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Introduction

The orientation distribution of crystallites in tectonites contains
valuable information on deformation processes which have taken place in the
Earth’s crust. Comparing the pxeferred orientations in naturally deformed
rocks with the results fram experimentally deformed material and computer
simalations of deformation process, the data can be used to estimate the
regime of temperature, pressure, stress and strain as well as the preferred
eperating mechanisms of deformation which were active in the investigated
matter. Thus, important information for petrofabric analysis can be expected
from the accurate and camplete description of the relation between crystal
and specimen orientations.

In this paper the partial texture of quartz in orthogneisses from the
middle Erzgebirge (GDR) is studied. The samples have been taken from selec-
ted points of a recumbent fold structure. All pole figure measurements were
carried out using neutron time-of-flight (TOF) diffractian at the pulsed
reactor IBR-2 in Dubna (1). The orientation distribution function (ODF) re-
production from experimental pole figures and the determination of recalcu-
lated and inverse pole figures have been done by means of spherical harmo-
nics analysis. (2).

Geological Background and Specimen Characterization

In the present paper the structural evolution is investigated within a
folded camplex being typical for the upper part of the Earth’s crust (5 km
depth). From the structural geological point of view this deformation con-
sists in an intensely asymmetric folding of a #parallel system of planes
{crystalline schistosity, skj). As a result of this folding a younger crys-
talline schistosity (sky) is found nearly parallel to the orientation of the
axidl plane of the folds connected with intimate crenulation of the older
schistosity (sk;) near the crest of the folds having pencil structures (b-
tectonites) in the very crest of the folds (see Fig. 1).

Todether with increasing isoclinal structure of the folds the orienta-
tion of the younger schistosity (sk,} approaches more and more an axial po-
sition. So it beccmes obvious, that on the limbs of the fold the older and
newly formed schistosities are approximately parallel. Near to the crest of
the fold the intersection angle of both foliations is increasing and reaches
90° in the very crest. The crest is, furthermore, characterized by the mor-
phological dominance of the sky-plane as well as by stretching in b=x (pen-
cil structure) cambined with rotation around the b=x - axis.

Such deformation process is in wide range independent of different
types of parent rocks, their chemical composition and regional geological
position. According to critical minerals in the present case the deformed
system of planes isk;) corresponds to a crystalline schlstosity fqrmed by
regional metamorphism under the conditions of the amphibolite-facies (p»
4,5 kbar, T > 400-500°C).

Table 1. Mineral Camposition of the Studied Gneisses (in%)

. minerals B190 B379 B380 B381
quartz 35 36 38 35
plagioclase 35 26 26 28
K-feldspar 15 10 9 13
muscovite 10 17 17 i 14
bioctite 5 9 . 6 5
others 2 4 5
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Figure 1. Structural geological position of
the gneiss specimens. The relation between
tectonic (abc) and sample coordinate system
(xyz) is shown.

The studied specimen set represents four steps of structural evolutiom
of an asymmetric recumbent fold with a half wavelength of about 1 km (Fig.l1).
The gedlogical unit is an orthogneiss complex ("red gneiss") of the Erzgebir-
ge-anticlinorium named "Reitzenbainer Rotgneisstrunktur" {(3). The samples are
cut as plates with ahbout 1 cm thiekness parallel to the c=z axis and an area
of about 15 x 20 cm? in the ab=xy plane. By means of X-ray phase analysis
proved by microscope modal analysis the main minerals arce determined contri-
buting to the composition of specimens under investigation (Table 1).

Experiments and Data Handling

The presented fabric analysis of quartz in pencil gneiss has been car-
ried out at the pulsed reactor IBR~2 in Dubna using TOF diffraction. ¥t iIs
characterized by -a simultaneous xecording of all nonforbidden Bragg reflec—
tiens in ene diffraction pattern at constant scattering geometry. This means
all pote figures under investigation are measured at the same time Ly only
one scan of the texture goniometer: The experimental procedure is described
in detail in i4). .

The values of pole figures are proportional to the intensity of their
Bragg reflection at the correspanding specimen position. These intensities
were determined from TOF spectra by means of a computer fit. The quartz pha-
se of the gneiss has béen considered only. Because of sewveral other compo-
nents in the material having low lattice symmetries, the diffraction pattérns
contain a large amount of peaks.

In the present fabric analysis the quartz reflections have been picked
up- where the influence of other phases was lower than 40 %. For the under-
standing of weak textuxes of all components the arising errors, are supposed
to be small. The criterial and methods for pole figure selection and correc-
tion are outlined in (5F.

The mathematical texture analysis up to the ODF calculation has been
carried out using the well known series expansion method (2) up to 1=14 for
even 1 omly. In the applied formalism real and imaginary terms were consi-
dered separately. Inr the trigonal system the lattice planes ihkil) and (khil)
are not symmetrically equivalent although they have the same lattice spacing
and are, therefore, overlapped in powder diffraction patterns. Conscquently,
pole figures of this type cannot be measured separately. They are taken into
account with respect to the method outlined in (6).
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Results and Interpretation

From T0F diffraction patterns of the different gneiss specimens 6 or 7
pole figures, respectively, have been determined and selected for texture
analysis according to the checks described in (5). Three pole figures for
each sample, with exception of B381,.are shown in Fig. 2. The initial sets
of pole figures have been reproduced via series expansion coefficients. In
Table 2 the RP-values (7) are given. In-all pole figures an approximately
orthorhombic symmetry can be found. It may be inproved after pole figure
rotations around the y-axis, refering to an incomplete cointidence of tecto-
nic and specimen coordinate systems caused by uncertainties in sampie pre-
paration.

For all samples the basal and prism I pole figures were determined from
series expansion coefficients 1Fig. 3). The character of the basal pole
figures is not changed from one gneiss to +the other. They show one intense
maximum at y=a and a slightly various tendency to a weak girdle from y=a
to 2z=c. For pencil gyneiss '{0001:} pole figure has been conpared with a fab-
ric diagram of quartz -axes determined by U-stage technique (200 axes in an
a-c-section) (4,. The prinicipal coincidence of both results is quite sa-
tisfactory.

The maxima of prism I and prism II pole figures rotate around the y-
axis about 30° comparing pencil gneiss with all others. This change should
‘be connected with the fabric rotation in the crest of the fold.
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Figure 2. Experimental pole figures for the samples Bi90, B340
and B3/9 (downwards) .
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Table 2., RP-values for the pole fiqgures (PF) of ‘the
specimens. Only one Miller index is given for coin-

cident PE
F B190 B379 B380 B3B1L
1120 11.8 6.6 7.2 7.2
12, 8.5 7.8 5.5 8.3
1012 12.4 6.6 1.4 10.5
1231 6.1 8.9 14.3 9.4
2021 10.4 7.3 7.7 7.3
2022 9.3 8.9 9.7
1232 7.1 6.5 7.3
2130 10.0
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Figure 3. Basal and prism I pole figures for the samples a --
B190, b -- B380, ¢ -- B38l, d -~ B3/9.

From sample B 190 via B380 and B38. to B3/9 a decreasing accentuation of
texture is observed, beeing understood by the different deformation intensity
at various positions of the fold. This may be emphasized by the appearing -of
coarse grain effects from nomquartz phases in the diffraction patterns of
B37/9. Obviously, in all other specimens a more strong deformation has decrea-
sed the grain sizes.

The samples B380 and B381 are taken fram nearly equivalent positions of
the fold. The spots were separated by a distance of about 300 m. Therefore,
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no significant texture variatiens from B380 to B3gLl are found. The existence
of ‘only one pronounced texture components is confirmed by the ODF (4).

The fabric type of. the quartz phase in the gneiss under investigation
correspords t0 the maximum I - preferr¥ed orientation of Sander (8) combined
with the tendendy to an ac—girdie formatiom.

The comparison of the deternmined fabric type with -experimentally defor-
med. quartzites refers Lo deformation conditions at relatively low temperatu-
res &< 5002 C), but higher strain states (g £ 1074 secflr (9)..

According to Taylor Bishop-Hill computer simulations '(10) the investiga-—
ted texture corresponds te the "imdel quartzite A" in the range between axial
extension and £lattening, where the dominatihg slip system is (0001) L a J}.
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lpekcnep N.N. u ap. E14-87-678
TeKCTypHbB aHanua KBapueBuiX KOMMOHEHTOB OpTOrHeRcoB

C MOMOUbI0 HEUTPOHHOM AudpakuuM Mo BpeMeHu nponeTa

U3yuanTCcA KpucCTannuueckue NpeuMyuecTBEHHLE OpUEHTAuUM KBApPUEBLIX 3JepeH
8 ueTupex obpasyax rHerca C NOMOWbLID HEMTPOHHOM AUGPAKLMM NO BpeEMEHM nponeta.
06pa3uys Obinyt B3ATH OT X3PaKTEPUCTUUECKUX MECT ACMMMETPUUHO nexawed CKnagku
B PyaHux ropax /wor FAP/. KpaTko onucsiBawnTCa reonoruyeckue OCHoBaHuA . Bce
“3MepeHMs NPOBOAMNMCH HA uMNynbcHOM peaktope WRP-2 OUAWU B fly6He. 0O6pasaus
COCTOAMM M3 HeckoNbkux ¢as. [O3TOMY Mcnosnb3oBanNMCb CcneuudansHule MeTogbl,
uTOobbl NMONYUMTb BHYTPEHHIK WM B3aUMHYI0 COMlacoOBaHHOCTU MONWCHLIX Guryp. MaTte-~
maTuueckan oBpaboTka nonwcHuix ¢uryp ao onpegenexns ®P0 nposogunace ¢ no- |
MOWbK PA3NOKEHUA B pAf NO cohepruecknuM OYHKUMAM. Bce nonicHele ¢uryps FasucHow
nnockocTu obnafaiwT UHTEHCUBHBIM MEKCUMYMOM MPU TEKTOHMUECKUX HamnpaBneHuAX
+a ¥ uMenT TeHpeHuuw K ofpa3oBaHui norca Meway Humu. PeakocTb npeumywecT-
BEHHBIX OpUeHTauui ymeHbwaeTcA OT rpeGHA A0 OCHOBaHWA CKnagku. Tun TekcTyps
6a3nCHOM NNOCKOCTU CyWEeCTBEHHO HE MEHAETCA. B NOMCHMX MUrypax NpPU3MEHHbIX
nnockocTell HabnowpaeTcA BpawyeHue BOKPYr TPexKpaTHON OCwu.

Pa6oTa suinonHeHa 8 JlaFopaTopuu HeMTpPoOHHON Guanku OUAK.

Mpenpunt O6bennuHeHHOro HHCTHTYTA AKEpHbIX Heenenosanui. Jy6ua 1987
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The crystailine preferred orientations of quartz grains in four ortho-
gneisses are studied by means of neutron time-of-fllght (TOF) diffraction.
The specimens have been taken from characteristic spots of a recumbent fold
structure in the Erzgebirge Mountains (southern GDR). The geological back-
ground is shortly outlined. All the measurements are carried out at the
pulsed reactor |BR-2 of the J|NR Dubna, Because of the complicated mineral
composition of the samples some efforts have to be made to obtain internal
and external compatlbility of pole fiqures. Spherical harmonics analyses
of experimental pole figures have been carried out up to ODF calculation.
In all four samples single component textures have been found where the
trigonal axes are parallel to the tectonic a-direction. In the quartz basal
plane pole figures the relatively strong maxima at + a are connected by a
girdle of weaker intensjty, Comparing the preferred orjentations of diffe-
rent samples the sharpness of textures is found to decrease from the crest
to the limb of the fold without significant changes of the type of basal
plane pole figures, From the pole figures of the prismatic planes a rota-
tion of the oriented crystal around threefold axis can be observed.

The investigation has been performed at the Laboratory of Neutron'
Physics, JINR.
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