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Table 5-E~5. Boron ill grotJilir rorks (Analytical method: S) 

Rock type Locality Number Range Average Reference 
of ana­
lyses ppmB ppmB 

GraJl;fe 

Granite Brocken, Harz 3 11-18 13 HARDER (1959) 
(Germany) 

Granite Bracken, Harz 7 ll-{iO HARDER (1959) 
(roof area) (Germany) 

Granite Schierke, Harz 1 48 HARDER (1959) 
(Germany) 

Granite OberpIalzec Wald 2 12-20 16 fuRDER (unpub­
(Germany) lisbed) 

Granite Oberpfalzer Wald 6 7-9 8 HARDER (unpub­
(coofarea) (Germany) fished) 

Granite Saxcnia, Thuringia 12 4---'35 HARDER (1959) 
Vosges (Europe) 

Granite Alps etc. (Europe) 7 0.7-7 3 HARDER (1959) 

Granite Odenwald, Bayer. Wald. 14 HARDER. (1959) 
(composite Fichrelgebirge, 
of 14) Schwarzwald, Saxonia, 

Vosges, Silesia (Europe) 

Granite France, Yugoslavia, 18 2.5--40 HARDER (1959) 
Portugal, Norway 

Granite Lapland (Finland) 2 1-3 2 SAHAMA (1945) 

Rapakiwi Finland 6 SAHAMA (1945) 
granite 
(composite) 

Granite Sweden 2 3-50 LANDERGREN (1945) 

Granite West Scotland 3 1-8 NOCKOLDS and 
MrrGHEL (1948) 

Granite South Africa 40 <20-150 15 WASSERSTEIN 

(1951) 

Granite Cape (South Africa) 34 20-240 KOLBE (1966) 

Granite Bitu-Dzhida, Siberia 22 39 KOSALS and 
(U.S.S.R.) MAzUIlOV (1968) 

Leuco Bieu-Dzhida, Siberia 14 30 K05AL5 and 
granite (U.S.S.R.) MAZUROV (1968) 

Aplite Bitu-Dzhida, Siberia 23 22 KOSALS and 
granite (U.S.S.R.) MAZUROV (1968) 

Tcurtnalin- Turkestan (U.S.S.R.) 16 430-2,000900 DUSMATOV elo/. 
ized granite (1972) 

Graniee Turkestan (U.S.S.R.) 27 <10-245 80 DUSMATOV ef 0/. 
(1972) 

Granite, Shamakcrskii Massif 8 0.3-----7 1.4 LYAKHOVICH (1965) 
gneisse (U.S.S.R.) 
(tourmaline­
free) 
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Table 5-E-5 (continued) 

Rock type Locality Number Range Average Reference 
of ana­
lyses ppmB ppmB 

Granite Siberia (U.S.S.R.) 40 RUB (1964) 
(composite) 

Granite U.S.S.R. 20 0-19 8 STAVROV and KHI­
nov (1960) 

Granite Hida Mountain (Japan) 135 0-32 7 OKADA (1956) 

Granite Kitakami Mr. (japan) 15 7-160 34 OKADA (1956) 

Granite Palaeozoic, Japan 26 0-31 11 KURODA (1955) 

Granite Mesozoic, Japan 21 0-25 8 KURODA (1955) 
(>300) (22) 

Granite Tertiary, Japan 7 0-31 15 KURDDA (1955) 

Hybride Japan 56 3-250 32 KURODA (1955) 
granite 

Gneiss Japan 13 3-'<;2 32 KURODA (1955) 
granite 

Granite Canada 40-300 BOYLE (1959) 

Granire Rhodc Island (U.S.A.) 1.2 HARDER (1959) 
(G-1 scan­ 1.5 SHIMA (1962) 
dard) 1.7 FLANAGAN 

(1973) 

Greisens eu: 

Mica-topas Europe 6 4-10 HARDER (1959a) 
greiscn 

Lithium Cornwall (England) 1 150 HARDER (1959a) 
greisen 

Tin grcisen Siberia (U.S.S.R.) 30 1--470 200 LYAKHOVICH 
(1965) 

Tin greisen Siberia (U.S.S.R.) up to RUB (1964) 
6,000 

Greisen 1,300 HARDER (1959a) 
(composite 
of 24) 

Tourmaline up to HARDER (1959a) 
grelsen 5%BP3 

Pegmatite Canada 20Q-2.000 BOYLE (1959) 
granite 

Granodiorite 

Granodiorire 7 7-87 9 HARDER (1959) 

0 Granodiorite Monte -Capanne, Elba 
(Italy) 

20 5-280 50 TONANI (1957) 
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Table 5-E-~ (continued) 

Rock type Locality Number Range Average Reference 
of ana­
lyses ppmB ppmB 

Granodiorite Giglio (Italy) 20 10-200 25 TONAN'1 (1957) 

Aplite Giglio (It:L1y) 8 500-2,500 550 TONANI (1957) 

Granodiorite Canada 2 20-40 30 BOYLE (1959) 

Granodiorite, Shamakorskii Massif, 5 0.3-15 3 LYAKHOVICH 

partLy gneis Siberia (U.S.S.R.) (1965) 

Granodiorite Urals (U.s.S.R.) 3 12-25 17 DUNAEV (1959) 

Granodiorite U.S.S.R. 15 6-95 20 Srxvxov and 
KHITROV (1960) 

Granodiorite Sori, Gumma-Ken 1 5 and 7 6 CHAMP and IKEDA 

(standard (japan) in ANDO el al. 
JG-I) (1971) 

Tentative avenges; Granite 12 ppm B, granodiorite 15 ppm B. 

Table 5-E-6. Boron in mintral fractions of gramlie Tocks.fro,,, Brocktll. Harz MOlultail/J (Gtr­
many). a: Granite. poor in tourmaline (17 ppm B). b: Granite, rich in tourmaline (46 ppm B) 
(Analytical method: S) 

Mineral Mineral-
content 
in% 

ppm Bin 
mineral 

% of B as fraetiori 
of total rock boron 
in :1. given minerai 

a b 

Plagioclase 
Potassiumfeldspar 
Biotite +chlorite 
Quartz 
Tourmaline 

14 
52 
5 

29 
a 0.00006 
b 0.05 

100 
15 
2 
I 

10% B203 

63 
35 
0.5 
1.3 
0.1 

37 
21 
0.3 
O.B 

41 

granites. Plagioclase (perhaps intergrown with sericite) contains about 80% of the 
total boron of granodiorites. Numerous high baton values from rocks from Elba 
(Italy) are reported by TONAN! (1957). A tentative mean value of granodiorites 
(15 ppm B) is slightly higher tban that ofgranites (12 ppm B). Loss of boron during 
metamorphism could explain the low content of granites from the Alps and from 
Scandinavia; however, this is in contradiction to the observation that granitic 
gneisses ofJapan are higher in boron than non-metamorphic granites (OKADA, 1956; 
KURODA, 1955). 

Salle volcanic rocks and volcanic glasses (Table 5-E-7) are higher in boron than 
granitic rock types (HARDER, 1959a). The most important boron host proved to be 
volcanic glass (TADE(JCCI, 1964), and the following boron contents in rock fractions r 

i 
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Table 5-E·7. Boron rrJI/tmt ill Jalir vrJkanir roeiu. (Analytical method: S) 

Rock type Locality	 Number Range Average Reference 
of ana­
lyses ppmB ppmB 

Rhyolite Europe	 20 1--650 HARDER (1959a) 

Liparire Sardinia 23	 HARDER (1959a) 
(2 composites	 Hungary 
of 20) 

Rhyolite ere. Siberia (U.S.S.R.) 87 6-165 24	 SUKHORUKOV er al. 
(1964) 

Silicic tuff Siberia (U.S.S.R.) 45 5-120 26	 SUKHORUKOV et al. 
(1964) 

Rhyolite dacite New Zealand 2 11-20 _16	 ELLIS (1963) 

Obsidian New Zealand 2 25-50 _38	 ELLIS (1963) 

Obsidian Europe	 10 5-155 HARDER (1959a) 

Obsidian Iceland, U.S.A., 73 HARDER (1959a) 
(composite of 8) Lipari (Italy) 

Volcanics	 Colli Albani 18 37-292 77 TADDEUCCI (1964) 
(Italy) 

Pozzolan Colli Albani 10 <10-134 TADDEUCCI (1964) 
, (Italy), 

Pozzolan	 Cimino Apparato 35 <10-1,500 TADOEUCCI (1964) 
di Vieo (Iealy) 

Lava and tuffs	 Cimino Apparato 70 <10-950 TADOEUCCI (1964) 
di Vieo (Italy) 

Obsidian	 Lipari, Vesuvius 5 <10-200 TADDEUCCI (1964) 
etc. (Italy) 

Silicic lava Siberia (U.S.S.R.) 155 7.5-36 16	 OTROSHCHENKO 
t/ et. (1969) 

Tentative average: Salie volcanic rocks 30 ppm B. 

from Monte Cimino, Italy, were reported: glass, 420 ppm B; plagioclase, 29 ppm B; 
sanidine, 10 ppm B; biotite, 33 ppm B; pyroxene, 46 ppm B, Lavas and tuffs from 
salic volcanic aetivity have similar boron contents but often tuffs are slightly higher 
in boron. A relationship between mercury and boron in various igneous rock types 
has been mentioned by BULKIN (1965). 

VI. Terrestrial Boron Distribution 
The geochemistry of boron is characterized by an abnormally large range of 

variation in common rocks (more than three orders of magnitude). This is due to 
the volatility of boron and makes the computation of representative means for mantle 
and crust extremely difficult. The boron content in the mantle can be estimated using 
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a model of ordinary chondrites (about 1 ppm B) or of carbonaceous chondrites 
(about 7 ppm B) (see Table 5-C-1). The latter figure is close to a tentative mean for 
ultramafic rocks, but for volatile elements the selection of the model is difficult. 
The anomalously higb concentrations of boron in kimberlite may be an indicator for 
degassing of the mantle (see Subsection 5-E-1). 

The boron content of the oceanic crust (about a quarter of the mass of tbe total 
crust) may be similar to the mean value of basaltic rocks of 5 ppm B (see Sub­
section 5-E-II). Tbe average boron abundance in the upper continental crust has been 
calculated in Table 5-E-8 as being 13 ppm B. The lower crust is mainly composed of 
metamorphic rocks. Gneisses and schists generally have lower boron contents than 
tbeir magmatic or sedimentary equivalents of comparable cbemical eornposition (see 
Sections -R and M). 10 ppm B ma.y be a probable boron value for the continental 
crust, and the boron content in the crust is about one order of magnitude above that 
of the mantle. However, only 5% of the total terrestrial boron probably occurs in 
the crust. 

Table 5-E~8. Boron ablmda/lu of111agmalic r-O&ks in tbe Ilf1per continental crust 

Abundance: of Boron abundance Boron fraction 
rock type: in rock class relative to 
(in percent) ppm rock abundance 

Granite etc. 44 12 5.3 
Granodiorite etc. 42 15 6.3 
Gabbro etc. 13 B 1.04 

Abundance in magmatic rocks: 13 ppm 

Rm..d man-mpt ~".d: Dc:o:ml:cr 197] 
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Fig. 5-0-1. The cycleof boron according to data published by LANDERGREN (1945), HARDER 
(1960, 1961a), and GREGOR (1965)/\
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and other refractory bcrides are resistant to heat. corrosion and abrasion. Zirconium 
boride Ius been tested for use in jets and rocket nozzles. The use of boron as a 
deoxidizer in the metallurgy of copper is also important. Boron is a hard element and 
forms hard compounds such as BN with a diamond structure, boron carbide (B",q. 
and boron silicide (B"Si). They are nearly as hard or harder (boron carbide) than 
diamond and are used as abrasives etc. B",Si and BN are stable under high temperature 
oxidizing conditions. Perbcrates serve as materials for washing and as disinfectants, 
Because of its mild antiseptic and detergent properties it may he an ingredient of 
soaps, cosmetics and disinfectants. Some insecticides contain borax. Methyl borate 
has been tested as a citrus fungicide. Agricultural use for borax has been mentioned 
in Section 5-L. The element is used for the production of plastics. Organic boron 
compounds are being developed for use as dehydrating agents, catalysts and lire 
retardants. Some organic boron compounds such as borane or boron-hydrogen POIYR 
mers and alkyl bcraaes have also been used for high energy jet and rocket fuels. 
Some oil companies are marketing a gasoline for high compression engines that 
contains a boron compound as an anti-knock agent. For additional references, see 
KOHN et o/. (1960) and MATKOVICH (1972). 

IV. Boron Mineral Deposits of Commercial Value 
Of more than hundred known boron minerals, only a few are used commercially: 

borax (from saline lakes) and kemlte (from Tertiary bedded deposits at Kramer Borate 
district, California), colemanlte, ulexite and priceite (from Turkey), boracire (from o Permian salt deposits in Germany), and sassolite (boric acid from volcanic steam vents 
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in Larderello, Toscana.Jraly, and Kertsch, USSR. Inder Area, eastern Urals). Current­
ly boron-rich ground water or skam-boro-silicares are an economic source of boron. 
Recent thermal springs have deposited borate minerals in the High Andes inArgentina, 
Bolivia. Chile and Peru (MUESSmG, 1959 and 1961) (Additional references: SCHALLER, 

1930; MEIXNER, 1952; SMITH, 1968). The most important boron deposits are found 
as terrestrial salt deposits in non-marine sedimentary beds. These borate evaporites 
are genetically connected with geologically young volcanic rocks in the neighborhood 
of the deposits. In the Kramer borate district (California) are the world's largest 
known reserves of boron minerals. They supply today more than 90% of the boron 
used in the world. The Kramer sodium borate deposit consists ofparticular sediment­
ary borax and kernite (BARNARD and KISTLER, 1966; BOWSER and DICKSON, 1966; 
MORGAN and ERD, 1969; VER PLANCK, 1957). 

The world production is about 1 million tons of borax per year. 

(
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