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INTRODUCTION

Brachiopods are one of the most intriguing phylae for studies 
of variations of oceanographic conditions and ocean chemistry 
(e.g., Grossman et al. 1996; Veizer et al. 1999; Brand et al. 
2003). They crystallize stable low-Mg calcite shells and are thus 
considered to preserve the isotopic signature of paleoceanic envi-
ronments much better than most other marine carbonate-shelled 
fossils (e.g., Middleton et al. 1991; Wenzel and Joachimski 1996; 
Bruckschen et al. 1999; Mii et al. 1999). Although their history 
extends back to the Early Cambrian, about 120 brachiopod genera 
(Williams et al. 1997) have survived until today in a wide range 

of marine environments. Brachiopods were ubiquitous during 
most of the Paleozoic, declined in the Mesozoic and Cenozoic, 
and were replaced by organisms precipitating aragonitic shells, 
which today dominate shallow-water marine communities (e.g., 
Wilkinson 1979; Pojeta et al. 1987; Rowell and Grant 1987). 

The utility of invertebrate skeletons as paleoenvironmental 
indicators, however, depends on either their precipitation in 
isotopic equilibrium with ambient waters or their deviation from 
equilibrium values by some well-known amount (e.g., Wefer and 
Berger 1991; Weiner and Dove 2003). Not only should metabolic 
and growth-related factors within a single shell be accounted 
for, but also a diagenetic overprint. In addition, the analysis of 
different brachiopod genera can produce systematic differences 
in C- and O-isotope signatures (e.g., Rush and Chafetz 1990; 
Carpenter and Lohmann 1995; Samtleben et al. 2001; Buening 
2001; Curry and Fallick 2002; Parkinson et al. 2005). Recent 
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ABSTRACT

We analyzed the microstructure, microchemistry, and microhardness variations across the architec-
tural elements of the shells of the brachiopod species Megerlia truncata and Terebratalia transversa 
with scanning electron microscopy (SEM), electron backscatter diffraction (EBSD), laser-ablation 
inductively coupled plasma mass-spectrometry (LA-ICP-MS), and Vickers microhardness indentation 
(VMHI). The brachiopod valves consist of two principal layers of distinct calcite biomineralization: 
a thin, nanocrystalline, outer, hard protective layer with VMHI values exceeding 200 HV and a much 
thicker, inner, secondary layer of a hybrid organic-inorganic Þ ber composite material. The secondary 
layer is further structured into two sublayers, an outer part with VMHI values varying between 110 
and 140 HV, and a softer inner part (70 < HV < 110). Whereas the size of the calcite crystals within the 
primary layer varies between a few tens of nanometers and 2 μm, calcite crystals within the second-
ary layer are Þ brous, commonly reaching lengths exceeding 150 μm. Cross sections of these Þ brous 
crystals are spade shaped, their dimensions being about 5 × 20 μm. The Þ bers are aligned parallel to 
each other. They are single crystals with their morphological Þ ber axes pointing almost parallel to the 
shell vault. The crystallographic orientation of the morphological Þ ber axes, however, is arbitrary within 
the a-b plane of the calcite lattice, whereas the c-axis (hexagonal unit-cell setting) is perpendicular to 
the morphological Þ ber axes and thus parallel to the radial vector of the valve vault. This morphology 
strongly indicates that Þ brous growth is controlled by conÞ nement within a cell in an organic matrix 
and not by attachment of biomolecules to speciÞ c crystallographic faces. We observe inhomogeneous 
Sr2+ and Mg2+ concentrations in the shell calcite within the 0.1�0.9 wt% range. Design of the shell 
appears to be highly optimized for mechanical performance. Crystal morphology and orientation as 
well as incorporated organic matter are structured hierarchially at different length levels forming a 
hybrid organic-inorganic Þ ber composite architecture.
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