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First glass: Formation of silicate in 
the early universe 
By S. K. Sundaram

Silicate glass—the basis of the world’s most commer-

cially important glasses—fi rst formed more than 

7 billion years ago.

C
re

d
it:

 B
B

C
 T

w
o,

 T
he

 O
p

en
 U

ni
ve

rs
ity

 (C
C

 B
Y

-N
C

-S
A

 4
.0

)

1 SECOND
The Large Hadron 
Collider at CERN is 
recreating the 
conditions that 
prevailed a fraction 
of a second after the 
Big Bang.

300,000 YEARS
We can detect radiation 
from the early formation 
of the Universe back as 
far as this point. Before 
this, the Universe is 
opaque: it’s as if a veil 
has been pulled over it.

A FEW HUNDRED MILLION YEARS
Matter clumps together under its own gravity forming the first protogalaxies and 
within them, the first stars.
Stars are nuclear furnaces in which heavier elements such as carbon, oxygen, silicon 
and iron are formed. Massive stars exploding as supernovae create even heavier 
elements. Such explosions send material into space ready to be incorporated into 
future generations of stars and planets.

10 BILLION YEARS
The first life appears on 
Earth in the form of simple 
cells. Impacting comets and 
asteroids might have 
contributed organic 
molecules to Earth. Life 
spreads across the globe.

THE BEGINNING
The Universe begins 13.7 
billion years ago with an event 
known as the Big Bang.
Both time and space are 
created in this event.

100 – 1000 
SECONDS
Nuclei of hydrogen, 
helium, lithium and 
other light elements 
form.

9 BILLION YEARS
The Sun, along with its eight 
planets, and all the 
asteroids, comets and 
Kuiper Belt objects, such as 
Pluto, form from the debris 
left behind by earlier 
generations of stars.

A FEW BILLION YEARS
Initially, the expansion of the Universe decelerated – but a 
few billion years after the Big Bang, the expansion began to 
accelerate. The acceleration is caused by a mysterious 
force known as ‘dark energy’, the nature of which is 
completely unknown.

20 BILLION YEARS
In a few billion years the Sun’s outer layers 
will expand as it turns into a Red Giant star. 
Life on Earth will become impossible.
Expansion of the Universe will continue to 
accelerate.

FUTURETODAYUNOBSERVABLE UNIVERSE (PAST) POTENTIALLY OBSERVABLE UNIVERSE (PAST)
10100 YEARS
Stars no longer form; matter is trapped in 
black holes or dead stars. Protons decay  
and black holes evaporate, leaving the 
Universe to its ultimate fate as cold, dead, 
empty space, containing only radiation, which 
itself too will eventually disperse.

FRACTION OF  
A SECOND
Rapid expansion occurs 
during a billionth of a 
billionth of a billionth of a 
billionth of a second – the 
visible Universe is the size 
of a grapefruit.

13.7 BILLION YEARS
This is where we are today. Using our own 
ingenuity, humanity is probing the depths of the 
Universe and trying to unravel its mysteries, 
from our tiny, home planet, Earth. The visible 
Universe contains billions of galaxies, each 
comprising billions of stars. Within our own 
Galaxy, hundreds of exoplanets have been 
discovered orbiting other stars.
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Stargazing LIVE is a BBC and Open University co-production. Credit: Photography sourced from NASA.

Melting of silicate glasses dates to about 
6000 BCE, while evidence of glass 

tools dates to 10000 BCE.1 However, geological 
glasses that formed by impact and other processes 
are much older, for example, Libyan Desert glasses 
are about 28.5 million years old.2

Chondrules are some of the oldest known examples of geological 
glasses. These small, spherical, glass-rich inclusions are found in chon-
drites, i.e., stones from meteorites.3 The glass matrix contains several 
minerals, namely olivines and pyroxenes, along with metals and sul-
fides made of magnesium, iron, calcium, and nickel.4 Silica content of 
these glassy matrices varies over 40–85 wt.%. Chondrules are 
4,567.32 ± 0.42 to 4,564.71 ± 0.30 million years old.5 Chondrites 
also have other inclusions rich in calcium and aluminum condensed 
4,567.30 ± 0.16 million years ago. These time scales, which are sup-
ported by uranium isotopic measurements, closely match with the esti-
mated age of our solar system. 

While cauldrons in the cosmos continue to reveal complex chemis-
tries,6 the exact origin of glasses remains an exciting puzzle. To deter-
mine when and where the very first glass was birthed in the universe, 
we need to go back in time to the Big Bang, look closely, and follow the 
timeline of expansion of the universe and nucleosynthesis processes. 

Figure 1. The Big Bang and expansion of the universe versus time. Photography sourced from NASA.
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Doing so will allow us to determine 
when chemical elements, particularly oxy-
gen and silicon, formed and interacted 
to form silica tetrahedra, the building 
block of silicate glasses and rock-forming 
minerals that remain in abundance in 
the earth’s crust even today. That will 
perhaps help us in defining the very 
moment the first glass was born.

The Big Bang and slow birth of 
the universe

The Big Bang occurred about 14 bil-
lion years ago. As of 2018, astronomers 
estimated the age of the universe at 
13.787 ± 0.020 billion years. Figure 1 
shows an overview of the Big Bang, the 
universe, its expansion, and timeline. 
In the span of about 13.8 billion years, 
one can observe evolution of hierarchi-
cal structures on all scales encompassing 
nuclei, elements, galaxies, and planets in 
the universe.

Though the first atom formed about 
300,000 years after the Big Bang, it took 
a few hundred million years before oxy-
gen and silicon atoms formed and a few 
more billion years before other heavy 
elements came into existence in the solar 
system. After about 9 billion years, the 
sun, the planets, asteroids, comets, and 
other objects formed out of debris left 
behind by earlier generations of stars. 
The first sign of life was not until about 
10 billion years after the Big Bang.

Stellar births result from the collapse 
of small condensation areas scattered 
throughout large molecular clouds in the 
galactic disks. As the core becomes hot-
ter, the star can start “burning,” thus pro-
ducing energy through nuclear fusion via 
stellar nucleosynthesis.8 Initial mass of 
the star dictates whether it continues to 
burn or dies. If the star weighs less than 
about 8 solar masses (M⦿), it will burn 
helium and become unstable, ending up 
as white dwarfs, which contain carbon 
and oxygen produced by helium burning. 
The solar mass M⦿ is a standard unit of 
mass, equal to about 2 × 1030 kg, to show 
the masses of stars and other objects.

If a star weighs more than about 8 M⦿, 
the burning will continue with carbon, 
neon, oxygen, and silicon as fuels, lead-
ing to formation of heavier nuclei. As 
the outer shell is a cooler and not dense 

region, the burning 
happens with a spe-
cific shell chemical 
composition. With 
hydrogen burning, 
for example, hydro-
gen burns into 
helium forming the 
outer shell. The 
process continues 
sequentially at inter-
faces of carbon, 
oxygen, neon, and silicon burning shells. 
This process leads to formation of an 
onion-like, presupernova structure illus-
trated in Figure 2. The most important 
reaction during the oxygen burning pro-
cess, i.e., 16O + 16O  → 28Si + 4He, occurs 
at about 2 × 109 K. When the silicon 
burning begins, the final stage at about 
5 × 109 K produces a series of reactions 
starting with the photodisintegration of 
28Si: 28Si + g  → 24Mg + 4He. Then, the 
4He continues to produce heavier nuclei 
via successive capture reactions. Heavy 
elements settle into layers.

Elemental oxygen and silicon come 
into contact for the first time during 
their burning cycles. At the stage of 
silicon burning, equilibrium ratios of all 
nuclear products up to 56Fe is reached 
and energy production ceases, an event 

called the “iron catastrophe.” Beyond 
that, neutron capture processes will be 
required to produce elements heavier 
than iron. The stars of mass greater than 
8 M⦿ become supernovas. Explosive 
burning continues, leading to formation 
of other elements. Table 1 shows a sum-
mary of stellar nucleosynthesis for a large 
star of 15 M⦿.9

Nucleosynthesis and abundance 
of elements 

The earliest history of the universe 
involved primordial nucleosynthesis of 
the nuclei of the light elements. After 
the Big Bang’s short inflationary period, 
there was a hot soup of particles at a 
temperature of about 1015 K. Within 
a millisecond, the universe cooled to a 
few trillion degrees (1012 K). The hot 

  Table 1. Summary of stellar nucleosynthesis and evolutionary time scales  
	 for a 15 M⦿ star. Adapted from Reference 9. Credit: Longair, Cambridge University Press

	 Burning stage	 Products	 Time scale	 Temperature	 Density  
				    (109 K)	 (gm cm–3)

	 Hydrogen	 He, N, Na	 11 million years	 0.035	 5.8

	 Helium	 C, O	 2 million years	 0.18	 1390

	 Carbon	 Ne, Na, Mg, Al	 2,000 years	 0.81	 2.8 × 105

	 Neon	 O, Mg, Al	 0.7 year	 1.6	 1.2 × 107

	 Oxygen	 Si, S, Ar, Ca	 2.6 years	 1.9	 8.8 × 106

	 Silicon	 Fe, Ni, Cr, Ti	 18 days	 3.3	 4.8 × 107

	 Iron core collapse	 Neutron star	 1 second	 >7.1	 >7.3 × 109
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Figure 2. Massive star with onion-like structure. 
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plasma was composed of many particles including neutrons, 
protons, electrons, and photons. As the universe cooled to a 
billion kelvins (109 K), deuterium (2H) formed followed by 4He 
via fusion. Additional reactions between protons, neutrons, 
3He, and 4He led to production of 7Li. On further cooling, the 
rate of nucleosynthesis slowed down significantly. Within the 
first three minutes,7 the primordial process ended with two 
elements, 75% hydrogen and 25% helium, and the universe 
was left with trace amounts of 2H, 3He, 4He, and 7Li for a few 
hundred million years. All other naturally occurring elements 
were created through stellar evolution and explosions, i.e., stel-
lar nucleosynthesis.

A recent review paper captures a high-level view of when 
and how nucleosynthesis produced naturally occurring ele-
ments, as shown in Figure 3.10 Out of all primordial elements, 
predominantly 75% hydrogen and 25% helium and trace ele-
ments, only 2% were consumed since the Big Bang to produce 
all naturally occurring elements in the periodic table.

Figure 4 shows the abundance of these elements in Earth’s 
crust. Note the number of atoms is normalized to silicon and 
all rock-forming elements that are abundant in the crust. As 
the Earth’s core is hotter, various elements formed and settled, 
leaving distinguishable lithophilic (rock forming) elements in 
the crust and siderophilic (metal-rich) elements in the bulk. 
Dense elements such as iron and nickel settled down closer to 
the core. Light materials such as silica partitioned in the crust. 
This settling had a significant impact on current geographic 
distribution and availability of these elements.

Presolar materials
Pre-solar system (presolar) grains range in size from nano- to 

micrometers. They contain many high-temperature minerals 
and amorphous phases. Some silica and silicate minerals (e.g., 
olivine, pyroxene) have been identified. These grains formed 
in many different environments, including explosive deaths 
of supernovae several billions of years before the solar system 
formed, thus challenging the current estimate for age of the 
oldest chondrule glasses at about 4.6 billion years.

Since the discovery of presolar silicate grains in the 2000s, 
hundreds more have been identified and reported in the 
literature.12 Two supernova silica grains in some chondrites 
reported in 2013 were interpreted to result from condensation 
of silica dust in supernova ejecta, which cooled rapidly under 
nonequilibrium conditions.13 The authors attribute formation 
of these grains to reactions over time during star formation. 
These observations are supported by oxygen isotopic measure-
ments, Auger spectroscopy, transmission electron microscopy, 
and surface characterization using nanoscale secondary ion 
mass spectrometry (NanoSIMS) data.

Several large presolar silicon carbide grains from a meteorite 
were reported in 2020.14 These grains were exposed to cosmic 
rays several million to a few billion years before the existence 
of the solar system. The authors hypothesized these grains 
condensed less than 4.9 billion years ago due to an event of 
enhanced star formation, which happened about 7 billion years 
ago, forming many more stars than normal at that time. 

In 2021, several presolar silicate and oxide grains in chon-
drites found in northwest Africa that condensed in different 
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Figure 3. Nucleosynthesis and elements in our solar system. Each element is color-coded by the relative contribution of nucleosynthe-
sis sources, scaled to the time of solar system formation.10 Reprinted with permission.

http://www.ceramics.org


29American Ceramic Society Bulletin, Vol. 101, No. 6   |   www.ceramics.org

stellar environments were reported.15 The relative difference 
in element distribution from silicates and silica along the fine-
grained chondrule rims are due to preferential destruction of 
silicates due to terrestrial weathering. Isotopic measurements, 
NanoSIMS, scanning electron microscopy, and mapping of 
magnesium iron and silicon confirmed these observations. 
SEM and maps are shown in Figure 5. The dashed turquoise 
line shown in the figure marks the outer boundary of the rims 
in the sample. Scale bars shown on the images mark 500 μm.

Conclusion
Determining when and where the very first glass was birthed 

is complex as one needs to connect various nucleosynthesis 
processes happening in elementary particles, nuclei, stars, and 
galaxies over billions of years to reach an estimate. Considering 
that the earliest contact between oxygen and silicon was a few 
hundred million years to a billion years after the Big Bang and 
that presolar grains made of amorphous silica, silicates, and 
other phases condensed out under various stellar formation 
conditions, the oldest glasses were evidently billions of years 
older than the start of our solar system. While the universe 
continues to reveal and surprise, the birth of the first silicate 
glass was likely at least 7 billion years ago.
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Figure 4. Abundance of elements in Earth’s crust.11 
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Figure 5. SEM backscattered image and elemental maps of a 
chondrule sample.15 Reprinted with permission.
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