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INTRODUCTION

Boron has two isotopes, 11B (~80% abundance) and 10B
(~20%). Boron can be concentrated in borate minerals formed
in association with evaporites, and in metamorphic tourmalines,
but aside from these special hosts, boron is considered an in-
compatible element. It prefers to be in the fluid phase. Because
of this preference, B is a useful geochemical tracer for upper-
crustal processes where it is concentrated in pore fluids. In sedi-
mentary rocks, B is found in large quantities (10–100s ppm),
but it is negligible (<1 ppm) in the mantle (Leeman and Sisson
1996). Boron-isotope differences between water and clay min-
erals can exceed 50‰ at diagenetic temperatures (Palmer and
Swihart 1996). Because of the large influence that clay miner-
als have on the B-isotopic composition of fluids, this research
focuses on understanding the B-isotope fractionation in illite-
smectite (I-S). Illite and smectite incorporate more boron than
other sedimentary clay minerals (Keren and Mezumen 1981),
especially during diagenesis in deeply buried (>1000 m) sedi-
mentary basins.

The large isotope fractionation of B observed in nature is
thought to result from a preference of 10B for tetrahedral coor-
dination. The clay-mineral surface adsorbs B in tetrahedral
coordination (Palmer et al. 1987) as do other mineral surfaces
(Palmer and Swihart 1996). In addition, B substitutes for tetra-

hedral Si in diagenetic clay minerals. In contrast, low pH (<7)
aqueous fluids contain B dominantly as trigonally coordinated
B(OH)3. These differences in coordination between water and
minerals result in >30‰ isotopic fractionations of B at 25 ∞C
(Palmer et al. 1987). The mineral-water fractionation is much
less (~8‰ at 25 ∞C) if there is no coordination difference be-
tween mineral and water (Palmer et al. 1987). At diagenetic
temperatures (>60 ∞C), it is common for reactions among sili-
cates and carbonates to buffer the pH of fluids to values below
7 (Hutcheon et al. 1993); therefore, the predominant aqueous
B species in most deep basinal fluids is B(OH)3, allowing us to
focus on the fractionation of B isotopes between trigonal (aque-
ous) and tetrahedral (silicate mineral) sites.

Research on B in sediments primarily has addressed the
behavior of adsorbed B and its variations as a function of T and
pH (e.g., Xiao and Lan 2001; Ishikawa, and Nakamura 1993;
Palmer et al. 1987; Keren and Mezumen 1981). However, the
distribution coefficient for adsorbed B on sediments is tem-
perature dependent, decreasing to zero above ~100 ∞C (You et
al. 1996). At diagenetic temperatures, therefore, it is most im-
portant to understand the geochemical interaction of B incor-
porated in the clay mineral lattice, rather than surface adsorbed
B. Furthermore, sediments extracted from deep sedimentary
basins are subjected to contamination by drilling fluids, thus
any adsorbed B should be considered a contaminant.

In this paper we re-examine our experimental samples of
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ABSTRACT

The isotopic composition of boron in illite-smectite (I-S) can be important for monitoring
fluid/rock interactions in sedimentary basins. Boron substitutes for Si during reaction of smectite
to illite and can preserve information about paleofluid B-isotopic composition. Boron is enriched
in oilfield brines, therefore the isotopic composition of those brines may be recorded during
illitization and represent a monitor of hydrocarbon maturity and migration.

We re-examined previously published experimental results on B-isotope fractionation between
I-S and water. By separating B from two crystallographic sites of I-S (tetrahedral and interlayer),
we found differences in the d11B that might be used as a single-mineral geothermometer. Boron
incorporation in I-S follows a non-linear kinetic pathway. Maximum interlayer-B incorporation
occurs during R1-ordering. R3-ordering approaches equilibrium with expulsion of interlayer-B
leaving only tetrahedral layer-B. The important discovery is that tetrahedral layer d11B does not
change between R1 and R3 ordering. Boron substitutes in an equilibrium ratio early in the crystal-
lographic reordering of I-S.

Natural I-S samples were tested from Gulf Coast mudstones, increasingly illitized with burial
depth. Diagenetic reaction kinetics differ from hydrothermal experiments, but still reveal large
d11B differences (up to 40‰) between the interlayer and tetrahedral layer. Interlayer d11B de-
creases with increasing temperature and illitization. We propose that interlayer d11B values repre-
sent metastable equilibrium, whereas tetrahedral layer B represents a temperature-dependent
equilibrium. If this is true, then the B-isotope geochemistry of I-S can be used to determine
paleotemperatures and monitor the influence of hydrocarbons on pore fluids associated with di-
agenetic I-S.


