Muzeul Olteniei Craiova. Oltenia. Studii i comunicari. Stiinfele Naturii. Tom. 35, No. 2/2019 ISSN 1454-6914

BLUE QUARTZ AROUND THE GLOBE

PANTIA Adrian-lTulian, FILIUTA Andra-Elena

Abstract. Blue quartz occurs in a variety of geological settings worldwide and its colour is often produced through the Rayleigh
scattering of light off nanometre size mineral inclusions with uncertain identity. Despite this fact, dedicated mineralogical studies on
the topic are few and most references mention only the location and inferred causes for the blue colour. The literature consulted for
this paper suggests an occurrence pattern consisting mainly of continent-continent collision type zones, with some exceptions owed
to local geological particularities. The majority of magmatic, metamorphic and even hydrothermal occurrences are located in zones
which underwent upper amphibolitic — granulitic facies conditions and outline the Grenville, Variscan, Pan-African, Ross orogens
and others. A link between the causes of the coloration and the geological conditions is also apparent, in the sense that rutile and
ilmenite inclusions are most often cited as the colouring agents of magmatic and metamorphic blue quartz, while the hydrothermal
variety presumably owes its colour to various mineral or fluid inclusions. The correlation between gold and uranium deposits and
blue quartz is also mentioned by various authors. Although a significant number of papers mention the connection between high
grade metamorphism and blue quartz at a local or regional scale, the present paper is probably the first to approach the topic at a
global scale. The blue quartz occurrence of the Albesti granite, Arges County, Romania, an occurrence unknown in the geological
literature on blue quartz, is also brought into attention.
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Rezumat. Cuartul albastru de pe cuprinsul globului. Cuartul albastru apare intr-o varietate de contexte geologice pe tot
cuprinsul globului, iar culoarea sa este deseori generata de dispersia Rayleigh a luminii de catre incluziuni minerale nanometrice cu
identitate incerta. In ciuda acestui fapt, studiile mineralogice dedicate subiectului sunt putine, iar majoritatea referintelor mentioneaza
doar localizarea sau cauzele presupuse ale culorii albastre. Literatura de specialitate consultata pentru realizarea acestei lucrari
sugereazd un tipar de ocurentda constituit mai ales din zone de coliziune de tip continent-continent, cu unele exceptii datorate
particularitatilor geologice locale. Majoritatea ocurentelor magmatice, metamorfice si chiar hidrotermale sunt localizate in zone care
au suferit conditii de facies amfibolitic superior - granulitic si care contureaza orogenurile Grenville, Varisc, Pan-African, Ross si
altele. O legatura intre cauzele coloratiei albastre si conditiile geologie este de asemenea aparenta in sensul ca incluziunile de rutil si
ilmenit sunt cel mai des citate drept agenti de colorare a cuartului albastru magmatic si metamorfic, In timp ce despre varietatea
hidrotermald se presupune cé si-ar datora culoarea diferitelor incluziuni minerale si fluide. Corelatia dintre zdcamintele de aur si
uraniu si cuartul albastru hidrotermal este si ea mentionatd de diferiti autori. Cu toate ca un numar semnificativ de lucrari
mentioneazd legatura dintre metamorfismul de grad ridicat si cuartul albastru pe plan local sau regional, lucrarea de fata este probabil
prima care abordeaza tema la scard globald. Este adusa in atentie si ocurenta de cuart albastru din granitul de Albesti, judetul Arges,
Romania, o ocurentd practic necunoscuta in literatura geologica cu privire la cuartul albastru.

Cuvinte cheie: cuart albastru, rutil, granulitic, Albesti.

INTRODUCTION

Of all the various coloured varieties of quartz, most of which are nothing more than reflections of local
physical and chemical conditions, certain blue varieties have the potential of becoming an indicator for regional
metamorphic/tectonic conditions and even a marker for Au and U mineralisations. By comparison to regular quartz, the
blue variety has a larger number of submicron and nanometre size mineral inclusions, is usually enriched in Ti (100-300
ppm) and formed at temperatures ranging between 700-900°C, according to SEIFERT et al. (2011). Geological
literature mentions, on many occasions, the opalescent character of blue quartz crystals (POLDERVAART (1966),
HAEBERLIN et al. (2002), JAYARAMAN (1939), NOCKOLDS (1931), LOVE et al. (2010), WHEELER et al. (2010)
and others) and a colour zoning, as reported by MULLER et al. (2012), BARKER & BURMESTER (1970),
ZOLENSKY et al. (1988), SEIFERT et al. (2011) and HEINRICH (2014). However, most references only provide brief
descriptions or information with respect to location, with a few notable exceptions which deal with or comment on blue
quartz occurrences, such as POLDERVAART (1966), SEIFERT et al. (2011), O'BRIEN et al. (2015), ELLIOT (1994);
BAILEY & GIBSON (2004), JAYARAMAN (1939), SOLARI et al. (2003), MULLER et al. (2012), BEA et al. (2007),
WHEELER et al. (2010), DEL GRECO et al. (2016), NAVIDAD & CASTINEIRAS (2011), FERNANDEZ et al.
(2008), HADLEY & GOLDSCHMIDT (1963), FURCRON et al. (1947), ZOLENSKY et al. (1988), HEINRICH
(2014), WISE (1981), ESPENSHADE & POTTER (1960) and HERZ & FORCE (1987).

Despite the lack of centralised data, by consulting a significant volume of literature, the present paper aims to
summarize the causes of the coloration and the scale and pattern of the global distribution. It will also bring to attention
the blue quartz occurrences from the Albesti granite, Arges County, Romania, occurrence which is nonexistent from the
standpoint of the available international geological papers.
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CAUSES FOR THE COLORATION

The coloration of the blue quartz crystals is attributed to one of the following reasons: coloration owed to blue
mineral inclusions such as dumortierite, aerinite or magnesio-riebeckite and coloration caused by the Rayleigh type
scattering of light by submicron inclusions, referenced in JAYARAMAN (1939), SOLARI et al. (2003), BARKER &
BURMESTER (1970), ZOLENSKY et al. (1988), HEINRICH (2014), WISE (1981), HERZ & FORCE (1987) and
ROSS (1943). This paper refers to the latter category because of its potential geological and economic significance.

In minerals, Rayleigh scattering, the elastic scattering of light, is produced by nanometre size inclusions. It is
the same type of scattering that causes the blue colour of clear daytime sky. The colour is only visible in reflected light,
because only short wavelengths are scattered, while long wavelength radiation is transmitted (this is why at dawn and
dusk the sky is reddish-orange). The intensity of the blue colour is dependent on particle size, spatial density and the
brightness of the background (the darker the background, the more intense the colour). The apparent brightness of the
background can be affected by the degree of fracturing or grain size. In the case of the Albesti granite, the colour of the
quartz grains appears deeper when observed over a dark background, such as biotite. However, when fractured quartz
crystals or clusters of millimetre size grains are observed, the blue colour seems to have a lighter hue. Fracture planes or
grain boundaries represent discontinuities which reflect some of the light and thus act as secondary light sources. In this
case, the observed colour is a combination of the blue colour in reflected light mixed with a small amount of the
reddish-orange colour from the transmitted light passing from the discontinuity surface to the observer.

The most cited inclusions in blue quartz are rutile needles - SHERATON et al. (1987), O'BRIEN et al. (2015),
SEIFERT et al. (2011), JAYARAMAN (1939), NOCKOLDS (1931), SOLARI et al. (2003), MULLER et al. (2012), BEA et
al. (2007), GILLULY (1933), BARKER & BURMESTER (1970), HEINRICH (2014); THOMPSON et al., (1993), WISE
(1981), ESPENSHADE & POTTER (1960), HERZ & FORCE (1987), ROSS (1943) and PARKER (1962). Another
frequently cited type of inclusions is represented by ilmenite plates - SEIFERT et al. (2011), SOLARI et al. (2003), MULLER
et al. (2012), WISE (1981) and ROSS (1943). Other inclusions are biotite - SEIFERT et al. (2011), NOCKOLDS (1931),
MULLER et al. (2012) and HEINRICH (2014), graphite - O'BRIEN et al. (2015), SEIFERT et al. (2011) and PARKER
(1962), tourmaline - SEIFERT et al., (2011), MULLER et al., (2012), BARKER & BURMESTER (1970), WISE (1981) and
PARKER (1962), zircon - BARKER & BURMESTER (1970) and ZOLENSKY et al., (1988), apatite - ZOLENSKY et al.,
(1988), WISE (1981) and ROSS (1943) and magnetite - WISE (1981) and PARKER (1962). Fluid inclusions are in a class of
their own, in the sense that they are yet to be clearly identified as the cause for the blue coloration and represent only a
theoretical possibility. Still, their association with blue coloured quartz crystals is cited by NOCKOLDS (1931), ANDERSEN
etal. (1990), ZOLENSKY et al. (1988) and PARKER (1962).

The issue becomes more complicated when certain varieties are heated. POLDERVAART (1966) and
JAYARAMAN (1939) report blue quartz occurrences which lost their colour when heated to 950°C and 300°C,
respectively, despite the fact that their mineral inclusions did not change size, thus still satisfying the dimensional
requirements for Rayleigh scattering. This phenomenon suggests the existence of more than one colouring agent within
the same crystal, possibly a temperature sensitive phase such as fluid inclusions.

METAMORPHIC GRADE

The literature reviewed for the purpose of this paper has consistently shown the presence of two metamorphic grades
related to blue quartz occurrences: amphibolitic - MUNSKSGAARD et al. (1992), VALVERDE-VAQUERO & DUNNING
(2000), BARTH et al. (2008), HADLEY & GOLDSCHMIDT (1963), THOMPSON et al. (1993) and granulitic -
SHERATON et al. (1983), MUNSKSGAARD et al. (1992), O'BRIEN et al. (2015), DUBE et al. (1995), SOLARI et al.
(2003), ANDERSEN et al. (1990), LOVE et al. (2010), BARTH et al. (2008), HERZ & FORCE (1987) and others; overall,
the granulitic conditions are by far the most cited. The mechanisms by which high grade metamorphic conditions favour the
appearance of light scattering inclusions is still unclear, although exsolution during the retrograde phase appears to be the most
popular explanation. Later medium to high grade metamorphic events may lead to a loss of colour, as is the case with parts of
the Ollo de Sapo Formation, Spain. This does not mean that blue quartz does not occur in the absence of metamorphism. The
most famous example comes from the rhyolite (llanite) of Llano, Texas, which hosts the most, and arguably the best studied
blue quartz occurrence. Microscopic investigations carried out by the authors on thin sections of five different blue quartz
occurrences have shown the Llano variety as being the only one with no undulate extinction. Also, unlike the other four
occurrences, the crystal edges are sharp and euhedral and the bulk of the grains are inclusion free under the petrographic
microscope. Just as in the case of heat sensitive blue quartz, this shows that there is no single answer to the blue quartz
question. However, the Llano occurrence is an exception not only in terms of metamorphism, but also in the general pattern of
global blue quartz distribution.

GOLD AND URANIUM

Although also associated with Sn, Sb and W — HAEBERLIN et al. (2002) and FILHO (1984), in terms of
economically important mineralisations, blue quartz is more frequently associated with Au - HAEBERLIN et al. (2002),
CASSIDY et al. (1998), DUBE et al. (1995), LEWRY et al. (1978), FRIEDMAN et al. (2014) SAHOO &
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VENKATESH (2014) and U - FILHO (1984), MARUEJOL et al. (1987) and MARQUIS et al. (1990). This variety of
blue quartz appears to be hydrothermal in nature and therefore it is not necessarily indicative of high grade
metamorphism associated with continental collisions, even though it fits the global distribution pattern. In the absence
of relevant studies on hydrothermal blue quartz, it is impossible to assess the connection between the blue colour and
host rock composition. However, it is reasonable to assume a combination of fluid and mineral inclusions capable of
scattering light. Future studies on hydrothermal blue quartz from Rio delle Ossa, Italy, available to the authors, may
shed some light on this potentially economically significant quartz variety (Fig. 1).

P\
Figure 1. World map showing blue quartz occurrences. The black dots represent magmatic/metamorphic blue quartz, blue dots represent
hydrothermal blue quartz associated with Au and U deposits and the red contours represent shield units. Notice the relationship between blue
quartz occurrences, shield units and orogenic belts. Modified after https://mapswire.com/world/physical-maps/.

GLOBAL DISTRIBUTION

After consulting a significant volume of papers reporting blue quartz, a number of 245 occurrences have been
located, which outline a pattern consistent with the large-scale geological features of each respective continent. Figure 1
presents the distribution of the blue quartz occurrences identified up to this point. It is worth noting that most
occurrences outline orogenic belts linked to supercontinent building events from various geological periods or border
shield units. In North America, most locations outline the southern limit of the Canadian Shield, the Trans-Hudson and
Grenville orogens. South American locations represent granitic intrusions in the Andes, Guianan and Brazilian shields.
In Africa, the occurrences are concentrated in the Trans-Sahara Belt to the West, the East Africa Orogen and
Mozambique and Zambezi Belts to the East and in the northern part of the Kalahari craton in the South. In Europe, the
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locations outline the Variscan front, through Spain, France, Germany, the Czech Republic, Poland and possibly
Romania, and the Irish, Scottish and Scandinavian Caledonides in northern Europe, outlining the Baltic Shield. In Asia,
blue quartz has been reported in the Altai Mountains, Mongolia and the Tian Shan Mountains, northern China, at the
extremity of the Sino-Korean Shield, but the majority of occurrences are reported in the charnockites of the
metamorphic terrane of southern India, part of the larger Indian Shield. In Australia, the occurrences border the Yilgarn
craton to the West, are contained within the Early Proterozoic Orogens of central Australia and the Paleozoic New
England and Lachlan orogens to the East. Antarctic blue quartz is located along the Transantarctic Mountains, the Tula
and Prince Charles Mountains and the shoreline of Ingrid Christensen Coast, bordering the Antarctic Shield.

In terms of age, the occurrences range between 2.7 Ga in the Canadian Shield, to 1.2 Ga in the Grenville Belt
and 490 Ma in the Variscan Front (even though the rocks are older than the Variscan orogeny, they were overprinted by
the metamorphic events associated with it).

If the observed pattern is correct and the metamorphic conditions generated during continental collisions are
responsible for the blue coloration of quartz grains, there is the theoretical possibility that Alpine blue quartz also exists.
If this is the case, the metamorphic terrains of the appropriate age would be the best place to look for them.

THE BLUE QUARTZ OF THE ALBESTI GRANITE

The Albesti granite (Fig. 2) is Early Ordovician in age and formed by crustal anatexis. It underwent a medium
temperature and medium to high pressure metamorphic episode and is now hosted by the Leaota crystalline formations
(South Carpathians). It is peraluminous-calc-alkaline in character and its normative CIPW composition plots in the
monzogranite field, close to the monzonite. Just like other European granites and gneisses of comparable age and
metamorphic history (Ollo de Sapo gneiss in Spain, Cevennes gneiss of the French Central Massif and the Rumburk
granite of Germany, to name a few), its most striking characteristic is the blue quartz.

Figure 2. Four representative samples of Albesti granite with clearly noticeable blue quartz grains.

Preliminary investigations performed on samples collected from the Valea Caselor Valley, Dragoslavele,
Arges County, Romania, have shown a chromatic behaviour compatible with Rayleigh scattering and thermal
sensitivity with regards to colour. The quartz grains have an opalescent appearance, present a colour zoning and show
plenty of mineral and secondary microscopic fluid inclusions (although too large in size to produce light scattering).
Albesti granite samples are currently under investigation in an attempt to establish the identity of the scattering agent
responsible for the blue colour.

CONCLUSIONS

Despite its apparent simplicity, blue quartz proves to be a mineralogical challenge. The difficulties in studying
it arise from the variety of inclusions, their nanometre size, the possibility of multiple causes and the wide geological
spectra of occurrence. Also, quartz is not necessarily the most exciting mineral to study and is often dismissed by
mineralogists even though, because of its wide spectre of inclusions, ionic diversity and variety of occurrence, it
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potentially holds an important geological and geochemical record. However, not all quartz occurrences are
characteristic or insightful in any significant way, but blue quartz has a rather particular characteristic which could
potentially be correlated with specific geological processes or geochemical features.

While the causes for the blue coloration and the geological conditions of occurrence are, apparently, too many
to allow a model with global significance, a review of the body of geological literature points to the fact that some
features are much more frequently cited than others: most inclusions can be narrowed down to ilmenite, rutile and fluid
inclusions; the host rocks, which cover a wide range of compositions and emplacement environments, have high grade
metamorphic conditions as a common feature. On the other hand, some occurrences may indeed reflect particular
geochemical conditions, as suggested by ZOLENSKY et al. (1988) in the case of the Llano blue quartz.

When placed on a world map, the blue quartz occurrences plot within the major ancient orogenic belts or
border cratonic units, in full agreement with the metamorphic requirements of most blue quartzes. There are
occurrences that do not fit the pattern and could be the result of local geochemical/geological conditions, but the general
observed trend points to a coherent and mostly predictable distribution. There is also the issue of the geological origin
of the colour. While metamorphic, and most of the times magmatic blue quartz can be consistently linked to major
collisional events, hydrothermal blue quartz has a wider range of occurrence, although it appears to prefer shear zones
associated with cratonic edges, as suggested by the abundant literature on the Canadian Shield blue quartz.

The geological significance of blue quartz is still poorly understood, especially when referring to the
metamorphic variety, which is the largest in both spatial extent and number of occurrences. However, there is the
potential for blue quartz to become a telltale mineral for specific metamorphic and geochemical conditions, provided
that sufficient statistically significant occurrences are thoroughly studied. Also, because of the association with Au and
U deposits, blue quartz may shed new light on ore formation and aid prospecting endeavours.

Understanding the causes and conditions of formation will allow the assessment of the actual geological and
economical importance of blue quartz and will shed light on a largely unknown and ignored worldwide natural process.
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