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abStract
Ye’elimite-larnite rocks in the Hatrurim formation of the Negev Desert, Israel, are natural analogs
of belite sulfoaluminate (BSA) cement clinkers. They have been produced by ultrahigh-temperature
combustion metamorphism at ambient pressure of a calcareous sedimentary precursor. Their mineralogy consists of 35–50 vol% -Ca2SiO4, 15–20 vol% ye’elimite, 7–15 vol% ferrites, and 15–20 vol%
3SiO5
2SiO4 have been ob-Ca2SiO4 polymorphs by EPMA are near Ca1.96–1.98Na0.01–0.02
Si0.96P0.03Al0.01O4
3.99Mg0.02Ba0.01
Na0.02K0.02Al5.73Fe3+
0.16Si0.10S0.97P0.02O16
2(Fe1–xAlx)2O5 ranges from x
= 0.20–0.27. Fe-analog of shulamitite (Ca3Fe2TiO8
2. Ye’elimite-larnite
Tmax at 1200–1350 °C.
The mineral content, microstructure, and texture/fabric of the ye’elimite-larnite rocks imply that chalky

as an environment-friendly alternative to ordinary Portland cement (OPC).
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introduction
Belite sulfoaluminate (BSA) cements are generally friendlier to the environment compared to ordinary Portland cements
2 emission by
for Ca2SiO4 polymorphs (Senff et al. 2011; Justnes 2012). (2)
1400–1450 °C in OPC) and thus reduced fuel demand for burning
beneficial for prevention of deleterious alkali-aggregate reaction
in concrete (Broekmans 2012). (4) Application of industrial

2012; Quillin 2001; Gartner 2004; Gartner and Li 2006; Cuberos
et al. 2010; Idrissi et al. 2010, 2012; Justnes 2012; Aranda et
al. 2013). These environmental aspects also bring additional

sition and performance of the product clinker constituents have
been discussed extensively in the literature, e.g., Gartner and Li
(2006), Idrissi et al. (2010, 2012), Martín-Sedeño et al. (2010),
Cuberos et al. (2010), and Pöllmann (2010, 2012), among many
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to be resolved comprise:
proportions of ye’elimite (Ca4Al6O12[SO4], or C4A3S in CAS
cement notation, see Bogue and Steinour 1961, and Table 1),
essential for early strength development in BSA concrete, and
2SiO4 and/or -Ca2SiO4 polymorphs (C2S in CAS notation)
delivering good long-term strength.
like, e.g., gehlenite (C2AS), sulfospurrite (C5S2S), spineloids
(MA), magnesioferrite (MF), and various F- and/or P-bearing
compounds notably fluorapatite, fluorellestadite, and cuspidine,
etc.

materials in and among clinker constituents.
The combined effect of multiple chemical elements on
crystalline clinker phase stability, melting point position, and
hydration behavior is very complicated and analytically challenging to unravel. Thus, clinker minerals are typically investigated
phases, for various compositions (Fukuda and Taguchi 1999;
Benarchid et al. 2004, 2005; Marinho and Glasser 1984; Fukuda
and Ando 2002).
Ye’elimite-larnite (YL) rocks studied here occur in the Negev
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