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'ervu;v' PgrO'ijty

In this aburaCI vO!l,lme it is DOt possible 10 present
original microlraphs IS they will be shown <;In Ihe
original posle, dl,l,ing the poster presenllliOR of the
conference.

o

From the analysed examples (ca. 400 analysed micro_
lraphs) it can be inferred that in metamorphites 10

SO vol'Jil (Tab. I) of the rock-forming quarlt. is re
deposited after the climax of the metamorphum due to
alteralion proces.ses. lectonic breaking-I,lp and retrosrade
melamorphism. This high portion of palaeoporosity
originates in accl,lml,llaled volumes. The residual porosity
coocenlrates in palaeoporosily Uruclures providinl
evidence for Iheir consisting of newly formed minerali
%.Ilions due to nuid phl.les.

Gnjn Boundary PglQ$jty

radioaclive minerals such 15 uranium ores. :tircoo,
monuite. eiC. (Fi,. 7. radiolenic haInes; Fil. g, Kola
....ell)

- lOO~",

Fig. 1 Quartz, hydrOlhermal uranium mineraliution
GroBschloppen. Oberpfal:r:. Radiolenic
haines, uranium ore (black).

Fil· Quart:t, IOnalitic Ineiss. Koll SGJ ....ell.
deplh: 11,000 m. Diffusion porosity and
diHwion haines (black).

1 nuW;t'ljv' Ao.ly,j. pC !be PJI.t:QR9rm;sy

In lower crwul rock lhe grain boundary porosity pre
dominates. Here. the CL phenomena are determined by
Ih" composition of the solution diffusinl II the lrain
boundaries. (Fi,. 9. lrain bol,lndary porosity in granl,llite)

Quartz. with impacl-cataclasis. grlnile.
Gravberg well, Lake Siljan. Sweden. The
cll5ts have been ne ....ly cemented by YOl,lng
quartz (black).

Quarlt.. with channelway nuid passage.
episyenite. Honnersrel,lth. Oberpfal:t. The
channelways are healed with ql,lartz (black).

Greenschi.ll facies alleration in the course nf I,lplift,
shear and tensinn tectonil;:S (Fi,. 4. channel....ay in
granite)

b. Thermal cncklinl in malmatites (Fig. 5, Triberg

Innite)

•.

Fig.

It is typical of Ihe middle crust and occurs in migmltile
gneisses and at the end of ao HT melamorphism. Besides,
it is Iypical of tension leclooics and k!w-velocity
channels, e.g., in Ihe cent~1 Schwarzwald (Fig. 6.
pervasive fluid syuems).

In order to l.llS ....er the.se questiollll ....e must investigate
the subsequently sealed paluoporosity and palaeo
permeability.

2 P933ib!e Solutjon

Do they only represent the staae of pon
c:ry$talline!pomectollic uplift, of er05ioo Ind leueninl of
tension1

Generally. ill til crystalline rocks relies of Ihe rolutions
Ind lases of III prograde lnd retrograde genetic events
or structural processes have been preserved as nuid
inclusions. The sum of III these inclusions filled with

palaeoOuids is the sealed residual porosity (matrii\
poro.sity). The permeabililY is determined by· secondlrY
cltckilll, fraclure. and solution porosity. In comparison
10 .sediments the porosity lnd permeability values io
crystalline roc:k are e:Uremely 10.....

The CL iovestilations Ire clrried oul ....ith a device
based on an optical microscope. (In poster Neuser. Behr)
Ind a .scanning ele.:tron microscope. ....ith a spe<:ial CL
detector (Cambridge IDltrumenu 52S0 MK3. CL-Oetek
tOr 520 extended). The data are evaluated .... ith an image
analysis system (Viper).
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4 CL Stryclyre, from Quarn; Mjcmstruc!IIT(S jn
Crymmnc BOCk

By cathodoluminescence. healed palaeoporosity!palaeo
permeability events can be mlde visible and can be

classiFied. diHerent lenetic events can be diuinluished
and the volull1e of the accumulated palaeoporosities can
be inferred. The main components quart:t and feldspa"
Ire most suitable for this kind of investigation due to the
hilh sensitivilY of the CL characteristics in contrasting
changes in the concentration of activator elements in the
range of trace elements in Ihe minera1i:ting fluids. The

CL characteristics are abo determined by lattice defects
in the crystal laUice.

Are the porosity lnd permeability dl~ determine.d by
1011ina. labol"llo,y analyses or theoretically also typical
of 1«Ilol;cII crl,lst:aJ events?

DjfClI$jon Pprmjty
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Fig. 9 Ql,lartz. charnocklle, Yarberl, Sweden. Grain
bouodary porosity.
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Tab. I

Simple

IS Gn~15.a,,,t.. te: tl:-::I'l ~w

18 ;:'irignl!l5, olniltel'tI5:h S;.;
29 P,,~,~;;tt<ld CPF
31 Ep,~y~nlt OFF
"3 Gnb"'''';''ls.gr;;;'"i I tlsch SW
49 P...r~~nels SIol
'::·2 Lelltlnlt.J,g,,; SW
~4 t:y-G~els Slol
~6 Gnl'-,C'..r.els'9;an"llt:I<~, SW
57 • ern.. r;;,r,,,!, t SW
61 Granl t, Tr lber .. SIl
a .. Granlt,i"alkenberg OPi"
Ji? GraPlllt~"ar:lt OF;:-
79 "1'~ft..uar;; !lI'F"

00 data oblained

Fig. Quarl:t. thermal crackling, Triberg granite.
Schwatzwald. Pores and diUl,lsion haloes
appear black.

Fil. 6 Ql,lartz. pervuive fluid passage. gneiss
analuile, Horbach. Schwarzwald. Ql,llrtz
redeposited by pervuive fluids and pores
appear black.

It forms at grain boundaries, dead-end microcracks,
arouod fluid incll,lsions. al radiogel'lic lattice defects,
around Passales of radioaclive solulions and arouod

The palaeostructures dillioguished by Ct cao be I.Isiloed
to genelic processes and cruslal stock....orks. Examples are
sho....n in the following:

a. Internal microcataclasis in strike-slip zones (poly·
phase) (Fi,. I, Oberpfah ....ell)

b. Shear cracks in granite (monophasel (Fig. 2. FalJc:en
berllranite)

c. Impact cataclasis (Fig. 3. Gravberl ....ell. Lake Siljan)

The channelway porosily is Iypical Dr lhe I,lpper and
middle crult.

Fig. la Ql,lart:t, polyphase ClIIClastic,
....ell

The clasts have been newly cemented by quarl:t.

Fig. 2 Quan:t. monophl.le sheared, Falkenberg
granite. Oberpfal:t. The shear palhs are
healed wilh quartz (black).
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radioactive minerals such as uranium ores, zircon,
monazite, etc. (Fig. 7, radiogenic haloes; Fig. 8, Kola
well)

a. Greenschist facies alteration i n  the course of  upl i f t ,
shear and tension tectonics (Fig. 4, channelway in
granite)

b. Thermal crackling in  magmatites (Fig. 5, Triberg
granite)
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L Problem

Generally, in all crystalline rocks relics of  the solutions
and gases of  all prograde and retrograde genetic events
or structural processes have been preserved as fluid
inclusions. The sum of all these inclusions fi l led with
palaeofluids is the sealed residual porosity (matrix
porosity). The permeability is determined by secondary
cracking, fracture, and solution porosity. In comparison
to sediments the porosity and permeability values in
crystalline rock are extremely low.

Are the porosity and permeability data determined by
logging, laboratory analyses or theoretically also typical
of  geological crustal events?

Do they only represent the stage of  post-
crystalline/posttectonic upl i f t ,  o f  erosion and lessening of
tension?

In order to answer these questions we must investigate
the subsequently sealed palaeoporosity and palaeo-
permeability.

Fig. IFig. 7

100 um

Fig. T Quartz, hydrothermal uranium mineralization
Großschioppen, Oberpfalz. Radiogenic
haloes, uranium ore (black).

Fig. 8 Quartz, tonalitic gneiss. Kola SG3 well,
depth: 11,000 m. Diffusion porosity and
diffusion haloes (black).

Fig. 3 Quartz, with impact-cataclasis, granite,
Gravberg well, Lake Siljan, Sweden. The
clasts have been newly cemented by young
quartz (black).

Fig. 4 Quartz, with channeiway fluid passage,
episyenite, Konnersreuth, Oberpfalz. The
channelways are healed with quartz (black).

2, Possible Solution

By cathodoluminescence, healed palaeoporosity/palaeo-
permeability events can be made visible and can be
classified, different genetic events can be distinguished
and the volume of the accumulated palaeoporosities can
be inferred. The main components quartz and feldspars
are most suitable for this kind of  investigation due to the
high sensitivity of  the CL  characteristics i n  contrasting
changes in the concentration of  activator elements i n  the
range of  trace elements in the mineralizing fluids. The
CL  characteristics are also determined by lattice defects
i n  the crystal lattice.

3, Methods

The CL  investigations are carried out with a device
based on an optical microscope (see poster Neuser, Behr)
and a scanning electron microscope with a special CL
detector (Cambridge Instruments S250 MK3,  CL-Detek-
tor S20 extended). The data are evaluated with an image
analysis system (Viper).

Grain Boundary Porosity

Pervasive Porosity In  lower crustal rock the grain boundary porosity pre-
dominates. Here, the CL  phenomena are determined by
the composition of  the solution diffusing at the grain
boundaries. (Fig. 9, grain boundary porosity in  granulite)

I t  is typical of  the middle crust and occurs i n  migmatite
gneisses and at the end of an HT  metamorphism. Besides,
i t  is typical of  tension tectonics and low-velocity
channels, e.g., i n  the central Schwarzwald (Fig. 6,
pervasive fluid systems). 5. Quantitative Analysis of the Palaeoporosity

From the analysed examples (ca. 400 analysed micro-
graphs) i t  can be inferred that i n  metamorphites 10-
50 vol% (Tab. 1) o f  the rock- forming quartz is re-
deposited after the climax of  the metamorphism due to
alteration processes, tectonic breaking-up and retrograde
metamorphism. This high portion of  palaeoporosity
originates in  accumulated volumes. The residual porosity
concentrates in palaeoporosity structures providing
evidence for their consisting of newly formed minerali-
zations due to f luid phases.

In  this abstract volume i t  is not possible to present
original micrographs as they wi l l  be shown on the
original poster during the poster presentation of  the
conference.

4, CL  Structures from
Crystalline Rock

Quartz Microstructures in

Fig. 5 Quartz, thermal crackling, Triberg granite.
Schwarzwald. Pores and diffusion haloes
appear black.

Fig. 6 Quartz, pervasive fluid passage, gneiss
anatexite, Horbach, Schwarzwald. Quartz
redeposited by pervasive fluids and pores
appear black.

The palaeostructures distinguished by CL  can be assigned
to genetic processes and crustal stockworks. Examples are
shown in  the following:

Cataclasis

*0 pm

a. Internal microcataclasis i n  strike-slip zones (poly-
phase) (Fig. 1, Oberpfalz well)

b. Shear cracks i n  granite (monophase) (Fig. 2, Falken-
berg granite)

c. Impact cataclasis (Fig. 3, Gravberg well. Lake Siljan)
Diffusion Porosity

Fig. 9 Quartz, charnockite, Varberg, Sweden. Grain
boundary porosity.

I t  forms at grain boundaries, dead-end microcracks,
around fluid inclusions, at radiogenic lattice defects,
around passages of radioactive solutions and around

:oo

Fig. la  Quartz, polyphase cataclastic, Oberpfalz
well

The clasts have been newly cemented by quartz.
Falkenberg
paths are

Tab. 1
sample porosity redeposited Kind of

in  quartz (%) quartz (%) stress by fluids
13 bneis.metate! t i s ch  5W 0,53 29,00 0.82 pervasiv
13 Faragneis, ana tek t isch SW 2,20 29,16 7.54 pervasiv
29 Pegmatoid CPF 0,54 9 ,21 5 ,So c rack l i ng
31 Episyeni t  OFF 1,26 13.20 2,63 crack l ing
43 Grthogr ie is .g ranu i i  t i s ch  SU 0.31 47.52 0,63 pervasiv
4? Paragneis Su 0.95 ♦ fr ♦
52 Lep t i n i t ,  l ag i g  5W 0.51 ♦ ♦ fr-
54 Ky-Siieis SW 0,50 ♦ it
56 Or thogne is .granu l i  t i sch  SU 0,73 14,00 S,71 rorngrensdi f  f us ion
57 Kerngranul i t  SW 0.42 * *
61 Gran i t ,  T r iberg 5W 0,50 9,33 * J.5 c rack l i ng
84 Grani t , Falkenberg OFF 0.5? 34.63 1,32 crackling
32 Graphi tquarz i t  OFF 2,03 * # *
79 K lu f tquarz  OFF 5,44 • *

* - no data obtained porosity of the
OPF - Oberpfalz redeposited
SW - Schwarzwald quartz (%)

Fig.  2 Quartz, monophase sheared,
granite, Oberpfalz. The shear
healed with quartz (black).

Channelwav Porosity

The channelway porosity is typical of the upper and
middle crust.
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