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Introduction

This internal report contains a compilation of volcanic glass related data that was generated during
the author’s research stay at the Science Institute, University of Iceland, from 2001-2004. Most of
this data has not found its way in a published manuscript but the author feels that it should be
available as a reference source as it contains valuable information on volcanic glasses that are all
but one from Iceland. In this respect the author expresses his gratitude to the following Icelanders:
Sigurdur Gislason from the Science Institute for offering the author the opportunity to carry out this
project and for this continuous support throughout these three years. Gudrun Larsen from the
Science Institute whose contribution was vital to finding adequate sample outcrops. With her
invaluable knowledge, pumices and ash layers of six Hekla, two Katla, one Oraefajokull, and one
Eldgja eruptions were sampled. Moreover did she kindly provide the author with ash samples from
the Grimsvotn 1998 and Hekla 2000 eruptions. Thanks goes also to Sveinn Jacobsson from the
Natural History Museum of Iceland for sharing his precious ashes from the Heimaey 1973 and
Surtsey 1964 eruptions. Olgeir Sigmarsson from the Science Institute endowed the author with the
only foreign glass from an ignimbrite flow in the Long Valley, California. In total 18 volcanic
glasses were available for a study on dissolution kinetics and results thereof can be found in Wolff-
Boenisch et al. (2004a, 2004b). This internal report is meant as a supplement to the data published

in these papers.
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Chemical Composition

Table 2 XRF chemical analyses of the major elements of the volcanic glasses in weight percent

_ Eldgjd 934

Sample’ Code SiO, TiO; AlLO; FeyO3 FeO MnO MgO CaO Na,O KO P,Os LOI
Bishop Tuff,0.76 Ma* | BT 72.62 0.08 1248 078 0.1 003 009 048 379 438 001 4.83
Oraefajokull 1362 062 7064 024 13.00 240 1.18 0.10 002 097 545 341 002 195
Hekla 1104 HT 7059 022 1378 1.10 228 0.11 009 192 488 267 004 140
Hekla 3W,2900 BP | H3W 69.79 021 13.79 115 232 011 0.11 208 4.83 248 004 190
Askja 1875 A75 6928 090 1242 248 209 0.10 097 281 374 221 019 1.70
Hekla 3B,2900BP | H3B 66.01 042 14.65 2.14 381 0.18 039 321 4.72 207 010 097
HeklaZ0,2300 BP | HZ0 62.80 096 1534 2.64 453 0.17 140 457 435 155 034 020
Silk-LN, 3100 BP SLN 6276 126 1436 209 4.5 019 105 294 4.62 255 030 2.64
Hekla 2000" H20 54.81 198 1435 438 748 027 281 6.65 4.01 127 096 -043
HeklaZ1,2300 BP | HZ1 54.14 200 1481 631 555 026 293 653 366 1.20 1.01 020
Hekla 73,2300 BP | HZ3 51.62 236 1449 600 7.11 028 330 696 329 1.06 127 0.57
Grimsvotn 19987 GR 5077 253 1355 257 1026 020 554 987 277 052 028 -093
Heimaey 1973" HEI 5048 224 16.16 378 777 025 254 694 584 160 0.78 -0.23
Askja 1961 A61 5013 273 12.74 491 1073 024 4.66 897 270 056 031 -0.70
Krafla 1984 KRA 4978 201 1344 3.06 1156 023 573 1023 237 032 020 -0.87
Katla 1755 KAT 47.07 450 1265 4.13 11.08 023 479 9.1 279 077 064 0.00
Surtsey 1964" SS 4648 246 1635 257 9.66 0.19 588 9.87 3.60 067 033 -0.13
ELD 46.09 435 1298 6.1 9.65 021 531 1015 259 0.66 044 -0.26

van den Bogaard and Schirnick (1995)
"Sample names consist of the sample location and eruption date. 0.76 Ma refers to 0.76 million years before
present, 2900 BP stands for 2900 years before present, and 1104 represents the year 1104. Exact dates of
eruptions occurring before 934 are somewhat uncertain.
'Specimens from these eruptions were taken days to weeks after the volcanic activity, i.e. eruption age does
not equal weathering age
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Surface Areas

Table 4 Summary of physical properties of the glass powders (45-125 pm) used in this study

sample volcanic glass density* Ager Ago roughness pHzpe
name g/em’ cm*/g/10* cm’/g factor

BT rhyolite 2.31 3.12 332 94 6.9
062 rhyolite 2.36 0.43 324 13 7.4
H1 rhyolite 2.42 0.56 317 18 7.0
H3W rhyolite 242 1.08 316 34 6.9
A75 rhyolite 2.45 1.41 312 45 7.0
H3B dacite 2.51 1.21 305 40 6.9
HZ0 dacite 2.59 0.62 296 21 7.0
SLN dacite 2.55 2.65 301 88 6.9
H20 b-andesite 2.79 0.12 275 4 7.0
HZ1 b-andesite 2.73 2.16 280 77 6.9
HZ3 basalt 2.81 4.34 273 159 7.0
GR basalt 2.99 0.11 256 4 7.0
HEI mugearite 2.81 0.07 272 3 6.9
A6l basalt 2.99 0.14 256 6 6.9
KRA basalt 3.04 0.14 252 6 7.0
KAT basalt 3.04 0.94 252 37 6.9
SS basalt 3.00 0.19 255 8 6.9
ELD basalt 3.02 5.22 253 206 7.0

“corresponds to the particle density, not corrected for potential vesicularity

“b-“ means “basaltic”, pH,, is the zero point of charge, roughness factor is the ratio of Aper/Ageo







SEM

The samples have all been ground, dry sieved to the 45-125 pum size fraction and ultrasonically
cleaned in acetone and deionised water. Specimens were examined at different magnifications in a
JEOL JSM 6300F at 20kV.

Roughly there exist three groups of glasses:

1 Glasses revealing a smooth, uncoated, and bubble-free surface, which is consistent
with their low roughness factors (H20, GR, HEI, A61, KRA, SS).

2) Glasses which are also smooth and uncoated but which exhibit porosity due to the
presence of bubbles. Consequently, the surface roughness of these glasses is bigger
(062, H1, H3W, A75, H3B, HZ0, KAT).

3) Glasses with significant weathering features (BT, SLN, HZ1, HZ3, ELD). As a
result, the roughness factors are very high. EDX analyses show the surface coatings
to be iron non-silicates.

For the glasses of the third group four images are provided to illustrate the weathering features
while only two photos, an oversight and a characteristic grain, represent the glasses from the two
other groups. The order of the images follows the silica content (cf. Table 2), i.e. starting with the
rhyolitic glasses, and the code of each glass is shown on the image. For the basaltic glasses HZ3
and ELD backscattering images are also added at the end. They reveal plagioclase lathes and
opaque Ti/Fe-ores within the glassy matrix. Table 5 is a rough subjective characterization of the
porosity, smoothness, and coating of each glass and sets the base for the classification into the three

groups presented above.

Table 5 Visual assessment of the porosity, smoothness, and coating of the volcanic glasses

Sample | porous | smooth | coated
BT + - -
062 + + -
H1 ++ + -
H3W ++ + -
A75 + + -
H3B et + -
HZ0 + + -
SLN + + +
H20 - + -
H7z1 + - +
HZ3 - - +
GR - + -
HEI - + E
A61 - + -
KRA - + -
KAT + +







SS - + -
ELD B - +
++ = very, + = markedly, + = not markedly, - = not
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Surface Titration

Surface titrations on the 18 volcanic glasses were carried out to determine their zero point of charge
(pPHzpe). This is the pH at which the glass surface has no net electrical charge because the sum of
negatively and positively charged surfaces cancels out. Experiments were performed in 250 ml acid
washed plastic beakers filled with 100 ml of a 1mM NaCl background electrolyte solution to which
1 gram of glass (45-125 um size fraction) was added. The suspension was magnetically stirred and
continuously purged with N, during the experiment to prevent CO, entering. Once the pH meter
marked a constant value and the suspension had stabilized (usually after 20-30 min) the titration
was started by adding stepwise HCIO, with a micropipette in different concentrations (1, 10, 100
mM) until the pH dropped to a low value (black diamonds in the figures). Back ftitrations were
performed then by adding NaOH in the same way until reaching a high pH (open circles in the
figures). From there HClO4 was added again until the pH reached its initial value (black diamonds
in the figures).

The most important aspect of titration experiments is the effect of atmospheric CO; and the related
essential stabilization of the pH. The initial phase of the titration experiments is therefore very
crucial as both the N, bubbling rate as well as the stirring rate determines the exposed surface of the
suspension and thus the amount of CO, that can be in contact with the surface. The greatest error
occurs if the starting pH of the equilibrated suspension is not determined correctly. Furthermore
does the addition of only small concentrations of acid in the beginning only cause minor changes in
the pH and if these are not assessed accurately the whole titration becomes questionable. Another
aspect is the rapid initial dissolution of high surface energy sites on the glass surface, which
consumes protons. The pH,, of the glasses lies apparently between 6-8 (see figures that follow)
and the precise values provided in table 2 agree well with the work of Guy and Schott (1989) who
give a pHype of 6.8 for basaltic glass. Still, caution must be exercised as these pHz, values lie
suspiciously close to the neutral pH and do not change from basalts to rhyolites; therefore they

might wear artefacts stemming from the influence of bubbling and stirring.
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Equilibrium Constants
Equilibrium constants for the dissolution of volcanic glasses are estimated assuming that non-

framework cations are leached out of the glass leaving a hydrated surface gel enriched in network

forming cations. It is this gel that undergoes eventual hydrolysis. Therefore the Knvg values

compiled in tables 6 and 7 refer to the hydrolysis reaction of this leached gel and not of the whole

original glass, which does not attain thermodynamical equilibrium with the solution. The gel

chemical formula consists of the glass network formers (Si and Al) and OH groups.

Table 6 The composition of the hydrated volcanic glasses (HVG), their hydrolysis reactions under acid conditions and
the logarithm of the equilibrium constants (Kuvg) of these reactions used to estimate saturation indices (at 25°C)

Sample | volcanic name Hydrolysis reaction for the HVG under acid conditions | log Kuvg
BT rhyolite SiAlg2002(0H)g 61 + 0.61H + 1.39H,0 = HySiO4 + 0.20A1*" -0.55
062 rhyolite SiAlp2202(0H)g6s + 0.65H" + 1.35H,0 = H,SiO4 + 0.22A1"| -0.33
Hl rhyolite SiAly2302(0H)o g0 + 0.69H" + 1.31H,0 = HySiO4 + 0.23A1" -0.23
H3W rhyolite SiAlg2302(0H)o70 + 0.70H" + 1.30H,0 = H;SiO4 + 0.23AI"| -0.23
A7S rhyolite SiAlg2102(0H)o 63 + 0.63H" + 1.37H,0 = HySiO4 + 0.21A1% -0.44
H3B dacite SiAlg2602(0H)o7s + 0.78H" + 1.22H,0 = HySiO4 + 0.26A1*|  0.10
HZ0 dacite SiAlg2902(0H) g6 + 0.86H' + 1.14H,0 = HySiO4 + 0.29A1| 0.42
SLN dacite SiAlg2702(0H)gg; + 0.81H" + 1.19H,0 = HySiO4 + 0.27A*" 0.21
H20 | basaltic andesite SiAlg3,02(0OH)go3 + 0.93H" + 1.07H,0 = HySiO4 + 031AI" 0.64
HZ1 | basaltic andesite SiAlg3,02(0H)og7 +0.97H" + 1.03H,0 = HySiO4 + 0.32A1  0.75
HZ3 basalt SiAlg3302(0H)o.90 + 0.99H" + 1.01H,0 = HySiO4 + 0.33A17"|  0.85
GR basalt SiAlg3202(0H)g9s + 0.95H" + 1.05H,0 = HySiO4 + 0.32A1"  0.75
HEI mugearite  SiAlg3s02(0OH)1.13 + 1.13H" + 0.87H,0 = H4SiO4 + 0.38A1"| 1.39
A61 basalt SiAlp3002(0OH)g g0 + 0.90H" + 1.10H,0 = H,SiO4 + 0.30A**| 0.53
KRA basalt SiAlp3202(0H)og6 + 0.96H" + 1.04H,0 = HySiO4 + 0.32A1%  0.75
KAT basalt SiAly3202(0H)gs + 0.95H" + 1.05H,0 = HySiO4 + 0.32A1%  0.75
SS basalt SiAlp4202(0H); 25 + 1.25H" + 0.75H,0 = HySiO4 + 0.42A1 1.83
ELD basalt SiAlp3302(0H); 00 + 1.00H" + 1.00H,0 = HySiO4 + 0.33A1°"  0.85

Example of the calculation of ELD’s Kyyg:

(amorphous) SiO; + 2 H,O = H,SiO4; log K -2.71 (PHREEQC)
(amorphous) AI(OH); + 3H' = AP’* + 3 H,0; log K 10.80 (PHREEQC)
=> 1(Si)-2.71 + 0.33(Al)-10.80 = 0.85
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Table 7 The composition of the hydrated volcanic glasses (HVG), their hydrolysis reactions under alkaline conditions
and the logarithm of the equilibrium constants (Kyvg) of these reactions used to estimate saturation indices (at 25°C)

Sample|

volcanic name

Hydrolysis reaction for the HVG under alkaline conditions

log Knvg

BT
062

SS

ELD

rhyolite
rhyolite
rhyolite
rthyolite
rthyolite
dacite
dacite
dacite
basaltic andesite
basaltic andesite
basalt
basalt
mugearite
basalt
basalt
basalt
basalt

basalt

SiAlj2002(0H)g61 + 2H,0 + 0.200H = H4Si04 + 0.20A1(OH)4]
SiAlg2,02(0OH)g6s + 2H,0 + 0.220H = H4Si0, + 0.22A1(0H)4]
SiAlg2302(OH)g 69 + 2H20 + 0.230H = H4SiO4 + 0.23A1(0H)4]
SiAlp2302(OH)o.70 + 2H,0 + 0.230H = H4SiO4 + 0.23A1(0OH)4
SiAlg2102(0OH)p63 + 2H20 + 0.210H = H4SiO4 + 0.21A1(OH)4]|
SiAlg2602(OH)p .78 + 2H20 + 0.260H = H4SiO4 + 0.26 A1(OH)4]
SiAlg2902(0OH)g 86 + 2H,0 + 0.290H = H4SiO4 + 0.29A1(0H)4]
SiAlg2702(OH)ps1 + 2H20 + 0.270H = H4SiO4 + 0.27A1(OH)4
SiAlp3102(0H)p.93 + 2H0 +0.310H = H4SiO4 + 0.31A1(OH)4
SiAlp3,02(0H)g.97 + 2H,0 +0.320H = H,4SiO4 + 0.32A1(OH)4]
SiAlp3302(0OH)g.g9 + 2H,0 + 0.330H = H4SiO4 + 0.33A1(0H)4]
SiAlp3202(0OH)g.95 + 2H,0 + 0.320H = H4Si04 + 0.32A1(0OH)4
SiAlg3302(0H), 13 + 2H,0 + 0.380H" = H,SiO4 + 0.38A1(OH)4]
SiAlp3002(0H)g.90 + 2H20 + 0.300H = H4SiO4 + 0.30A1(OH)4

SiAlp3202(0H)g.96 + 2H20 + 0.320H = H,4Si04 + 0.32A1(0OH),]
SiAlp3202(OH)o.95 + 2H,0 + 0.320H = H,Si04 + 0.32A1(0H),]

SiAlp4202(0H); 25 + 2H,0 + 0.420H = H4SiO4 + 0.42A1(0H)4

-2.29
-2.25
-2.23
-2.23
-2.27
-2.16
-2.10
-2.14
-2.06
-2.04
-2.02
-2.04
-1.91
-2.08
-2.04
-2.04
-1.83

SiAlg.3302(0H)1 g0 + 2H,0 + 0.330H = HySi04 + 0.33A1(0H)4

-2.02

Example of the calculation of ELD’s Kyye:

(amorphous) Si0, + 2 H,0O = H,SiOy; log K -2.71 (PHREEQC)

(amorphous) AI(OH); + 3 H' = Al* + 3 H,0; log K 10.80 (PHREEQC)

A’ + 4H,0 = AI(OH), + 4H"; log K —22.7 (PHREEQC)

H' + OH = H,0; log K 14.0 (PHREEQC)

=> 1(Si)-2.71 + 0.33(Al1)-10.80 + 0.33(Al(OH),)-22.7 + 0.33(OH) 14 = -2.02

*Note that at basic pH: H,SiO, = H;SiO4 + H'; log K 9.83 (PHREEQC)
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Corrosion Resistance

There exist parameters that contribute to the corrosion stability of glass and which can be inferred
from the glass chemical composition. For example, in pure silica each of the four oxygens that
make up the silica tetrahedron is linked to another tetrahedron so that the molar silicon to oxygen
ratio in the structure of the glass (Si:O ratio) is 0.5. There are no non-bridging oxygens (NBO)
present and the structure is totally three-dimensionally polymerised, chemically very stable and
corrosion resistant. As network modifiers are introduced into the glass, the Si:O ratio decreases and
the number of NBO increases; with this the stability of the glass diminishes. In table 8 these two
important and interrelated parameters are compiled for the 18 volcanic glasses.

Table 8 Compilation of the molar silicon to oxygen ratio and the non-bridging oxygens of the volcanic glasses

Sample | Si:O NBOwm NBOyjp
BT 041  -001 -0.04
062 | 040 003  0.16
H1 040 006 026
H3W | 040 006 026
A75 | 039 010 044
H3B 0.38 0.10 0.40 The Si:0 ratio is calculated:
HZO | 036  0.18  0.57
SIN | 037 017 0.9
H20 | 0.33 0.41 0.91 . wt%(Si0,)

HZl | 033 033 076 5i:0= wt%(i) - n(i)
HZ3 | 032 041 087 M (SiO,)-Z .

GR | 031 074 123 M ()
HEI | 031 047 092

Aol 0.31 0.68 L17 where (i) is any major oxide constituent apart from SiO,,

KRA 0.31 0.76 1.22 wt% stands for the weight fraction in percentage of the

KAT 0.30 0.84 1.30 oxide, M is the molecular weight, and n the number of
SS 0.29 0.73 1.12 | oxygens in the formula of the oxide.

ELD 0.29 0.81 1.23

For the number of NBO (based on molar %) two equations were employed:

_ 2(Na,0+K,0 + Ca0 + MgO + MnO + FeO — AL,0, — Fe,0,) +4-TiO,

NBO,,, :
(Si0, +2- ALO, + 2 - Fe,0,)

This equation is a slightly altered version of the one proposed by White and Minser (1984).
However, their equation ignored TiO; and this major oxide has been incorporated into this equation.
Likewise, Jantzen and Plodinec (1984) modified the equation of White and Minser to calculate
NBO of nuclear waste glasses. Stripped of any oxides whose concentrations are negligible (BaO,
Cs;0, Li,0, SrO, UO,, ZrO,) their version was also utilized to calculate NBO:

_ 2(Na,O0+ K,O + CaO + MgO + MnO + FeO - Al,O, - Fe,0,) +4-(TiO,)
oxide mol sum

NBO,,

Note that the difference between both equations lies in the denominator.
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