Y. ____ 170 160 170 160 185 210 210 200
IV OOA 1 0A Ot R OKA OTA 94A OOR OQE

Zr......l250 930 1235 1300 1410 960 870 1000 
K/Rb... 315 150 339 372 333 375 369 380

A.I.»..__ 1.15 1.24 1.19 1.13 1.16 1.07 1.04 1.06

Pantellerites

57 58 59 60 61 62 63 64

Ba... _ 295 250 660 240 420 165 140 60 
Ce ------ 400 320 260 340 300 350 300 270
Cu-. _ 10 7 <5 10 5 7 7 5 
La --.- .. 270 240 200 260 170 200 220 200
Nb 230 200 150 200 175 165 175 120
Ni---.- <5 7 5 5 <5 7 <5 <5
Pb. ___ 50 22 20 22 17 20 30 22
Rb. ___ 175 210 120 160 130 145 145 136
Sr.. __ 7 10 10 5 7 5 5 <5
Th...... 37 27 25 30 25 22 25 22
Y....... 240 190 170 210 170 180 180 160
Zn ------ 405 350 265 350 250 280 285 260
Zr... _ 1440 1160 895 1200 1055 1005 1025 970
K/Rb --. 200 172 315 218 290 252 259 275

AJ.» __ 2.18 1.96 1.58 2.07 1.51 1.80 1.77 1.78

Pantellerites

65 67 68 77 79 82 83 84

Ba-.-._ 75 680 245 60 50 80 50 <20
Ce ------ 300 250 370 450 440 590 600 420
Cu  ... 10 7 5 <5 <5 10 12 5 
La ------ 180 180 260 300 340 420 450 320
Nb.   .- 160 150 220 220 220 360 350 230
Ni. ___ 5 5 5 10 <5 5 <5 <5
Pb._____ 27 22 25 25 30 32 35 25
Rb. ___ 145 130 175 125 125 210 195 146
Sr __ .. <5 12 10 <5 <5 7 <5 <5
Th ___ 30 22 32 22 25 42 42 27
Y ___ 160 160 240 255 260 350 340 240
Zn ------ 290 260 365 395 410 440 430 350
Zr... _ 1010 915 1370 1600 1605 1670 1600 1120
K/Rb _ 259 290 197 290 291 170 182 252

A.I.1 __ 1.74 1.55 2.08 1.44 1.43 2.12 2.10 1.79

i Agpaitic index is molecular (NajO+KiO)/AliOs.
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TABLE 9. Coefficients of correlation for various element and element ratio pairs
[The number of analyses used for each variable was as follows: SiO 2 113, ZrO 2 62, TiO2 113, AhOs 113, Fe2Os 113, FeO 113, MnO 112, MgO 113, CaO 113, Na2O 113, 

K2O 113, P2O 5 95, H2O+ 109, H2O- 68, F 68, Cl 88, agpaitic index 113, Fe as FeO 113, FeO/(FeO+Fe2O 3) 113, Na2O/K2O 113. COs has been omitted because 
the number of analyses (15) is too small to be statistically meaningful]

Zr02 _____-_________

Ti02 _____-..____-__

AljO,.... __._._..___

Fe203  - ___________

FeO

MnO.______________

MgO__-________-.__

CaO_. _____________

Na_0____ ___________

K20_.___-_--_______

P_05_---_       -

H20+..___-_.______

H20--__._-__-_____

F

Cl___ ______ _

Agpaitic index

FeasFeO__________

FeO/(FeO+Fe_0,)  

Na_0/K20. _________

PA____   _____.__.

H20+__---___. ______

H80-._.___________.

F____ _____

Cl

Agpaitic index

Fe as FeO_ _._._____.

FeO/(FeO+Fe_Og)-__.

Na_0/K20___ ________

SiO 2

0.1098

-.8332 -

-.2410

-.4244

- . 6546

-.6192

-.4861

-.6868

- . 8148

-.3250

-.3753

.1021

-.0366

-.1110

-.2478

-.2194

-.6789

-.2103 

- . 5892

-0

_

_

__

ZrO2

-0.1937

-.4656

.4413

-.0300

.1215

-.0772

-.3978

.0710

-.1588

-.1383

.1620

-.0935

.8121

.5209

.4081

.1110

-.2916 

.1285

K2O

.1801

.0242

.1612

.1743

.1663

.2796

.0781

.0693

.4490

TiO 2

0.0672

.4138

.6382

.7023

.5849

.6357

.6606

.2726

.4002

-.0351

.1125

-.0712

.1269

.2582

.6620

.1910 

.4705

P2O 6

0.0968

-.1258

-.1399

-.0446

.3322

.4590

-.0510

.4294

Al2Oa

-0.4666

-.4246

-.4057

.1377

.4064

-.1839

.4113

-.1616

.1131

974.7

-.2193

-.2982

-.8582

- . 5208

.0876 

-.3396

H.O +

0.3185

-.1475

-.1170

-.1918

-.2053

-.1583

-.1788

0.3711

.5049

.3977

.0489

.4879

-.0612

.4970

-.0325

-.0735

.3508

.2206

.6008

.7045

- . 5489 

.4690

HjO-

-0.2169

-.3806

-.2924

- . 1609

-.1254

-.2391

FeO

0.8266

.1144

.3553

.8176

-.0685

.3369

-.2493

-.1711

.0844

.3357

.7295

.9205

.4976 

.7580

0.5485

.2795

.1810

-.2144

.2465

MnO

0.2642

.2087

.7057

.0519

.2104

-.1191

-.1672

.0906

.3367

.6409

.8439

.2103

.5872

0.4252

.3400

.1240

.2438

MgO

0.3856

.3050

.2766

.3611

.1600

.0628

-.0277

-.0403

.0347

.2548

-.1907 

.1517

Agpaitic

0.8103

.0781

.6842

CaO

0.4231

.1606

.3406

-.0059

.2290

-.2342

-.1012

-.0891

.2924

.3788 

.3239

0.1494

.7767

MfloO

-0.0049

.3312

-.2275

-.2043

.2070

.3613

.6235

.8303

.2925 

.8907

0.2866
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TABLE 10. Chemical analyses and norms of two obsidians
[Not included in tables 2-4 because the localities at which the flows crop out are not 

known, and thus the specimens cannot be related to any geologic information. 
Tr. indicates trace. Data in weight percent except for ratios and indices]

Al A2

SiO*____     _-___-__----     _ 75.88 75.2
Al2O3 ---_----------------------- 9.67 11.7
FeaOs--------------------------- 2.23 1.7
FeO_-_   _       --         .83 .5
MgO_. _____._._-.._._-   --. .21 .1
CaO  _       ___-__       -__ .72 .4
NaiO__. ____________ _ __ _ _____ 5.13 5.2
K2O-_-___---_-----_-----_----_ 4.56 4.6

	-04 
	.13

TiO*_-     --       ---     .10 .19
ZrO_  _________________________ ----- .16
P2O5___-_--___-__-__-__. --_-__-_ ---__ .04

Tr. .15

\ 
/

Total__-___--_-_--------_- 99.71 100.11

Agpaitic Index _ _---__-__-_-___- 1.38 1.16
FeasFeO_-___--__-__---_-__-_._ 2.84 2.03
FeO/CFeO+FezOs). -------------- .27 .77
Na2O/K2O_ -.-.._.._.     ...-. 1.13 ______ 1.13

	Al A2

Molecular:
SiO2 84.8 83.5
Al2O3 ____-_____--___--_---__ 6.4 7.7
Na2O+K2O _________________ 8.8 8.8
Na2O/(Na2O+K2O)_ _________ 63.4 63.2

Q---_-___-_____.--__--______-__ 35.2 29.7
or _ 26.7 27.2
ab______. _______________________ 24.6 34.6
ac-___-__---_-____-___-_-_--_-_- 6.5 5.1
ns-___..__. _____________________ 2.7 .9
di:

wo-__--__-___-___---___--__ 1.5 .7
en-_-__. ____-._.____-._____- .4 .3
fs__________________________ 1.2 .5

hy:
en_ __________ ________ .1 _____
fs_-____. ___________________ .3 .3

il_______________________________ .2 .5
ap _ ___________________________ _____ .1
Z___ _ ____ ____________ ____ __ _ 2'-T-""'-!""--.!"---- 12^9" SA

Al. Pantelleritic obsidian bead, found as an artifact, Chichen Itza, Mexico. 
Analyst: H. S. Washington. Phenocrysts: None. Reference: Washington 
(1921, table 2, No. 1).

A2. Comenditic obsidian, Caucasus, U.S.S.R. Analyst: R. Thomas. Phenocrysts: 
No data. Reference: Butler and Smith (1962, table 2, colln. 6059). Also con 
tains, in parts per million, Rb 220, Y 90, Nb 70, Ta 5.5, K/Rb 170 (Butler 
and Smith, 1962, table 1), Zn 225, Cd 0.22 (Butler and Thompson, 1967, 
table D.
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