5-E-6 Boron
Table 5-E-5. Beron in granitic rocks (Analytical method: S}
Rock rype Locality Number Range Average Reference
of ana-
lyses ppm B ppm B
Grarife
Granite Brocken, Harz 3 11—18 13 HarpEer (1959)
(Germany)
Granite Brocken, Harz 7 11—60 Hanper (1959)
{roof area) (Germany)
Granite Schierke, Harz 1 48 Harpzr (1959)
{(Germany)
Granite Oberpfilzer Wald 2 1220 16 HarpEer (unpub-
{Germany) lished)
Granite Oberpfilzer Wald 6 7—9 8 Haroer {unpub-
(roof area) (Germany) lished)
Granite Saxonia, Thuringia 12 4—85 HaARDER {1959)
Vosges (Europe)
Granite Alps etc. (Europe} 7 0.7—7 3 Harper (1959)
Granite Odenwald, Bayer. Wald, : 14 HarDER (1959)
{composite  Fichtelgebirge,
of 14} Schywyarzwald, Saxonia,
Vosges, Silesia (Europe)
Granite France, Yugoslavia, 18 2.5—40 Hanner (1959)
Portugal, Norway
Granite Lapland (Finland}) 2 1—3 2 Sanana (1945)
Rapakiwi Finland 6 Sanama (1945)
granite
(composite}
Granite Sweden 2 350 LaNDERGREN (1945)
Granite West Scotland 3 1—8 NocxkoLps and
MrreuerL (1948)
Granite South Africa 40 «<20—150 15 W ASSERSTEDN
{1951)
Granite Cape (South Africa) 34 20—240 KoLiE {1966)
Granite Bitu-Dzhida, Siberia 22 39 KosaLs and
(U.5.5.R.) Mazurov (1968)
Leuco Bitu-Dzhida, Siberia 14 30 Kosavrs and
granite {U.S.S.R) Mazurov {1968)
Aplite Bitu-Dzhida, Siberia 23 22 Kosars and
granite (U.S.S.R) ’ Mazurov (1968)
Tourmalin-  Tuckestan (U.5.5.R.) 16 430—2,000 900 DusmaTov ef al.
ized granite (1972)
Granite Turkescan (U.5.5.R.) 27 < 10—245 80 DusmaTtov o al.
(1972)
Granite, Shamakorskii Massif 8 0.3—7 1.4 Lyaxuovicu (1965)
gneisse (U.5.5.R)
{tourmaline-

free)
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Table 5-E-5 {conrinued)

)

Rock type Locality Number Range Average Reference
of ana-
lyses ppm B ppm B
Granite Siberia (U.S.5.R.) 40 Ruz (1964)
(composite) '
Granite U.5.5.R. 20 0—19 8 Staviov and Kar-
trov (1960)
Granite Hida Mountain (Japan) 135 0—32 7 Oxapa {1956)
Granite Kitakami Mt. (Japan) 15 7—160 34 Okana (1956)
Granite Palacozoic, Japan 26 0—3A 11 Kuropa (1955}
Granite Mesozoic, Japan 21 0—25 8 Kuropa {1955)
(>300) (22)
Granite Tertiary, Japan 7 0—3n 15 Kurppa (1955)
Hybride Japan 56 3250 32 Kunopa (1955)
granite
Gneiss Japan 13 3—62 32 Kuropa (1955)
granite
Granite Canada 40—300 Bovie (1959)
Granite Rhode Island {U.5.A.) 1.2 Harper (1959)
{G-1 stan- 1.5 Surva (1962)
dard) 1.7 FLANAGAN
{1973}
Greisens ele.
Mica-topas  Europe 6 4—10 Haroer (1959a)
greisen
Lithium Comywall (England) 1 150 HarDER (19593)
greisen
Tin greisen  Siberia (U.S.5.R.) 30 1—470 200 LYAKHOVICH
(1965)
Tin greisen  Siberia (U.S.5.R.) up to Rup (1964)
6,000
Greisen 1,300 Hanngr (1959a)
(composite
of 24)
Tourmaline up to Harper (1959a)
greisen 5% B,O,
Pegmatite Canada 200—2,000 BoyiLe (1959)
granite
Cranodiorite
Granodiorire 7 7—87 9 Harper (1959)
Granodigrite Monte Capanne, Elba 20 5—280 50 Tonant (1957)

(Traly)
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Table 5-E-5 (continued)

Rock type Locality Number Range Average Reference
of ana-
lyses ppm B ppm B

Granodiorite Giglio {Iraly) 20 10—200 25 Tonant {1957)
Aplite Giglio (Italy) 8 500—2,500 550 ToNaANI (1957)
Granodiorite Canada 2 20—40 30 BoyLe {1959)
Granodiorite, Shamakorskii Massif, 5 0.3—15 3 LyaxHovICH
partiy gneis  Siberia (UJ.5.5.R.) (1965)
Granodiorite Urals (U.5.8.R.) 3 12—25 17 Dunaev (1959)
Granodiorite U.S,S.R. 15 §—95 20 Stavrov and

Knrrrov (1960)
Grancdiorite Sori, Gumma-Ken i S5and 7 6 Cuamp and Ixena
(srandard {Japan} in ANDO e/ af.
JG-1) (1971)

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

Table 5-E-6. Boron in mineral fractions of granitic rocks. from Brocken, Harz Mowitaing ( Ger-
many). a: Granite, poor in tourmaline (17 ppm B). b: Granite, rich in tourmaline (46 ppm B)
(Analytical method: S)

Mineral Mineral- ppm B in % of B as fraetion
‘ content mineral of total rock boron
in % in a given mineral
a b
Plagioclase 14 100 63 37
Potassium feldspar 52 15 35 21
Biotite +chlorite 5 Z2 0.5 0.3
Quarex 29 1 1.3 0.8
Tourmaline a 0.00006 - 10%, B,O, 0.1
b 0.05 41

granites. Plagioclase (perhaps intergrown with sericite) contains about 80% of the
total boron of grancdiorites. Numerous high horon values from rocks from Elba
(Italy) are reported by Tonanr (1957). A tentative mean value of granodiorites
(15 ppm B) is slightly higher than that of granites (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 ohservation that granitic
goeisses of Japan ate higher in boron than non-metamorphic granites (OxaDa, 1956;
Kuropa, 1955).

Salic volcanic rocks and volcanic glasscs (Table 5-E-7) are higber in boron than
granitic rock types (HArDER, 1959a). The most important boron host proved to be
volcanic glass (TApeuccr, 1964}, and the following boron contents in rock fracrions
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Table 5-E-7. Boron content in talic voleanic roeks. (Analytical method: S)

Rock type Locality Number Range Avcrage Reference
of ana-
lyses ppm B ppm B

Rhyolite Europc 20 1—650 HARDER {19992)

Liparite Sardinia 23 HARDER (19592)

(2 composites Hungary

of 20)

Rhyolite erc. Siberia {(U.5.8.R.) 87 6—165 24 SukHORUKOV et al.

(1964)
Silicic tuff Siberia (U.S.5.R.} 45 5—120 26 SUKHORUKOV ¢f al.
(1964)

Rhyolite dacite  New Zealand 2 11—20 ~16 Evrrrs (1963)

Obsidian New Zealand 2 25—50 ~38 Erris (1963)

Obsidian Europe 10 5—155 Hanoer (19592)

Ohbsidian Iceland, U.S.A., 73 HaRDER (1959a)

(composite of 8) Lipari (Italy)

Volcanics Colli Albani i8 37292 77 TaAppevccr (1964)
(Ttaly)

Pozzolan Colli Albani 10 <10—134 Tappevcct (1964)
(Kealy)

Pozzolan Cimino Apparato 35 < 10—1,500 Tapprevccr (1964)

. di Vico (Italy)

Lava and tuffs  Cimino Apparato 70 < 10--950 Tappeuccr (1964)
di Vico (Italy)

QObsidian Lipari, Vesuvius 5 <10—200 Tappeuccr (1964)
etc. (Italy)

Silicic lava Siberia (U.S.5.R.} 155 7.5—36 16 OTROSHCHENKO

et al, (1969)

Tentative average: Salic volcanic rocks 30 ppm B.

from Monte Cimino, Italy, were reported: glass, 420 ppm B; plagioclase, 29 ppm B;
sanidine, 10 ppm B; biotte, 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 Burkmn (1965). :

V1. Terrestrial Boron Distribution

The geochemistry of boron is chbaracterized by an abnotmally large range of
variation in common rocks {more than three prders 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




5-E-10 Boron

a model of ordinary chondrites (about 1 ppm B) or of carbonaceous cbondrites
{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 high concentrations of boron in kimberlite may be an indicator for
degassing of the mantle (see Subsection 5-E-I).

Tbe 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 5ppm B (see Sub-
section 5-E-II). The 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
their magmatic or sedimentary equivalents of comparable cbemical composition (see
Sections 'E and M). 10 ppm B may 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 abtmdance of magmatic rocks in 1be spper continental crust

Abundance of Boron abundance  Boron fraction
rock type in rock class relative to
(in percent) ppm tock abundance
Granite etc. 4 12 5.3
Granodiorite etc. 42 15 6.3
Gabbro ete. 13 8 1.04
Abundance in magmatic rocks: 13 ppm

Revized manuacript received : December 1973
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Fig. 5-O-1. The cycle of boron according to data published by LANDERGREN (1945), HARDER
(1960, 1961a), and GrREGOR (1965)

and other refractory borides are resistant to heat, corrosion and abrasion. Zirconiom
boride has 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,C),
and boron silicide (B,Si). They are nearly as hard or harder (boron carbide) than
diamond and are used as abrasives etc. B,Si 2nd BN are stable under high temperature
oxidizing conditions. Perborates serve as materials for washing and as disinfectants.
Because of its mild antiseptic and detergent properties it may be an ingredient of
soaps, cosmetics and disinfectants. Some insecticides contain borax, Methyl borate
has been tested s a citrus fungicide. Agricultural use for borax has been mentioned
in Section 5-I. The element is used for the production of plastics. Organic boron
compounds are being developed for use as dehydrating agents, catalysts and fire
retardants. Some organic boron compounds such as borane or boron-hydrogen poly-
mers and alkyl boranes have also been used for high energy jet and rocket fuels.
Some oil companies are marketing a gasoline for high compression engines that
contains 2 boron compound as an anti-knock agent. For additional references, see
Konn eral. (1960) and Marxovicu (1972).

IV. Boron Mineral Deposits of Commercial Value

Of more than hundted known boron minerals, only a few are used commercially:
borax (from saline lakes) and kemite (from Tertiary bedded deposits at Kramer Borate
district, California), colemanite, ulexite and priceite (from Turkey), boracire {from
Permian salt deposits in Germany), and sassolite (botic acid from volcanic steam vents
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in Larderello, Toscana, Italy, and Kertsch, USSR, Inder Area, eastern Urals). Current-
ly boron-rich ground water or skarn-boro-silicates are an economic source of boron.
Recent thermal springs have deposited borate minerals in the High Andes in Argentina,
Bolivia, Chile and Peru (MuEssmNG, 1959 and 1961) (Additional references : SCHALLER,
1930; MEmxNeR, 1952; Smrrr, 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 of particular sediment-
ary borax and kernite (BARNARD and KisTLER, 1966; BowseEr and Drckson, 1966;
MorGan and Erp, 1969; VEr Pranck, 1957).

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

Revised macuscript received: December 1973
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