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Abstract—When the rock involved in the alkali-aggregate 
reaction (AAR) is volcanic, the matter present in the interstices of 
the grains, called mesostasis is considered responsible for the 
expansions. Mesostasis is a residue which consists of mineral 
phases rich in silica and alkalis (K and Na) and in optical 
microscopy looks like amorphous matter. By means of scanning 
electron microscopy (SEM) and with the aid of energy dispersive 
spectroscopy (EDS), the presence of well-crystallized mineral 
phases in mesostasis can be observed. The objective of this study 
was to evaluate the amount, the chemical composition and the 
degree of crystallinity of mesostasis on the reactive potentiality of 
volcanic rocks. 
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I. INTRODUCTION 

Mesostasis originates from the abrupt cooling of magma 
when volcanic rocks form. It consists of micro-to-
cryptocrystalline phases, which in optical microscopy look like 
amorphous matter and is often confused with volcanic glass. In 
an alkali-aggragate reaction with basic rocks being used, alkali-
reactive phases appear to be in mesostasis state. If acid rocks 
are used quartz is mainly responsible for the reaction. Alkali-
aggregate reaction develops when the silica present in 
aggregates reacts with the alkali hydroxides coming from 
cement. Using scanning electron microscopy, with the aid of 
EDS, the presence of small crystals of K-feldspar and quartz 
can be identified in this interstitial material [1]. There seems to 
be no direct relationship between the amount of 
microcrystalline, or amorphous matter present in the rocks and 
the expansions resulting from the alkali-aggregate reaction 
(AAR) [2]. A rock with hardly any mesostasis can represent 
expansions similar to other rock with a lot of mesotasis [3-5]. 
Quantifying the silica present in the mesostasis can explain this 
behavior. The objective of this work was to analyze the 
characteristics of the interstitial matter present in the mesostasis 
and to correlate with the expansions triggered by the AAR. 

II. EXPERIMENTAL PROGRAM 

A. Methods 
Characterizing and quantifying the mineral phases in the 

rocks studied, as well as characterizing the mesostasis, were 
conducted by petrographic analysis, along with modal analysis 

(point counting by area). X-ray diffraction (XRD) assisted in 
the mineralogical characterization of the samples, but mainly in 
identifying clay minerals by the non-oriented powder method 
[6]. For the chemical analysis of the samples, X-ray 
fluorescence (XRF) was employed. Scanning electron 
microscopy (SEM), along with energy dispersion spectroscopy 
(EDS), was used to analyze in greater depth the different 
features of mesostasis previously identified in petrographic 
analysis. For this analysis, the same 30μm-thick slides as in the 
petrographic analysis were used, and metalized with carbon. In 
order to quantify the alkali-reactive potential of each sample, 
the accelerated mortar bar test [7, 8] was used. 

B. Materials 
Two types of volcanic rocks were used in this study: a 

basalt (basic rock) and a rhyolite (acid rock). By using 
petrographic analysis, it was verified that the basalt has a fine 
granulation, consisting of plagioclase (44.1%), pyroxene 
(28.5%), opaque minerals (Fe and Ti oxides, 7.7%), clay 
minerals (5.8%) and mesostasis (13.8%). It was also possible to 
observe phenocrystals of plagioclase, pyroxene, Fe and Ti 
oxides and some traces of apatite and hematite. The XRD of 
this rock ratifies the mineralogy observed in the petrographic 
analysis and reveals the presence of quartz, indicating that there 
are grains that could not be identified with optical microscopy. 
In basalt, quartz is found in the interstitial mesostasis [9]. 
Figure 1 shows the diffractogram of a fraction smaller than 2 
μm in the oriented sample, thereby giving evidence of the clay 
minerals. The XRD of the sample in the natural form shows the 
presence of a peak around 15 Å, which moves to the left 
(position 16.5 Å) in the glycolated condition and disappears 
after calcination, a characteristic behavior of expansive, 
smectite clay minerals [10, 11]. These clay minerals can 
contribute to AAR occurring in concrete, both because of the 
expansibility and the possibility of reaction with the alkali 
hydroxides. The XRF analysis (Table I) shows that the basalt 
has a high amount of silica: 54.04%, which is common to 
tholeitic basalts [12]. This percentage corresponds mainly to 
the silica needed to form the main minerals of the rock, which 
are the plagioclases and pyroxenes. The 'free silica' (quartz), 
which is more prone to react, corresponds to a smaller 
percentage present in the mesostasis [13].  By using the 
petrographic analysis, with the help of the XRD, it was verified 
that the rhyolite consists of K-feldspar (1.2%), quartz (5.8%), 
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plagioclase (8.9%), pyroxene (7.8%), Ti-magnetite (9.4%), and 
mesostasis (15.2%), and contains traces of apatite, hematite and 
clay minerals (smectite - Figure 2). Its granulation is fine and 
the intergranular mesostasis can be microcrystalline or filled 
with automorphic crystals of quartz and K-feldspars, this being 
more abundant in the vesicular levels. The XRF showed that 
rhyolite consists of 67.98% of silica. This silica represents the 
quartz of the matrix of the rock and also the grains in the 
microcrystalline form in the mesostasis. The percentage of K2O 
and Na2O in the rhyolite sample is higher than in basalt, 
emphasis being given to K2O, due to the more expressive 
presence of K-feldspar in this rock. The presence of these 
constituents may increase the alkali hydroxides in the pores of 
the concrete if there is dissolution. Thus, the rhyolitic sample 
could contribute both to the dissolution of silica and to the 
dissolution of alkalis. 

 

 
Fig. 1.  Diffractogram of the clay minerals present in basalt 

 

 
Fig. 2.  Diffractogram of clay minerals present in rhyolite 

TABLE I.  CHEMICAL COMPOSITION OF THE ROCKS 

Compound 
Results 

Basalt Rhyolite 
SiO2 54.04 67.98 
Al2O3 16.71 11.75 
TiO2 0.94 1.15 

Fe2O3 (total) 10.33 7.32 
MnO 0.18 0.12 
MgO 4.81 0.74 
CaO 9.22 2.38 
Na2O 1.73 1.89 
K2O 1.39 4.15 
P2O5 0.14 0.18 

Loss to fire 0.70 1.01 
TOTAL 100.21 98.68 

III. RESULTS AND DISCUSSION 

A. Interstitial Matter Analysis 
The reactivity of the volcanic rocks comes from the 

interstitial material of low crystallinity: volcanic glass and/or 
mesostasis [14-16]. After characterizing the rocks selected for 
the study (item II), the mesostasis analysis was conducted. The 
first finding, obtained by the petrographic analysis, was the 
presence of different types of mesostasis in the same rock: 
microcrystalline mesostasis; mesostasis with better crystalized 
grains; mesostasis with predominance of clay minerals. The 
name microcrystalline mesostasis was given to the matter of 
low crystallinity, rich in silica and alkalis, and accompanied by 
small grains of hematite and needles of apatite, since optical 
microscopy cannot individualize grains of quartz or feldspar. 
The mesostasis with better crystalized grains is the one where 
there is dissemination of quartz grains that can be visualized in 
optical microscopy, associated to the matter that consists of 
feldspar, clay minerals and apatites. The mesostasis with 
predominance of clay minerals is the one formed by 
cryptocrystalline quartz-feldspar matter accompanied by an 
abundant amount of clay minerals, which form well-developed 
aggregates, with fibro-radiated forms, of greenish color, the 
smectites (XRD confirming this). Table II presents the 
percentages of each type of mesostasis in both rocks. The 
features observed, under petrographic analysis are shown in 
Figure 3. 

TABLE II.  ROCK MESOSTASIS PERCENTAGE 

Mesostasis Type 
Sample 

Basalt Rhyolite 
Mesostasis with predominance of clay minerals 3.00 0.20 

Microcrystalline mesostasis 7.00 10.00 
Mesostasis with better crystallized grains 0.25 5.00 

TOTAL 10.25 15.20 

 
On comparing the texture of the samples (Figure 4), it can 

be seen that regions of the rhyolite have higher mesostasis 
concentrations, very often distributed radially. In the basalt, the 
mesostasis are completely disseminated among the grains. The 
chemical and mineralogical composition of the different 
mesostasis identified is also distinct, and may directly influence 
the potential of the expansion due to the AAR. Then, using 
optical microscopy, regions were selected for analysis by using 
SEM and EDS. Figure 5 shows a basalt region containing 
mesostasis with clay minerals. This image, obtained by SEM, 
of the relief of the region containing clay materials shows that 
they are different from the other minerals present (Figure 5(c)). 
While the plagioclases and pyroxenes present a flat aspect, the 
clay minerals show scaling. This aspect is due to their lamellar 
shape and their very small size, which makes it difficult to 
polish the lamina used for the analysis. The clay minerals 
contribute to the AAR due to silica and alkalis easily dissolving 
[17, 18]. The EDS analysis presented in Figure 5(d) confirms 
the presence of these clay minerals in the mesostasis, since the 
main constituents of the clays are Na, K, Ca, Al, Mg, Si [19]. 

In order to explore the specific region of the mesostais in 
greater detail and to verify the possible presence of quartz 
micrograins in this region, a chemical elements mapping which 
could characterize clay minerals and quartz was carried out. In 
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this case, the mapped elements were Si, Ca, K, Fe (Figure 6, 
which is an enlarged mesostasis region shown in Figure 5). The 
analysis showed that there are regions in the mesostasis with 
clay minerals that are rich in Si (Figure 6(b)). In these regions, 
the amount of K, Ca and Fe is lower (Figure 6(c), 6(d) and 

6(e)). On comparing the Si and K maps, it is observed that 
when there is a higher concentration of Si, the concentration of 
K decreases, that is, even when it contains predominantly clay 
minerals, microcrystalline quartz occurs. 

 

  
(a) (b) (c) 

Fig. 3.  Micrographs of the mesostasis of the basalt and rhyolite samples, where Mm=microcrystalline mesostasis, Mq=best crystallized mesostasis, Q=matrix 
quartz, QMq=quartz of the mesostasis, Ma=mesostasis with clay minerals. (a) Mm, natural light, (b) Mq, cross polarized, (c) Ma, natural light. Magnification 20x. 

 

(a) (b) 
Fig. 4.  Texture of the samples, where M=mesastasis. (a) basalt, (b) rhyolite. 2.5x magnification, natural light. 

 

Fig. 5.  Mesostasis with clay minerals of the basalt, where Pl=plagioclase, Px=pyroxene, Ma=mesostasis with clay minerals. (a) and (b) micrographs obtained by 
light microscopy under natural light and crossed polarizer, magnification 20x, (c) micrograph obtained by SEM, 250x, (d) analysis by using EDS. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 6.  Mapping of the chemical elements in a region containing mesostasis with clay minerals of basalt. (a) micrograph of the region of analysis, 2000x 
magnification, (b) concentration of Si, (c) concentration of K, (d) concentration of Ca, (e) concentration of Fe. 

 
Figure 7 shows, in the images obtained from SEM, that the 

texture of the microcrystalline mesostasis is very 
homogeneous, unlike what was observed in the mesostasis with 
clay minerals. The differentiation between the mesostasis and 
the other minerals was made because of the difference of 
tonality, since the microcrystalline mesostasis forms a darker 
region (Figure 7(c)). On using EDS analysis (Figure 7(d)), only 
Si was identified in the region where the microcrystalline 
mesostasis is located. This findings show that the mesostasis 
characterized as microcrystalline basically consists of 

microcrystalline quartz, unlike what was identified in the 
mesostasis with clay minerals. The analysis conducted by 
mapping the chemical elements corroborates this statement, 
since there is a great concentration of Si (Figure 9(b)). Another 
observation is the absence of clay minerals, evidenced by the 
low concentration of Ca (Figure 9(d)) [17]. The elements K, 
Ca, and Fe are found only in well crystallized minerals, in the 
plagioclase (K, Ca) and in pyroxene (Ca, Fe) [20, 21]. The 
quartz present in the microcrystalline mesostasis is smaller than 
1 μm, as shown in the analysis presented in Figure 8. 

  
(a) (b) (c) (d) 
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(a) (b) (c) (d) 
Fig. 7.  Microcrystalline mesostasis of the basalt, where Pl=plagioclase, Px=pyroxene, Mm= microcrystalline mesostasis. (a) and (b) micrographs obtained by 
light microscopy under natural light and crossed polarizer, magnification 20x, (c) micrograph obtained by SEM, 250x, (d) analysis by using EDS. 

 

   
(a) (b) (c) 

Fig. 8.  Analysis by SEM and EDS in the region containing the microcrystalline mesostasis in basalt, where Q=Quartz, Pl=plagioclase. (a) micrograph of the 
region of analysis, magnification 5000x, (b) quartz, (c) plagioclase. 

 

    
(a) (b) (c) (d) (e) 

Fig. 9.  Mapping of the chemical elements in the region containing microcrystalline mesostasis of basalt. (a) micrograph of the region of analysis, 
magnification 500x, (b) concentration of Si, (c) concentration of K, (d) concentration of Ca, (e) concentration of Fe. 

 

(a) (b) (c) (d) 
Fig. 10.  Region containing mesostasis of greatest crystallinity, where Q=quartz, Mc=best crystallized mesostasis, Pl=plagioclase, Px=pyroxene. (a) micrograph 
obtained by optical microscopy under cross polarizer, 10x magnification, (b) micrograph obtained using SEM, 150x, (c) quartz of the mesastasis, (d) plagioclase. 

 

  
(a) (b) (c) (d) (e) 

Fig. 11.  Mapping of the chemical elements in a region with mesostasis containing quartz grains in the rhyolite. (a) micrograph of the region of analysis, 
magnification 500x, (b) concentration of Si, (c) concentration of K, (d) concentration of Ca, (e) concentration of Fe. 

 

Figure 10 shows that the texture of mesostasis of greatest 
crystallinity, in SEM is homogeneous, similar to that observed 
in the microcrystalline mesostasis (Figure 10(b)). However, 
small grains of quartz were observed in the mesostasis (Figure 
10(a)), which was confirmed by EDS (Figure 10(c)). The 
mapping of the chemical elements was carried out in a region 

of the best crystallized mesostasis. As in the other mappings 
presented, the identification of the presence of Si coincided 
with the absence of other elements (K, Ca and Fe), indicating 
that this region consists of micrograins of quartz. 
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B.  Analysis of the Potential of Development of AAR 
Figure 12 shows the expansions over time in the accelerated 

mortar bar test [6, 7]. It is observed that both are potentially 
reactive, in accordance with the classification of ASTM C 
1260, which establishes that an aggregate is potentially reactive 
when the expansions are superior to 0.10% at 30 days. The 
basalt resulted in 26% higher expansions at the end of the test, 
even though it had a smaller amount of mesostasis than 
rhyolite. An important distinction between the mesostasis is 
their distribution on the rocks. While in basalt, they are 
disseminated among the grains, in rhyolite it is common to find 
regions with larger concentrations, where it is distributed 
radially. This may be an indication that the dissemination of the 
mesostasis among the minerals (as for basalt) increases its 
reaction potential with alkaline hydroxides due to the more 
uniform availability of material and ease of dissolution. There 
is also a great difference between the quantities of mesostasis 
with clay minerals of the rocks, where rhyolite has a very small 
amount. When there is a predominance of clay minerals, the 
amount of free silica (quartz) available to react is lower. 
However, the ease of making both silica and alkalis 
(constituents of clay minerals) soluble makes them important 
for enhancing AAR. Apparently the best crystallized 
mesostasis does not interfere with the intensity of the reaction. 
The fact of the grains being better crystallized hinders the 
attack of alkaline hydroxides. 
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Fig. 12.  Accelerated mortar bar test 

IV. CONCLUSIONS 

At the end of the research it was verified that the interstitial 
matter present in the volcanic rocks can be very heterogeneous. 
In the rocks selected, three types of mesostasis were 
differentiated, namely: microcrystalline mesostasis which is 
rich in microcrystalline quartz grains, identifiable only by using 
SEM and EDS, mesostasis with predominance of clay 
minerals, and the best crystallized mesostasis, where the quartz 
present in the interstitial material can be identified by optical 
microscopy. According to the results of the expansion assay, 
the presence of microcrystalline mesostasis between the grains 
of the rock, as well as mesostasis with clay minerals increases 
its potential for expansion due to the AAR. It was also verified 
that the amount of mesostasis is not a preponderant factor for 
the intensity of expansion resulting from the reaction. 
According to the obtained results, the constitution of the 

mesostasis and its distribution in the rock are the main 
characteristics that potentiate the reactivity of a volcanic rock. 
However, a larger number of samples needs to be analyzed in 
order to confirm these conclusions. 
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