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Abstract: The chemical method (JIS A 5308) and mineraJ,.ogical experiments have
been carried out on main rock forming minerals and rocks. The results indicate
that dissolved silica (SC) of the minerals are fixed by their silica content,
thenrodynamic instability, arrount of non-bridging oxygen, crystallinity and
grain size, and reduction in alkalinity (Rc) by presence of expanding clay min
erals and grain size. Thus, reactivity of rocks are roughly derived from mineral
assenblages and grain size of the rocks.

1. INTRODUCTION

Alkali reactivity of rocks is very complicated, because the rocks are c0m

posed of many kinds of minerals and mineral assenblages of the rocks are quite
various by each rock. Then, to understand the alkali reactivity of the rocks,
\\e determined reactivity of main rock forming minerals and rocks by the chemical
method. Mineralogical investigations for the results of the chemical method
\\ere perfoITTed. As the results, dissolved silica and reduction in alkalinity
could be interpreted mineralogically. An outline of this paper was previously
reported (1)( 2 ) .

2.ALKALI REACTIVITY OF MINERALS

2.1 SC and Rc of minerals

Alkali reactivity of main rock forming minerals \\ere determined by the
chemical method (JIS A 5308:rrodified method of AS'IM C 289). The results of the
chemical method \\ere represented by dissolved silica (Sc) and reduction in alka
linity (Rc). By which values , reactivity of sample is divided into "innocuous",
"potentially deleterious" and "deleterious". In this paper, samples which are
plotted in the deleterious and potentially deleterious regions are considered
to have alkali reactivity.

_________ . fig.l, sI:1QWE>c:list:r:ibllt:iQn of Sc and Rc of the minerals. These minerals are
divided into t~ groups. Q1e has the very low Rc and the wide range of Sc (group
A). The other has high SC and Rc (group B).

2.2 Mineralogical factor to determine Sc

In group A, felsic minerals have higher Sc than mafic minerals. This sug
gests that chemical composition determines Sc value. Sc is roughly correlated
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Fig.3 Correlation of Sc versus
crystallinity for quartz.
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Fig.2 Correlation of Si02 versus SC
for the minerals. Si02 content was
analyzed by wet process. The syrrbols
are the sane as the Fig.I.

Fig.1 Plots of Sc versus Rc for the
minerals. Boundaries were based on
AS'IM. Felsic min., A: quartz , B:cris
tobalite, C: tridymite, D:opal, E:K
feldspar, F1,2:plagioclase, G:muscovite,
Mafic min., H: hornblende , I:enstatite,
J:augite: Glasses, K: obsidian , L:pylex
glass, M:perlite: Clay min., N:lOOnt
IOOrillonite. Data of B, C are from
Kusakabe et al. (9).

higher

with silica content of the miner
als as shown in Fig. 2. In these
minerals, cristobalite, tridymite
and rrafic minerals do not indicate
correlation. Silica content of
cristobalite and tridymite are
the sane as that of quartz, never
theless the Sc are much higher
than the Sc of quartz. This very
high Sc is attributed to their
thermodynamic instability. The
rrafic minerals have the lowest
Sc, but their silica content are
higher than muscovite. The cause
of their low Sc is attributed to
their basicity. Mafic minerals
~'re weak base, because they contain
MgO, Cao, etc.. And they are not
easily dissolved by basic solu
tions such as NaOH.

In natural glasses, the Sc
of perlite (group B) is higher
than that of obsidian. Diaroond
(3). Nagashirra et al. (4) and Taki
naga et al. ( 5) describe that per
lite has large specific surface
because it is porous, so that it has
Sc than obsidian.

Glasses also indicate high
SC in group A. High Sc values of
glasses are related to their crys
tal structures. Glasses are com
posed of very irregular arrange
rrents of SiO.. frane\lOrks. 'Ihus,
glasses have little bridging oxygen
as compared with silicate minerals.
'Ib dissolve silica from rraterials,
SiO.. frane\lOrks must be broken
down at the bridging oxygen. Ac
cordingly, glasses can easily re
lease silica.

Cherts are IOOStly composed of quartz,
but Sc of cherts is very high as compared
with rock crystal (quartz). It is considered
that crystallinity and grain size of quartz
in. the c:h.e:rtsca.us~ this high Sc· fi.g·)

------shows the relationship between Sc and crys-
tallinity of quartz in the cherts. The crys
tallinity is derived from the Murata and
l'brrran's rrethod (6) (not using the scaling
factor in this paper) . It is clear that
the Sc correlates to the crystallinity.
Probably, low crystallinity quartz has a
bundant non-bridging oxygen, thus, it dis
solves easily in NaOH as well as the glass
es. Gogte (7) rrentions that rocks contain-
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ing strained quartz observed by optics are moder
ately reactive.

Grain size of minerals is also related to
Sc. Fig.4 shows relationships between crushed
grain size and Sc. They have a good correlation.
When, grain size becorres snall, specific surface
becorres large, the reaction nay be accelerated.
Also for this reason, quartz in the cherts shows
high SC (8)(9)(10)(11). (see Fig.6).

It is concluded that minerals which have
high SC are high silica content and/or therrro
dynamically unstable and/or abundant non-bridging
oxygen and/or low in crystallinity and/or snall
in grain size. Cristobalite, tridymite, opal,
glasses and fine grained quartz provide these
conditions.
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2.2 Mineralogical factors to detennine Rc

All the minerals belonging to group B have
high Rc. M::mtllOrillonite is one of the expanding
clay minerals, which perfo:r:rred ion exchange be
tween alkali and alkaline earth ions in solutions
and its interlayer cation. When IlOntrrorillonite
is .irmersed in NaOH solution, Na nay be absorbed
in IlOntllOrillonite. Nishizaki (12) reports that
Na content in a solution containing IlOntllOrillon
ite-bearing rocks is lower than in the solution
without such rocks. This indicates that Na in
solutions is absorbed in IlOntllOrillonite. By this
ion exchange, IlOntllOrillonite shows high Rc (see
Fig.8) •

Grain size of minerals is concerned with
Rc too. '!heir correlation is negative, as in the
case of Sc (Fig. 5) . Rc of perlite and opal are
high by their large specific surface. Probably,
IlOntrrorillonite-bearing rocks have large specific
surface and this is another cause of their high
Rc.

3. ALKALI REACTIVITY OF ROCKS

3.1 Mineral__~~enpla~s of rocks and their alkali
_______________ reactivity

Fig.4 Relations between
Sc versus grain size
(2).
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Fig.5 Relations between
Rc versus grain size
(2) •

---J
It is considered that Sc and Rc of rocks can be calculated from Sc, Rc

and grain size of constituent minerals. calculated Sc and Rc are derived from
weighing the rrean of Sc and Rc of constituent minerals (2). But this nethod
is applied only when Sc of constituent minerals are similar to each other. If
a high Sc mineral is contained in a rock, observed Sc is higher than calculated
Sc. However, SC and Rc of rocks are provided from the mineral asserrblages and
grain sizes of minerals.

3.2 Alkali reactivity of rocks
-521-
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Fig.7 Correlation of Sc versus cris
tobalite and lor tridymite content of
the volcanic rocks. Content of the min
erals were roughly determined by X-ray
diffractaretry.
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Fig.6 Plots of Sc versus Rc for the
rocks.

In this section, we discuss the relationships between alkali reactivity
and mineral asserrblages of the rocks by each rock type. Fig. 6 shows plots of
Sc and Rc by rock type.

Pultonic rocks do not have high Sc minerals, and their grain sizes are
large. Thus, they are not reactive.

Parts of volcanic rocks cOIlta.in C::J:":i.::rtQi::>q.lUe, tJ:":i.dymite,glassesandlIDnt
IIDrillonite. Their Sc and Rc indicate various values. MJstly, Sc of cristobalite
and/or tridymite and/or glasses containing rocks are higher than 100 m 1ID1/1
(Fig. 7). If IIDntiIDrillonite is born in rocks, Rc is higher than 150 m IIDl/l
( Fig.8 ). If IIDntlIDrillonite is not born in these rocks, Rc nay be low. I

I·
MJst rretaIIDrphic rocks do not have high Sc minerals. Hence, IIDst rocks

are not reactive. 'I\\u samples belonging to quartz schist have reactivity, be
cause they are originally cherts.
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Fig.8 Relationships Sc and Hc versus pres
ence of rrontrrorillonite in the volcanic
rocks.
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Fig. 9 Correlation of Sc versus
grain size for the cherts.

Sc and Rc of sedi.rrentary rocks 400r;::::=::::::=====:;-,"~~~-)~T~~1
have a very wide range. In sedi.rrentary II,o'~'~;:';'~~6ms.. . I. . a)
rocks, rrost cherts are reactive, because _ II ~ : ::::=~::::::=Ingl
quartz in cherts have low crystallinity 0 'I.

(Fig.3) and fine grain size (Fig.9). ~200 :. -~.
Other reactive sedi.rrentary rocks" have u ". ~.:. /·_09~;~~J.i··
chalcedony and quartz which is the same 0: .: • : ' • .rr------.- '.·000° °
as in cherts. .....~:~. . .
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3.3 Relationships bet~en Sc, Rc and
rrotar bar expansion

As shown in Fig.10, the results
of the chemical method (SC, Rc) and
expansion of rrortar bar have good corre
lation by rock type. Ho~ver, expansion
of rrost rocks belonging to the potenti
ally deleterious are over 0.1% per 6
rronths. This cause is mineralogically
considered in that the Rc of the these
rocks is apparently high, because they
contain rrontrrorillonite.
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Fig.10 Diagrams showing relations
be~en Sc and Rc versus rrortar
bar expansion. a) volcanic rocks,
b) sedi.rrentary rocks.

4.CONCLUSIONS

Sc and Rc of rock forming minerals are detennined by mineralogical factors.
High Sc is brought by high silica content, themodynamic instability, a large

------------arroumt6fn6n=brIdging6xygen; lOw crystallinity and small grain "si.ze"'llarge
specific surface). Crystobalite, tridymite, opal and glasses provide these con
ditions. Ion exchange properties of clay minerals and small grain sizes carry
out high Rc. Reactivity of a rock is roughly known from its constituent mineral
assemblages and grain size.

In volcanic rocks, Sc and Rc are detennined by the presence of cristobal
ite, tridymite, glasses and rrontrrorillonite (Fig .11a). Whereas in sedi.rrentary
rocks, reactivity is mainly fixed by crystallinity and grain size -of quartz
in rocks (Fig .11b) .
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Fig.11 Correlations of Sc and Rc versus mineralogical conditions.
a) Volcanic rocks. Ability to determine Sc of tridymite is the sane
as cristobalite. The shaded area is transitional zone. b) Sedirren
tary rocks.

Sc, Rc and expansion of rrortar bar have a good correlation. Then, \\e can
predict reactivity (Sc, Rc and rrortar bar expansion) of rocks by mineralogical
data of the rocks.
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