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a b s t r a c t

Detailed analyses of microstructures and crystallographic preferred orientations (CPOs) of hematite rocks
were conducted in samples of polycrystalline hematite around a tight fold in the Quadrilátero Ferrı́fero
region, southeastern Brazil. Grain size is dominantly very fine in all samples (z15–30 mm), with a slight
increase toward the hinge. Grain aspect ratio increases substantially toward the hinge, from an average of
2 in the limb to 9 in the hinge. Distribution patterns of [0001] axes and poles of planes {1010}, {1120} and
{1014} suggest that intracrystalline slip operate on the basal plane along the <a> direction. The dis-
tribution of the poles of prismatic planes parallel to the foliation of reference frame indicate that the all
the symmetric <a>-slip directions of hematite crystals were equally efficient during activation of basal
intracrystalline slip. Increasing aspect ratio is accompanied by CPO intensification toward the hinge,
where intensification was aided during deformation by bulk rotation of the hematitic plates and possibly
by some grain boundary sliding. Such CPO intensification with the increase of aspect ratio toward the
hinge is used to infer that the fold developed by flexural flow.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Development of crystallographic preferred orientation (CPO)
in deformed rocks is generally attributed to intracrystalline
deformation and dynamic recrystallization processes (e.g. Nicolas
and Poirier, 1976; Schmid and Casey, 1986; Law et al., 1990; Lloyd
et al., 1992; Ji et al., 1993). However, depending on the environ-
mental conditions, other processes may accommodate strain,
which, in some cases, can also result in a well-developed CPO
fabric.

In the case of hematite-bearing rocks, the development of CPO
seems to be related to two different processes. The first is dis-
location-related process (e.g. Siemes et al., 2000), which for low
metamorphic grade is dominated by basal <a> slip (Hennig-
Michaeli, 1977; Siemes and Hennig-Michaeli, 1985; Siemes et al.,
2000; Rosière et al., 2001). The resulting CPO can be intensified
in shear zones or in folds by bulk rotation of hematite crystals
(e.g. Cogné and Gapais, 1986). However, as preferred orientation
data in hematite-bearing rocks was previously obtained through
X-ray or neutron diffraction techniques (e.g. Siemes and Hennig-
Michaeli, 1985; Siemes et al., 2000; Rosière et al., 2001), which do
not permit a direct correlation between microstructures and
lattice-preferred orientation. To fill this gap, we measured mi-
crostructures and crystallographic orientations using the electron
backscattered diffraction in a scanning electron microscope
x: þ55 31 3559 1606.
. Morales).
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(EBSD/SEM; Randle, 1992; Prior et al., 1999; Morales et al., 2007).
The samples were collected from a folded iron formation in the
northeastern part of Quadrilatero Ferrı́fero (QF) region, southeast
Brazil. The studied rocks are polycrystalline hematite (also called
‘‘hematitites’’ here) sampled from the hinge and limbs of a deca-
metric-scale fold. In this paper, we discuss microstructural and
CPO observations in terms of the variations of CPO patterns and
microstructures developed around the fold, and interpret these
variations in terms of deformation and folding mechanisms.
2. Geological setting and description of the fold

The studied samples come from the Itabira Group, a sequence
of metasedimentary rocks of Archean/Palaeoproterozoic ages
(Babinski et al., 1995; Alkmim and Marshak, 1998), which host
large iron ore bodies of hematitites and itabirites (Fig. 1). These
rocks result from metamorphism of chemical-sedimentary rocks
in which layers of varied thickness of quartz and magnetite/
hematite aggregates alternate rhythmically, and are equivalent to
the metamorphosed banded iron formations. The entire sequence
was deformed and metamorphosed in three main deformation
phases. Polyphase D1 deformation was the most intense and is
related to the recrystallization and formation of large iron-ore
deposits in the Quadrilátero Ferrı́fero (QF) region. During this first
episode of deformation, two sets of coaxial folds, affecting the
original sedimentary layering developed during progressive
deformation, concomitantly to the development of a pervasive
axial-plane foliation (S1) with intense shearing and local
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Fig. 1. Geological map of the Quadrilátero Ferrı́fero area, showing main geological units that are exposed in the region, and regional structures. The studied fold lies in the
northeastern tip of the Quadrilátero Ferrı́fero region (marked by the black rectangle). SFC, São Francisco Craton; IS, Itabira Syncline; MS, Moeda Syncline; GS, Gandarela Syncline;
DBS, Dom Bosco Syncline. Modified from Rosière et al. (2001).
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transposition of the sedimentary layering (Lagoeiro et al., 2003;
Almeida et al., 2005), The peak of metamorphism occurred dur-
ing this deformation episode, and reached temperatures of the
upper greenschist to lower amphibolite facies (Hoefs et al., 1982;
Pires, 1995). Intense fluid percolation associated with de-
formation and metamorphism led to quartz leaching, breakdown
of magnetite to hematite, and consequent enrichment of iron-
oxide minerals in the iron formations (e.g. Lagoeiro, 1998; Rosière
et al., 2001), producing relatively large deposits of hematitites. The
eastern domain of the QF, where our samples were collected, is
considered to have the greatest deformation due the superposition
of Brasiliano (w650 Ma) structures over the Archaean/Paleoproter-
ozoic ones (Rosière et al., 2001). In the high-strain domain, L > S and
L¼ S tectonites are common either in hematitites or in the country
rocks. Tight to isoclinal folds are also commonly observed in the
eastern domain of the QF region and seem to have developed syn-
chronously with the L > S fabric in the aggregates, since they do not
fold the fabric of the L-tectonites.

The second and third deformations (D2 and D3) were less in-
tense. Tight to open folds are attributed to these deformation
phases, as well as the development of discrete shear zones
(Chemale et al., 1994; Rosière et al., 2001) during lower to medium
greenschist metamorphic conditions. Superposition of structures of
these two deformation episodes over older structures can be ob-
served locally. A spaced and discrete crenulation cleavage de-
veloped during the second and third generation of fold axial planes
(S2 and S3) with limited growth of platy hematite. The intersection
lineation observed in itabirite and hematitites, resulting from the
cross-cutting relationships between the foliations S1 and S2, is re-
gionally subparallel to the stretching lineation observed in other
rocks (quartzites, dolomitic marbles and itabirites) and indicate
a tectonic transport to NE (Almeida et al., 2005).

We chose a decametric scale D1 fold (Fig. 2) to investigate the
variation of polycrystalline hematite microstructure and CPO. Fold
geometry is defined by the interlayered compact and schistose
hematite aggregates. In profile, the fold has a 1C class geometry
(Ramsay, 1967). The interlimb angle is w26�, the fold axis plunges
12� to NE, whereas the axial plane has a moderate dip to the
southeast (Fig. 2). The fold lies in the hinge zone of a regional-scale
isoclinal synform in the northeastern part of the Quadrilátero Fer-
rı́fero. Contractional and extensional structures in the internal and
external hinge arcs were not observed, but the occurrence of ‘‘blue
dust’’, which is hematite powder generated by the physical/me-
chanical breakdown of fine hematite plates into friable aggregates
correlates to the external arcs of the fold. In both the fold limbs and
hinge, a cross-cutting spaced cleavage S2 oblique (w40�) to the
folded foliation S1 is present (Fig. 2) subparallel to the axial surface
of the D2 folds. The lineation from the intersection of the foliations
is subparallel to the studied fold axis and it was interpreted as the
X-tectonic direction, because regionally, the intersection lineation
and the direction of maximum elongation of minerals are parallel.
At the outcrop scale, L-type tectonites dominate in the fold hinge,
whereas in the limbs, L-S types with some minor S-tectonites
dominate.



Fig. 2. Photograph of the studied fold and sample locations, showing the interlayering between schistose polycrystalline hematite (light gray) and hematitites (dark gray band,
delineated by the white lines). View to the northeast, normal to the fold axis. The fold hinge line plunges 12� to NE, axial surface dips moderately to SE, interlimb angle is about 26� .
Solid white lines mark the trace of axial surface foliation S1, whereas dashed white lines mark the trace of the spaced cleavage S2. The stereonet in the inset shows the orientation of
the limbs, fold axis, axial surface, and the orientation of intersection lineations that regionally are parallel to the stretching lineation. N ¼ number of measurements.
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3. Methodology

3.1. Electron backscatter diffraction (EBSD)

The samples collected in the fold hinge and limb domains
(Fig. 2) were oriented according to the tectonic reference frame X, Y
and Z, where the X-axis is parallel to the intersection lineation, Z is
normal to the foliation and Y is perpendicular to the XZ plane. The
samples were cut perpendicular to the foliation and parallel to the
lineation in blocks of dimensions 1.5 � 1.5 � 0.7 cm. Then, they
were mounted in epoxy and mechanically polished with diamond
pastes of decreasing grain sizes. After this polishing, samples were
ultra-polished with a diamond paste (0.25 mm) then with an alka-
line solution of colloidal silica for 8–12 h, to remove residual surface
damage and the topographic irregularities. As hematite crystals do
not present charging problems in the SEM, no carbon coating was
necessary.

The EBSD work was conducted using a JEOL SEM JSM5510,
equipped with Nordlys HKL-Oxford EBSD detector operating at
20 keV and installed in the Laboratory of Microscopy and Micro-
analysis (MICROLAB), in the Department of Geology, Federal Uni-
versity of Ouro Preto. The EBSD data were acquired and indexed
using the HKL Channel 5 software package. Preferred orientation
measurements of hematite crystals were done via automatic beam
scanning mode, with a step size of 10 mm in all samples, on
a predefined area of w3500 � 2750 mm. The main setup parame-
ters used in the present study were: tilt angle of 70�; working
distance of 35 mm; spot size of 70; mean angular deviation (MAD)
for data acquisition of 2�; MAD for pole figure calculation �1�. The
minimum and maximum number of detected bands was 4 and 5,
respectively. Pattern-solving efficiencies for the indexed patterns
were between 75% and 80%. The pole figures for [0001] axes and
also for poles of {1010} and {1120} prisms, and {1014} rhombs
were calculated through the software PFch5 (Mainprice, 2007).

The orientation mapping was completed with through software
Tango of the Channel 5 package. The zero solutions (misindexed or
non-indexed points) were firstly reduced by the spike correction of
individual zero-solution measurements relative to the surrounding
points, and then by the extrapolation of successfully indexed pat-
terns for the adjacent non-indexed/misindexed measurements. The
latter procedure was carried out three times, giving the measure-
ments of four well-indexed neighboring points, which is consid-
ered as a reasonable level to produce realistic microstructural maps
for hematite aggregates. After the spike removing and extrapola-
tion of successfully measurements to zero-solution points, the
maps reach 90% of coverage in average, which means that 10%
of the maps are made of non-indexed/misindexed points whose
MAD number were higher than 2�. The strength of the pole figures
was defined by the progressive increase of pfJ values index
(Michibayashi and Mainprice, 2004). The pfJ value equals 1 when
the fabric has a random distribution, and has maximum values
dependent on the crystalline symmetry. As the symmetry of (0001)
planes is different from the symmetry of the planes {1010}, {1120}
and {1014} of hematite (Fig. 4), the values of pfJ cannot be used in
a direct comparison between strength of the four different pole
figures of the same sample. However, they can be used for the



Fig. 3. Photomicrographs of the specimens collected in the limb (CE-39b, pictures b and c), transitional (CE-40a, pictures d and e) and hinge zone (CE-41, pictures f, g and h) of the
studied fold (a). Solid black lines mark the axial surface foliation S1, whereas solid white lines mark the spaced cleavage S2. Cross polarized light. Arrows in (b) indicate granular (white
arrow) and slightly flattened (black arrow) hematite crystals, whereas arrows in (c) indicate irregular (black arrow) and more regular (white arrow) contacts in coarse and fine-grained
hematite grains, respectively. The black lines in (d) also mark the irregular boundaries of a granular hematite band (between the black lines) ‘‘sandwiched’’ between bands of platy-
format hematite grains (above and below the black lines). White arrow in (e) indicates a regular grain boundary, whereas black arrow shows a lobate contact between hematite
crystals. Black lines in (g) also mark the microlithon within the foliation of the specimen from the hinge. See text for details.



Fig. 4. Schematic representation of a plate-shaped hematite crystal, showing the basal
and the main prismatic planes. The arrows represent the rotation of hematite a-axes
around c-axis. Modified from http://webmineral.com/data/Hematite.shtml.
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comparison of pole figures of same crystallographic planes or
directions from different samples.
3.2. Grain size and shape properties

As the SEM/EBSD is a ‘‘single-grain’’ technique, it is possible to
construct detailed grain-boundary maps for a given grain size if the
setup accounts for the step size and the misorientation angles be-
tween grains. In the present study, grain boundaries were mapped
to determine the crystal size distribution (CSD) of hematite grains
and their variation around the studied fold. To map grain bound-
aries, a detailed beam scan was conducted in representative areas
of w600 � 500 mm, with step size of 2 mm, without any changes on
the other parameters described above. The maps were constructed
Fig. 5. EBSD maps, showing all Euler angles. In these maps, variations of colors represent var
39b from the limb, (c) for the CE-40a in transitional domain and (d) for sample CE-41 from th
which was visually determined. Maps were generated through the software Tango in the C
first by spike correction and removal of non-indexed/misindexed
points as defined earlier. All interpreted grains smaller than four
times the step size were discarded, appearing in the maps as zero-
solutions. After that, zero-solutions were removed to produce the
final grain-boundary maps, reaching coverage levels of 95%. The
misorientation angle used in the grain-boundary mapping was 10�,
which means that subgrain boundaries were disregarded. After all
filtering processes, the grains were detected again and the resultant
table with specifications of grains properties was statistically
treated using the software ‘‘CSD corrections 1.37’’ (Higgins, 2000,
2002) assuming grains as 2D semi-ellipses. The mean grain-aspect
ratio was determined using the program ‘‘Ellipstat’’ (Yamaji, 2005)
from the data of long and short axis means obtained in the CSD
correction program. The CSD corrections for the intersection
probability and cut effect was determined, allowing for mean shape
ratio of the grains (0.4) and the type and strength of the mesoscopic
fabric of each sample.

4. Microstructures

The specimens (Fig. 3a) present a remarkable microstructural
contrast between limbs and hinge zone.

4.1. Limb domain

In the limb (sample CE-39b), the foliation comprises the align-
ment of both granular and slightly flattened hematite grains
(Fig. 3b). Grain boundaries are dominantly interfaces between
hematite crystals and a few interphases between relicts of mag-
netite and hematite grains. Interfaces are usually straight and sharp
in more rounded crystals, resulting in a polygonal network of grain
iations on the crystallographic orientation of the minerals. Map (b) is for the sample CE-
e hinge. Solid white lines indicate the presence of a shape-preferred orientation (SPO),
hannel 5 software package. Details in the text.

http://webmineral.com/data/Hematite.shtml


Fig. 6. Calculated pole figures for [0001] axes, poles of {1010} and {1120} prisms and {1014}. Pole figures calculated from Euler angles using the program PFch5 (Mainprice, 2007),
lower hemisphere, multiples of uniform distribution, non-polar projection.
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Fig. 7. Variation of pole figure sharpness (pfJ) showing the increase of CPO strength towards the fold hinge, from CE-39b to CE-41, for [0001] in (a) and for the poles to {1010},
{1120} and {1014} in (b). pfJ values were calculated trough the program PFch5 (Mainprice, 2007).
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boundaries. However, relatively large hematite (>60 mm) grains
show more irregular contacts (Fig. 3c).

4.2. Transitional domain

The foliation in the transition zone of the fold (sample CE-40a)
comprises alternating platy and granular hematite grains, which
occur in regular millimetric layers with strong alignment of he-
matite plates parallel to the foliation (Fig. 3d). Grain boundaries of
hematite crystals are usually sharp and straight (Fig. 3e). In more
granular hematite, irregular and polygonal segment boundaries
are relatively common. Locally, porphyroclasts of polycrystalline
granular hematite with symmetric tails of tabular hematite are
observed.

4.3. Hinge zone

In the hinge zone (sample CE-41), a strong shape preferred
orientation (SPO) of hematite plates parallel to the fold axis is ob-
served (Fig. 3f). Granular hematite crystals are scarce and limited to
lens shaped domains between the foliation planes, interpreted here
as microlithons (Fig. 3g). In these domains, shape orientations of
granular and platy hematite are weaker than those in the foliation
domains. In general, interface hematite–hematite boundaries
are dominantly sharp and straight, and irregular boundaries are
restricted to granular hematite within microlithons. Sparse mag-
netite crystals are also restricted to the microlithons. In all samples,
the oblique foliation S2 consists of a spaced cleavage marked by
hematite plates regularly spaced throughout the fold (Fig. 3h).
The cleavage planes are more clearly visible in the hinge zone,
but in all samples they make an angle of w40� with the folded
foliation S1.

5. CPO analyses

The sampled CPOs (Fig. 5) are similar in geometry around the
folded layer. The poles of the basal planes of hematite are con-
centrated close to the foliation normal, whereas the poles of pris-
matic planes are distributed in a girdle along the foliation, with
a tendency for concentration parallel to X (Fig. 6). The poles of the
rhomb planes {1014} distribute along a conical girdle around the
foliation normal (Fig. 6).

The CPO patterns intensify toward the hinge zone (Fig. 6). In the
limb domains, [0001] axes scatter between the foliation normal and
the Y-direction (Fig. 6). Such a scattering is also observed in the pole
figures of prismatic planes {1010} and {1120}, where the girdle
parallel to the foliation is relatively wide, scattering from the foli-
ation plane toward the foliation normal. The conical girdle distri-
bution of {1014} poles is also wide and not well-developed in the
limb. Towards the hinge, the concentration of [0001] becomes
stronger and the girdles for both prismatic and rhomb poles become
narrower and sharper (Fig. 6). The concentrations of the crystallo-
graphic axes in the sample from the hinge zone (CE-41) are so strong
that the CPO patterns can be almost described as a ‘‘single crystal’’
preferred orientation. Despite the scattering along the foliation, the
maximum concentration of poles of {1010} and {1120} planes tend
to be systematically parallel to the X-direction (Fig. 6) in all speci-
mens. The small obliquity of the pole figures is likely an artifact
caused by sectioning because we did not observed any asymmetric
microstructure, neither in the limbs nor in the hinge of the studied
fold. The value of pfJ, quantifying the strength of the crystallo-
graphic fabric increases substantially from the limb towards the
hinge zone, principally for the [0001] axes, which are strongly
concentrated in the hinge of the fold (Fig. 7), along with increasing
concentrations of {1010}, {1120} and {1014} poles, although 10
times lower in magnitudes than for [0001].

6. Grain size and shape properties

The average grain size is w16 mm in the limb (Fig. 8a and b)
increasing to 20 mm toward the hinge (Fig. 8d and e), and reaching
30 mm in average in the hinge zone itself (Fig. 8g and h). In all
samples, the grain size variation is rather small, although larger in
the hinge. The increase in grain size and size variation is matched
by an increase in grain aspect ratio from 2.25 in the limbs to 4 to-
ward the hinge (Fig. 8c, f and i). Although the average grain aspect
ratio in the hinge is 4, individual grains reached aspect values of 9
(Fig. 8i). All these characteristics confirm that the fold hematite-
related fabrics vary along the fold, and become progressively
stronger towards the hinge zone. Regardless of the differences in
shape fabric between limbs and hinge of the studied fold, long axes
of the elongate hematite grains also preferentially aligns parallel to
the fold axis.

7. Discussion

The CPO data suggested that hematite grains were deformed by
intracrystalline deformation. From the pole figures it can be infer-
red that the main active slip system was basal in <a> direction
because the strong concentration of [0001]-axes parallel to Z and
the distribution of poles of prismatic forms parallel to the foliation.
This is in agreement with the results of Rosière et al. (1998, 2001)
and Siemes et al. (2000) for hematite deformation at these condi-
tions. Such a distribution pattern also indicate that the six sym-
metric <a>-directions of hematite were equally efficient as slip
direction and allow the development of a crystallographic fabric
parallel to the foliation of reference frame (Fig. 6). The activation of
different slip <a>-directions is very clear on the pole figures of



Fig. 8. Detailed Euler angles and grain boundaries maps (a, d, g), crystal size distribution (b, e, h) and aspect ratio plots (c, f, i) for the samples CE-39b, CE-40a and CE-41. In the maps, different colors represent different orientations. Crystal
size distribution for grains �8 mm. Detected grain boundaries for misorientation angles �10� . Ln (population density) in the y-axes is the volumetric number density divided by the width of the interval, following Higgins (2000).
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Fig. 9. Sketch showing a time sequence of progressive flattening and elongation of hematite grains and the increase in aspect ratio in the fold hinge, as well as the rotation of
hematite basal planes (solid lines within the grains) during the progressive tightening of the structure (a, b and c). Different shades of gray illustrate the differences in orientations.
The sketch in (d) illustrates possible grain boundary sliding or rotation along basal boundaries of two neighboring hematite grains.
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poles to prismatic planes from the sample CE-41 (hinge zone),
where three similar maximum contour lines are observed (Fig. 6). A
similar behavior is observed in the deformation of ice. During
a progressive simple shear deformation, the c-axes of ice crystals
develop two single maxima linked by a girdle centered in the Y-
direction of the pole figure. These two single maxima lie at an angle
about 30� in relation to the pole of foliation in the tectonic refer-
ence frame. As shear strain increases, the metastable orientation
maxima disappears, becoming a single c-axes maxima that pro-
gressively becomes orientated parallel to shortening direction of
the pole figure (Z-axis). In such a position, the basal planes of ice are
orientated parallel to the bulk shear plane of the sample (Bouchez
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and Duval, 1982; Urai et al., 1986; Wilson, 1986). In this case, the
easy activation of basal slip results from six symmetric slip di-
rections due to the hexagonal symmetry of ice crystals, allowing the
development of a strong girdle of poles of prismatic planes parallel
to the foliation in the reference frame. The observed scattering in
the pole figures can represent: (i) the presence of granular hematite
crystals with basal planes not parallel/subparallel to the foliation;
(ii) a crenulated foliation, or (iii) the consequence of intersection
between the foliation (S1) and cleavage planes (S2) (Rosière et al.,
2001). In the present study, the pattern of scattering results from
both strain distribution around the fold and from the presence of
cross-cutting S1 and S2 planes, observed both in the field as well as
in thin sections (Figs. 2 and 3).

During the tightening of the fold, flow probably occurs as layer-
parallel shear toward the hinge, and the deformation are used to
infer the activation of flexural flow, leading to the transition in
fabric characteristics from limb to hinge. Such a process will cause
the SPO to be stronger in the hinge domains. The increase of grain
shape anisotropy towards the fold hinge is followed by progressive
strengthening of hematite [0001] axes maxima around the foliation
normal. In addition, the sharpness of girdles of poles of prismatic
planes arranged in an elongated maximum parallel to the foliation
plane and the progressive increasing increase of pfJ values in the
same direction are used to infer that strain was preferentially ac-
commodated in the hinge zone (e.g. Ramsay, 1967; Hudleston and
Lan, 1993). With the progressive shortening of the initial hematite
grains in one direction and respective elongation in one or two
directions, and with the bulk rotation, it is likely that some grain
boundary sliding (GBS) may have occurred during deformation
(Fig. 9). The operation of GBS is facilitated by the strong shape
anisotropy of hematite grains of basal habits and by the presence of
fluids during deformation, which was common over the QF areas
and evidenced in the studied fold by the extensive breakdown of
magnetite to hematite (Lagoeiro, 1998). The operation of GBS al-
lows the sliding and the rotation of hematite crystals mainly along
the basal boundaries (Fig. 9). As these processes occurred prefer-
entially along the basal- instead of prismatic- or rhomb-planes, the
aggregates retained the existing CPO produced by basal intra-
crystalline slip. In fact, basal intracrystalline slip in<a>-direction of
hematites, or the rotation of hematite plates along basal grain
boundaries, with a rotation axis parallel to [0001] (Fig. 9) would
lead to a similar preferred orientation pattern. Thus, in this case, the
CPO would be insensitive to the deformation mechanism. There-
fore, detailed experimental deformation work with transmission
electronic microscopy analyses is required to improve un-
derstanding about hematite deformation mechanisms.

8. Summary and conclusions

Intracrystalline deformation of hematite grains occurred by
basal slip in the <a>-direction, leading to the development of
a relatively strong CPO. In both the hinge and limb the main fabric
consists in a maximum of [0001] axes around the normal to folia-
tion (Z), with the poles of prismatic planes concentrated along the
foliation plane. However, the maximum of [0001]-axes observed in
the hinge zone is close to a point maximum, whereas in the limbs
the concentrations are broader around Z-axis. The same trend is
also observed with respect to the poles to prismatic planes: in the
limbs they tend to distribute in a wide girdle along the foliation
plane, whereas in the hinge zone they distribute in a narrow girdle,
as also attested by pfJ values. The increase in the strength of the
CPO is also reflected in the grain shape fabric, which in the limbs is
slightly less anisotropic than in the hinge, although just a slight
increase in grain size is observed towards the hinge. Combining the
crystallographic and shape fabrics together with the field obser-
vations, we conclude that accommodation of deformation varied
along the fold domains. In the hinge, the narrower dispersion of
crystallographic orientation of prismatic poles, the larger aspect
ratio and the alignment of long axis of elongate grains parallel to
the fold axis indicate that flow intensity from the limbs during
folding yielded more intense structural fabric in the hinge zone. On
the other hand, in the limbs deformation was less intense, pro-
ducing less intense preferred orientations and weakly flattened
grains. Additional deformation mechanisms such as bulk rotation of
hematite grains, as well as grain boundary sliding, might have ac-
commodated deformation in the studied fold. The hematite grains
may also have rotated around their [0001]-axes, in a similar man-
ner to the rotation of mica plates along their cleavage planes. Such
a rotation was accompanied by grain flattening, assisting the cre-
ation of a stable geometry to reflect overall flattening within the
fold hinge. The grain-boundary sliding was facilitated by the shape
anisotropy of hematite grains as well as by the presence of an
aqueous fluid phase without any microstructure indicative of
microfracturing.
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Brasileira de Geociências 35 (2), 177–186.

Babinski, M., Chemale, F., Van Schmus, W.R., 1995. The Pb/Pb age of Minas Super-
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