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ABSTRACT: Basaltic rocks have been widely used in several countries of South America for major 
engineering projects, such as the hydroelectric dam “Yacyretá”, built on the Paraná River, between 
 Argentina and Paraguay. Moreover, basalts are very abundant in the Patagonia and participate in impor-
tant amounts in most coarse and fine aggregates (gravel and sand). However, there are engineering works 
where important damage has been detected as result of the alkali-silica reaction.

The aim of  this work is to study basalt quarries located in the NE of  Argentina to identify deleteri-
ous species, mainly fresh and devitrified volcanic glass, expansive clays and residual cryptocrystalline 
silica.

Petrographical studies on thin sections and X-ray diffraction were made and the results obtained were 
compared with the behavior of these aggregates in structures in service and with standard test meth-
ods (accelerated mortar bar method, ASTM 1260 and dissolved silica determined according to chemical 
method, ASTM C289) studied in previous works.

Both  engineering works were constructed on the 
fluvial valley of the Paraná River. Also, most of 
the urban pavements and national and provincial 
roads, such as the National Road 127 are con-
structed with these materials. It should be noticed 
that this road is deteriorated as result of  alkali-
 silica reaction development (Maiza et al. 2010).

These rocks are suitable for use as aggregates 
in concrete due to their physical and mechanical 
properties. However, there are some engineering 
works where important damage has been detected 
as result of alkali-silica reaction due to the pres-
ence of volcanic glass (fresh and devitrified) and 
cryptocrystalline silica (e.g. Shayan & Quick 1988, 
Marfil & Maiza 2001, Marfil et al. 2010).

In previous studies, performance of basaltic 
rocks (textures, mineral associations, alteration 

1 INTRODUCTION

Basalt flows from Chacoparanaense basin cover 
more than 1.200.000 Km2 including Argentina, 
Brazil, Paraguay and Uruguay. Thickness ranges 
between 800 and 1000 meters reaching, in some 
areas, 1930 meters where more than 10 flows can 
be recognized (Fili et al. 1998). This material is 
exploited in several quarries in the provinces of 
Misiones, Corrientes and Entre Ríos (Argentina).

The aggregates obtained from the exploitation 
of basaltic layers were used in the construction of 
Yacyretá dam, one of the most important national 
hydroelectric works, located in the limit zone 
Argentina—Paraguay and in the  inter-provincial 
bridge Gral. Manuel Belgrano that joins 
 Corrientes and Resistencia cities (Argentina). 
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products, and geological ages) from different 
provinces of Argentina used as concrete aggregates 
was studied. To this end, standardized tests were 
used to assess the alkali-silica reactivity: acceler-
ated mortar bar method (ASTM C 1260), mor-
tar bar test (ASTM C 227), chemical test method 
(ASTM C 289) and petrographic test (ASTM 
C295)  (Marfil et al. 1996). Although some rocks 
present an innocuous behavior, most of them show 
expansions in the mortar bars that greatly exceed 
the threshold values set by current regulations. 
Variations in the same flow were also found. This 
leads to study the causes of the different perform-
ances of basaltic rocks based on petrographical 
studies and X-Ray Diffraction (XRD) specially 
when flows have thicknesses such as those of the 
Chacoparanaense basin.

The aim of this work is to study the petrographic 
characteristics of basalt quarries located in the NE 
of Argentina to identify deleterious species, mainly 
fresh and devitrified volcanic glass, expansive clays 
and residual cryptocrystalline silica.

2 MATERIALS AND METHODS

2.1 Materials

The present work shows the results of stud-
ies conducted on materials from 3 quarries, 
two of which are located in Curuzú Cuatiá city 
( province of  Corrientes) and the third one in the 
city of  Concordia (province of Entre Ríos) in the 
 Mesopotamia, Argentina (Fig. 1).

The study area, within Paraná and Chacopara-
naense sedimentary basins, shows outcrops in 
Piramboia and Botucatú formations, Serra Geral 
basalts and their clastic intercalation of  concordant 

quartzitic sandstone (interbedded), indicating 
different stages of effusion and sedimentation 
(Almeida 1986, Teruggi 1970, Cortelezzi & Gómez 
1965).

The basalts are tholeitic with fine-grained tex-
ture, although they can seldom be porphyritic. 
Basalt rocks are dark grey to black in color (Upper 
Jurassic—Lower Cretacic inferior) (Turner et al. 
1994, Fili et al. 1998).

Open-pit mining is carried out before the elimi-
nation of the surface layers of soil (1 to 3 m thick). 
The rock is drilled using bits and blasting to obtain 
blocks of 0.25 to 1 m in the quarry front. The rock 
blocks are then transported and crushed generat-
ing different sizes of aggregates to be used in con-
crete (Torra 1997).

Samples of active quarry fronts and gathering 
material were taken. Figure 2 shows one of the 
quarry fronts.

2.2 Methods

Petrographical, textural and mineralogical studies 
were carried out. An Olympus B2-UMA trinocular 
petrographic microscope with a built-in Sony 151A 
video camera and Image-Pro Plus image process-
ing software were used. Mineralogical identifica-
tion of clay minerals was determined by XRD, 
using a Rigaku D-Max III X-ray diffractometer set 
at 35 Kv and 15 mA, with CuKα radiation (wave-
length of 1.54060 Å) and a graphite monochroma-
tor in the secondary diffracted beam to remove 
CuKβ radiation. Diffractograms from 3º to 34.96° 
2θ, in 0.04º 2θ increments with 1 second counting 
time per increment were made.

To concentrate the clay minerals for their identi-
fication, a portion of the total rock was taken and 
ground using an agate mortar. The material ≤ 2 μm 
was separated by decantation. The obtained 
fraction was centrifuged and two samples were 

Figure 1. Location of the studied quarries. Figure 2. Curuzú Cuatiá 1 quarry front.
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 prepared on glass slides. They were then placed in 
distilled water and dispersed with ultrasound (at 
35 KHz/10 min).

The natural sample was irradiated and placed 
with ethylene glycol for 24 h. It was then re- 
irradiated for expansibility determination. The 
second sample was calcined at 500 ºC for 2 h.

3 RESULTS

3.1 Yeruá

The rock is a tholeitic basalt with intersertal tex-
ture although in part may be intergranular. It is 
composed of andesine phenocrystals with irregu-
lar borders where pyroxens (augite and titanifer-
ous augite) and opaque minerals are found. The 
volcanic glass (V) is altered to clay minerals (Cly) 
as observed in Figure 3. Reddish coloration of the 
rock is due to iron leaching.

3.2 Curuzú Cuatiá 1

The rock with irregular edges is composed of 
plagioclase phenocrysts, augite and titaniferous 
augite. The two pyroxens showed differential alter-
ation, mainly desferrization and  chloritization. 
These processes produce abundant opaque min-
erals, mainly iron oxides (hematite). In the inter-
 crystalline spaces, clay minerals from palagonite 
devitrification are identified. Apatite and iron 
and titanium minerals are abundant. Twinned 
andesine crystals as large as 1 mm with titanifer-
ous augite, contained in the crystalline interspaces 
are observed. These minerals are developed in a 
mass of plagioclase phenocrystals of similar com-
position, opaque minerals and augite grains with 

clay  minerals. The texture is pilotaxitic to intersertal 
though xenolites with granular texture composed 
of plagioclase and large crystals of monoclynic 
pyroxenes are frequently found.

The alteration process causes the precipitation 
of clays (nontronite) and cryptocrystalline silica. 
The rock has undergone feldspatization, detected 
by the presence of intergrown anhedral sanidine.

Nontronite, ferriferous saponite, chlorite and 
celadonite associated with cryptocrystalline silica 
(trydimite) were identified by XRD.

Figure 4 shows the rock texture and the pres-
ence of abundant clay minerals.

Figure 5 compares the diffraction patterns 
of the natural, glicolated and calcined (500 °C) 

Figure 3. Clay minerals (Cly) generated by devitrifica-
tion of palagonite (V) and contained between plagioclase 
phenocrysts (Pl), opaque minerals (Op) and augite (Aug). 
(With parallel light).

Figure 4. Texture of the rock from Curuzú Cuatiá 1 
quarry with parallel light. (Aug: augite; Op: opaque min-
erals; Cly: clay minerals; Pl: plagioclase).

Figure 5. Diffractograms of the natural, glicolated 
and calcined (at 500 °C) samples. The black arrow indi-
cates the shift of 001 reflection of the expansive clay. 
S:  Smectite, Sa: Sanidine, Aug: Augite, Pl: Plagioclase.
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 samples from Curuzú Cuatiá 1 quarry. The 001 
reflection of clay (15 Å) in the natural sample, is 
shifted at ∼17 Å with ethylene glycol and it disap-
pears when is calcined. This allows to confirm that 
it is an expansive clay belonging to the smectite 
group (with major coincidence with saponite).

3.3 Curuzú Cuatiá 2

The rock is composed of plagioclase phenocrystals 
(andesine) of irregular prismatic shape as a result 
of augite and titanipherous augite crystallization. 
The texture is intersertal. Iron and titanium oxides 
are abundant. Feldspar is weakly altered, mainly 
argillized.

The secondary minerals are commonly located 
in fractures and twin and cleavaje planes of 
 feldspars. Augite is chloritized and in some sectors 
closely associated with opaque minerals formed as 
result of augite alteration.

Intergranular zones occupied by glassy mate-
rial are frequently observed (Fig. 6). This process 
produces abundant clay minerals. Montmorillon-
ite, chlorite and a small amount of celadonite were 
determined by XRD. In other sectors isotrope 
material, (considered relictic from the original pal-
agonite) was observed. Apatite is abundant.

3.4 Discussion

Earlier studies assessed the potential reactivity of 
these rocks with reference to the alkali-silica reac-
tion using standardized methods such as ASTM 
C1260 and ASTM C289 (Marfil et al. 2010).

The results in Table 1 show that expansion at 
16 days greatly exceeds the threshold values set 
by the standards (0.20%), therefore, the  materials 
should be classified as potentially reactive. 

 Dissolved silica content is also high, being able to 
react with the alkalis in the concrete and to develop 
deleterious reactions.

Considering the petrographic characteristics of 
the studied rocks, the main source of soluble silica 
is volcanic glass and cryptocrystalline silica (tri-
dymite) caused by glass alteration. The presence 
of expansive clays can contribute to increase the 
expansion values in the accelerated mortar bar test 
method.

The relationship between expansion and the 
content of clays and volcanic glass was studied in 
a previous work (Rocco et al. 2012). To this end, 
samples of crushed basalt impregnated in epoxy 
resins were used to obtain a representative sample 
of the aggregate processed at the quarry.

The study was made on thin sections. The par-
ticles observed in the field of the microscope were 
counted and the percentage of glass and clay was 
determined. The procedure was repeated 5 times 
(in 5 fields) using magnification ×50 and 5 more 
times with ×100 magnification. Determinations 
were averaged out on the 10 fields. Table 2 shows 
the obtained results.

Volcanic glass content and clay minerals greatly 
correlate with dissolved silica and with the expan-
sion measured in the mortar bars.

The correlation increases when volcanic glass 
(%) + clay minerals are plotted, therefore clay 
minerals are considered to contribute to the 
expansion.

Although all the studied rocks are classified 
as potentially reactive with respect to the ASR, 
they are the only available aggregates in a wide 
region of Argentina and the use of higher-quality 

Figure 6. Texture of the rock from Curuzú Cuatiá 2, 
with parallel light. (Aug: augite; Op: opaque minerals; 
Cly: clay minerals; Pl: plagioclase).

Table 1. Expansion in mortar bars (accelerated method) 
and dissolved silica (Marfil et al. 2010).

Quarry
Dissolved silica
(mg/100 mL)

Expansion at 
16 days (%)

Yeruá 49.3 0.503

Curuzú Cuatiá 1 43.9 0.452

Curuzú Cuatiá 2 49.2 0.425

Table 2. Percentage of glass and clay in sam-
ples of crushed basalt.

Sample
Volcanic glass
(%)

Clay mineral
(%)

1 1.5 2.0

2 0.2 4.0

3 2.4 2.8

4 2.5 2.2
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 aggregates is not economically workable due to the 
freight cost.

Most of the concrete used in pavements, roads, 
runways, bridges and important engineering con-
structions like Yacyretá dam, is made with these 
materials.

In previous works, deteriorated concretes elabo-
rated with basaltic aggregates were studied (Maiza 
et al. 2010). They constitute a section of National 
Road 127, pavements in Curuzú Cuatiá city (near 
the quarries) and a runway in Corrientes city. In all 
the concretes the aggregates used were those stud-
ied in the present work, which concluded that the 
major cause of deterioration was the development 
of ASR. The concretes showed severe cracking 
with development of neoformation materials (zeo-
lites, ettringite and amorphous and/or cryptocrys-
talline silica).

Considering the above mentioned data and that 
Yacyretá dam presents some sectors with incipient 
reaction processes, monitoring should be imple-
mented on site work to determine the damaged 
areas and to propose mitigation strategies.

However, not all concretes made with these 
materials have developed ASR. Some of them are 
in excellent conditions.

Three conditions are essential to ASR develop-
ment: alkalis, reactive silica and sufficient  moisture. 
If  one of these conditions is not present, the reac-
tion will not occur. Therefore, it is very important 
to evaluate the reactivity of these rocks before using 
them as aggregates, by taking preventive measures 
such as the use of puzzolanic materials.

4 CONCLUSIONS

• The petrographical study shows that all stud-
ied rocks are tholeitic basalts, with intersertal 
texture that contain abundant volcanic glass 
(palagonite) altered to clay minerals (montmo-
rillonite, celadonite, saponite and nontronite). 
Fresh relictic glass was also observed.

• The presence of cryptocrystalline silica (tri-
dymite) was identified as consequence of the 
alteration processes (devitrification).

• The results obtained indicate that basalts from 
the Curuzú Cuatiá and Yeruá quarries are 
potentially reactive with respect to the alkali-sil-
ica reaction due to the presence of volcanic glass 
(fresh and altered) and cryptocrystalline silica.

• The presence of expansive clays may contribute 
with the concrete expansion.

• These results correlate with the dissolved silica and 
the expansion in the mortar bars determined in 
previous works using standardized test methods.

• These rocks are widely found in the region 
and they are, in most cases, the only available 

 aggregates, so is necessary to take preventive 
measures to avoid the alkali-silica reaction 
development, such as the use of pozzolanic 
materials.
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