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Vorwort

Die vorliegende ,Kleine Gelandehelfer” enthélt eine Sammlung von Arbeitsunterlagen
fur die strukturgeologische Geldndeaufnahme und Interpretation der Daten. Die
Auswahl erfolgte speziell im Hinblick auf die geologischen Gegebenheiten in der
Vastervik-Region (SE-Schweden), die durch komplexe strukturelle Beziehungen zwi-
schen mehrphasig intrudierten Magmatiten, damit verbundenen Migmatiten sowie
Metasedimenten mit gut erhaltenen Primargefiigen charakterisiert ist. Mehrphasige
Deformationen werden durch komplexe Faltenstrukturen und verschiedene Gene-
rationen von Myloniten und Kataklasiten abgebildet. Hinzu kommen zahlreiche
Gangscharen, die Uber einen langen Zeitraum in unterschiedlichen Spannungsfel-
dern angelegt wurden. Als weitere Phdnomene werden Mischungen zwischen basi-
schen und felsischen Magmen und metasomatische Uberpragungen in unterschiedli-
chen Dimensionen beobachtet.

Es ist geplant, die Sammlung jahrlich zu Uberarbeiten. Hierzu wéaren Verbesserungs-
bzw. Ergdnzungsvorschlage von Seiten der Anwender sehr willkommen.

Die Sammlung enthélt neben einigen selbst gestalteten Unterlagen vor allem Kopien
aus Lehrblichern und speziellen Publikationen (siehe Literatur/Quellen) und sollte
deshalb aus urheberrechtlichen Grinden nur dem persénlichen Gebrauch dienen.
Fur wenige Unterlagen konnte die Quelle nicht mehr ermittelt werden. Auch hierzu
waren Hinweise willkommen.
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Feldbuch und orientierte Probennahme (aus Passchier et al. 1990)
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outcrop 1.2., Main road to Hambantota, 200m
south of road junction.

isoclinally folded granite vein with axial planar
foliation of biotite and homblende preferred
orientation. Follation and granite vein are cut by
an undelormed aplite dyke. Aplite contains
almandine and possibly tourmaline (7). Host
rock lacks hypersthene but large hornblende
may be a pseud hii I of
hypersthene.

S1:310-54
aplite vein orientation : 81 - 74
fold axis cannot be measured

Fig. 2.1. Fabric elements visible in outcrop must be recorded by short descriptions and by

sketches.

Outcrop 3.1: quarry 500 m S of 1
bridge on Colombo-Galle road.
Undeformed pink granite. Sample

23.6: orientation 124-15 (X=top)

Fig. 2.5. Illustration of how to orient a sample; after detaching the sample, it is fitted back
into its original position, and a (relatively) planar surface is selected for measurement, The
orientation of this surface is marked with a dip and strike symbol. An extra mark (e.g. X for the
top) is needed to indicate whether the measured surface is the top or bottom of the sample. The
sample is then numbered, and the orientation of the marked surface is entered into the notebook.
In this case dip direction (124) and dip (15) have been measured. A sketch of the setting where
the sample is taken may be useful if the local structure is complex.
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Beispiele fur Gelandenotizen (Quelle unbekannt)
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Strukturgeologische Symbole (aus: Hatcher 1995)

Mesoscopic Structures Map-Scale Structures

/ NE strike and 37° SE dip of inclined badding. / NE strike of vertical joint.

a _ _ _... Contactbetween rock units; exactly located (solid), approximately located (dashed),

concealed or indefinite (dotted).

43 NW sirike, 43° NE dip of inclined bedding; facing direction 1o —+— Horizontal joint.

\{ NE (in direction of dot).
U . High-angle fault: U-upth side, D- side; exactly located (solid), approximately
D located (dashed), concealed or indefinite (dotted).
)( NE strike of vertical bedding. — NE trend and 17° plunge of lineation.
. Normal fault: ball and stick on downthrown side; exactly located (solid), approximately
X NW strike of vertical bedding: top to SW (in direction of dot). 22y NW trend and 22° plunge of intersection [y located (dashed), concealed or indefinite (dotted).
lineation.
® Horizontal bedding Y T T Y Thustfaut, teeth or T on hangi Il oriented parallel to fault; exactly located
- A SE trend and 14° of o o rust fault, or T on hanging wall oriented parallel to fault; exactly loca
i L e or (solid), approximately located (dashed), concealed or indefinite (dotted).
- — - ..

. 43

y( NE strike and 53° SE dip of overtumed bedding. /é—'T r:n:‘::;mpﬁ‘;i:“mp:nmlm' NE
- Sinistral (left-lateral) strike-slip fault; exactly located (solid), approximately located (dashed),
14 — — T T 7" concealed or indefinite (dotted). -4-
% 47 NE strike and 47° SE dip of overtumed bedding; facing direction to \ NW trend and 14° plunge of antiform,
SE (in direction of dot).
- - -
o 67 2 / SW trend and 22° plunge of synform. /)( - SW-trending anticline (or antiform); arrow on SW end indicates plunge; exactly located
\\\ \ g7 NW strike and 67° NE dip of inclined foliation, schistosity, or cleavage. or _ - (solid). appre :
. /
42 § . . o . NE strike, 52° NW dip of foliation; NE trend
NW strike and 42° NE dip of inclined second-generation cleavage or 52 . "
\k crenulation cleavage. and 8° NE plunge of an antiform, \;!\
27 or T - SE-trending syncline (or synform); arrow on SE end indicates plunga; exactly located
/Q<' NE trend and 27° plunge of overtumed antiform. (solid), approximately located (dashed).

/< 52 NW strike of vertical follation, schistosity, or cleavage.

NW trend and 36° plunge of overtumed synform.

- NE-trending overturned anticline (or antiform); arrow on NE end indicates direction of plunge.
\s\ \ \ NE strike and 52° SE dip of inclined parallel foliation and bedding. ,.,—ﬂ’/

9° SE plunge of cverturned antiform.

/‘./ Vertical foliation paraliel to bedding.

33\6(
/ﬁ—’ 9 NE strike, 28° SE dip of bedding; SE trend,
28

>

- NE-trending overturned anticline (or antiform); triangle on axis indicates dip direction of
NE-trending Z foid, plunging 38° NE. ’/&( axial surface; arrow indicates plunge direction of axis.
x >< b foliation, schistosity, or g
47
SI NE-trending S fold, plunging 47° NE. \S« NW-trending overturned syncline (or synform); arrow on NW end indicates plunge.
/76 NE strike and 76° SE dip of joint, \ N



Platznahme von Granitoiden

DIAPIRISM CAULDRON SUBSIDENCE - STOPING

COUNTRY ROCKS MOVE DOWN
(vertical cross-sections)

DOMING

COUNTRY ROCKS MOVE UP
(vertical cross-sections)

\comprméon

TRANSTENSIONAL TRANSCURRENT BALLOONING
TO TRANSPRESSIVE

COUNTRY ROCKS MOVE LATERALLY
(pian views)
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Table 2.2 Field characteristics relevant to the level of emplacement of granitoid intrusions. Plutons intruded at

intermediate levels show transitional characteristics

Feature

Shallow intrusions

Deep-seated intrusions

Contact relations with country rocks

Pluton shapes

Contact facies of the granitoid

Internal structures

Textures

Regional metamorphic grade of
country rocks

Thermal aureole

Migmatites

Other possible diagnostic (?)
characteristics

predominantly sharp and discordant

discrete isotropic to mildly

anisotropic plutons

may be finer-grained
internally controlled; structures

unrelated to those in country
rocks

massive, may be porphyritic,

granophyric

greenschist, lower amphibolite

prominent in rocks of suitable

composition, ¢.g. pelites

local; restricted to contacts

predominantly diffuse and concordant

domes, conformable sheets

no chilled margins
externally imposed; structures similar
to thosc in country rock

foliated, aphyric to augen gneisses

upper amphibolite, granulite

obscure in most cascs

regional (sce Fig. 15-12 in
Compton, 1985)

miarolitic cavities; pegmatite dykes;

hydrothermal alteration;
granophyric textures; roof
pendants; breccia dykes;
cogenetic volcanic rocks nearby;
abundant country rock xenoliths

Table 2.3 Characteristics of some styles of ascent and emplacement

Emplacement style

Type* Exocontact

Contact**

Endocontact

Diapirism F
(Marsh 1982, 1984;
Batcman 1984,
1985) '
(Fig. 2.12a)

Cauldron subsidence, P
stoping
(Daly 1933; Marsh
1982)
(Fig. 2.12b,¢)
Fracture exploitation F
(Shaw.1980; Castro
1987)
(Fig. 2.12b-f)
Fluidization F
(Reedman et al., 1987)

Ballooning F
(Pitcher and Read,

1963; Bateinan,

1985; Ramssey,

1989)
(Fig. 2.12g)

Post-magmatic F
tectonic

(Guinebertcau et al.,
1987; Jamicson
et al., 1987,
Marre, 1986)

(Fig. 2.12h)

In-situ melting p

(Joplin, 1962; Currie
and Pajari, 1981)

(Fig. 2.12i)

Zonc melting P

(Harris 1957; Marsh
1982)

(Fig. 2.12j)

Granitization P

(Kresten, 1988)

(Fig. 2.12k)

_ contact-parallel foliation;

aurcole porphyroblasts -
syn-kincmatic with
diapiric foliation;
compressional fcatures,

deflected structures, (c.g.

rim synclines)

country rocks structurally
undisturbed; thermal
aurcole

dilation, offsets, shearing

possible diffusion and
infiltration metasomatic
effects

aureole deformation

- continuous with that in
pluton; intensity of
deformation decreases
away from contact;
contact minerals
synkinematic

brittle and/or ductile
deformation; shearing,
cataclasis,
mylonitization, drag
folds, tension gashes,
thermal aurcole absent

regional migmatite

country rocks structurally
undisturbed; thermal
aureole

basic front?

shearing along contact
possible

sharp to diffuse

pluton circular in plan;
marginal foliation
parallel to contact

abundant country rock
xenoliths, chilled
margin

straight, curved; fault-gouge, ?

breccia; mylonite

sharp

deformation parallel to
contact

sharp to diffuse; straight to
arcuate; fault gouge,
slickensides

diffuse transition from
country rock to ‘pluton’

diffuse

F = forceful

diffuse P = passive

heterogencous mixture of
rounded blocks and
finer matrix

flattening

brittle and/or ductile
deformation; shearing,
cataclasis,
mylonitization

no evidence(?)

aus: Pitcher 1993
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Intrusionsstrukturen 1 (aus: Price & Cosgrove 1990)

Topographical surfacc-l

O
Propagation L'q

direction

Width

I Separation

id
rimbeness Buloge

Length

Fig. 3.1. (a) Near-planar concordant and discordant intrusions, (sill
and dyke) in flat-lying sediments. (h) Types of non-planar concord-
ant intrusions: a laccolith may have a flat base but an upward H
concave roof; a lopolith may have saucer-shaped or approximately ~d
flat roof and downward-curved (sagging) floor and a phacolith has
a concavo-convex form. Phacoliths when they are ore bodies are
termed saddle-reefs.

Flow
direction

Thickness

Ring dyke

Cone sheet

Trend of dyke

(b) y

(c)

Fig. 3.30. (a) Terms used to describe discontinuous and off-set
dykes. (b) Further morphological features of off-set dykes. (c)
Postulated change of orientation of stresses with depth necessary to
cause the development of en echelon dykes. (a), (b) and (c) after
Delaney & Pollard, 1981.)

Fig. 4.43. (a) Idealised geometry of cone sheets and ring dykes. (b)
Ring structures in relationship to a major intrusion. (After Cloos,
1936.)



Intrusionsstrukturen 2 (aus: Price & Cosgrove 1990)

U8+

' Intrusion)

e

Fig. 3.35. Geometry of an intrusion along oblique planes of
weakness in relation to the orientation of the axis of least principal
stress.

Iy - Auto-intrusion

Country rock

Fig. 4.29. (a) Ductile and (b) ‘brittle’ auto-intrusions.

Wall
rock

Second

intrusion ,_First

intrusion

Fig. 3.43. Schematic morphology of horizontal, polygonal columns
in a dyke which has experienced two phases of emplacement and
exhibits a central suture. A later phase of intrusion may cause
distortion of earlier polygons.

| I :
i
’I ,’ HI 1l
LY
(b)

Iiifl
Iy
it

Fig. 4.30. Examples of how the geometry of an intrusion may be
inferred from (a) thrusts and (b) extension fractures which develop
near the interface between intrusion and country rock.

Ladder fracture

Fig. 3.45. Schematic representation of polygonal columns in a sill
with ladder fractures. Dome and basin form of the ladder fractures
are shown at A and B respectively.



Intrusionsstrukturen 3 (aus: Shelley 1993)
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Strukturformen im Kontaktbereich von granitischen Intrusionen (Quelle unbekannt)

(a) Injection Permeation or
= (b} partial meliing

M ﬁ”;‘

[njection o
pactial mwelting
T

S '
B
i EORT I
o e A N A LA
WALL ROCK BORDER GRANITIC

ZONE INTRUSION

SEGMENTED FRACTURE SYSTEMS

ZIGZAG

dilation oblique to segments

IRREGULAR BRAIDED EN-ECHELON

dilation normal o dilation normal to dilation nonrénaé]t.o and normal to envelope
segments and segments and segments and oblique
ege’:mrealopn:,l gnvelope to envelope HOST-ROCK ~ HOST-ROCK

WITH 2 SETS WITH 1 SET
OF PLANAR OF PLANAR  HOMOGENEOUS
ELEMENTS ELEMENTS HOSTROCK
B

ol «" - v 9( - 4
al> q\\ - v/A 4
[ O

<
)b

O O OO0

legend host-rock with stereographic projection
pre-existing dilation - B of poles to segments.
fracture planar structures direction with envelope and dilation

Fig. 6. Classification of dyke-fracture geometry in cross section.

aus: Hoek 1991



Moglickeiten der Foliationsbildung in Granitoiden (Quelle unbekannt)
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Fig. 2.8 Methods of formation of foliation and banding in granitic rocks
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Stofflicher Lagenbau in Plutoniten (aus: Shelley 1993)
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Fig. 4.33 Schematic views of features associated with layering in plutonic rocks. (A):
Colloform layering with individual mounds of the order of 1 m across. (B): Crescumulate
texture with crystals elongate at a high angle to layering. (C): Density grading, with heavier
minerals typically concentrated at the base of layers. (D): Grain-size grading with coarser
grains typically at the base of layers.

Interne Intrusionskontakte in Plutoniten
(aus: Pitcher 1993)

Coarsening
over 20m

Figure 6.2 Types of internal contacts within the Rosses pluton, Donegal. T-1. outer contact:

1-2, contact between pulses 1 and 2; 2-3, contact between pulses 2 and 3. Stipple depicts

changes of grain size. Triangle-like shapes depict potassium feldspar crystals; arrows indicate
younging direction.

-12-



Klassifizierung der Magmatite nach Streckeisen

Vulkanite Plutonite

quarzreiche
Granitoide

Granite

Quarzdiorite

. - Quarz-
til;:jl:ce thglmltll:che Alkalifeldspat- D Quare und -gabbros
asalte, ; .
Andesite Syenite monzonite und -gabbros Diorite, Gabbros,
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plagisy [Essexite]
-13-
60%
Farbzahl M (Anteil mafischer Minerale) = 0-90 (%) Foidolithe
Mephelinite, aus
Leucitite etc. Stosch, Hollerbach u. Eckholdt (2001):
F F Ubungen zur Gesteins- und Mineral-

bestimmuna. Skriot Univ. Karlsruhe
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Zusammensetzung Magmatite

feinkornig | Vulkanite
porphyg‘:;: Rhyolith Dazit Andesit Basalt Pikrit Komatiit

grob- Plutonite

kornig Granit Granodiorit Diorit Gabbro Peridotit
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TR LT T L)
ottt
i I
iy beetee,

= 80} ity

@ |

o

[~ %

g 60f-

£ Kalifeldspat
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= Olivin
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E

=
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Gesteine werden zunehmend dunkler

steigender SiO,-Gehalt

Quelle unbekannt

Table 8.1. Summary of the distinctive features of the S- and I-type granites of the Lachlan
Fold Belt as originally proposed by Chappell and White (1974).

I-types

S-types

(1)  Metaluminous  mineralogy;  horn-
blende common and more abundant
than biotite in mafic samples; acces-

sory sphene common

(ii) Hornblende-rich  igneous-appearing
xenoliths

(ii1) Relatively high Na,O

(iv) Molecular Al,O+/(Na,O + K,O +
Ca0O) < 1.1

(v) Normative diopside or small amounts
of normative corundum

(vi) Broad spectrum of compositions from
mafic to felsic

(vii) Regular inter-element  variations
within plutons; linear or near linear
variation diagrams

(viii) Mafic hornblende-bearing enclaves

(ix) Initial *’Sr/*Sr 0.704-0.706

(x)  Usually unfoliated; contacts strongly

discordant; well developed contact
aureoles

Peraluminous mineralogy: biotite and mus-
covite predominate; no hornblende; some
cordierite and/or aluminosilicates; monazite
may be accessory

Pelitic or quartzose metasedimentary xeno-
liths

Relatively low Na,O

Molecular AlLO4/(Na,O + K,O + CaO)
>1.1

Normative corundum >1%

Narrow range of more felsic rocks
More irregular variation diagrams
Metasedimentary enclaves

Initial *’Sr/*°Sr >0.708

Often foliated; sometimes surrounded by
high grade metamorphic rocks

aus Pitcher 1993
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4.FILLING OF FRACTURES
—~ mafic dikes

3.FILLING OF EARLY FRACTURES
-~ composite or fragmented dikes

2. MINGLING

— mafic magmatic enclaves
1. MIXING

~ calc-alkaline granitolds

aus: Barbarin 1989

MAFIC MAGMA

Im Experiment beobachtete Strukturen

(aus: Koopmann 2004)

—

L — Y

| o’
B

,’ ®

Suspended crystals

New hybrid magma
being incorporated
into magm

Crack propagates
into magma

/

£# Initiation of
*f emplacement|::-

Y Redistribution of
_ introduced material
in dynamic magma chamber

New liquid
added 1o
magma

Figure 9.4 Diagram illustrating inferred relationship between mafic dykes and inclusion
trains. (a) Wall of crystallizing magma chamber showing solidified material to right and
magma containing suspended crystals to left. (b) Propagating crack intersects solid-magma
interface. Mafic liquid is then emplaced along the crack. Magma adjacent to the pluton wall
behaves in a brittle manner at the time-scale of crack propagation and dyke emplacement.
(c) Flow of liquid through conduit, with inferred addition of liquid to the volume of liquid
already resident in the chamber. (d) Mixing of new liquid with old liquid, probably
accompanied by considerable precipitation of plagioclase and hornblende because of the
temperature difference between the dyke liquid and the ambient temperature within the
magma chamber. Partly solidified dyke is veined by tonalitic liquids from the magma
chamber; pillows of mafic liquid may form, depending on viscosity contrast between the
resident and added liquids. (e) Re-establishment of convective system within the magma
chamber. Hybrid liquids, suspended crystals, and disaggregated dyke rock are redistributed
parallel to the pluton walls. (f) Repeat of cycle. Reproduced from Hill (1988) in dedication to
the author and with the permission of the Journal of Geophysical Research

aus: Pitcher 1993
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Enklaven
Term Nature Contact Shape Eeatures
Nenolith Piece of country rocks Contact-metam.
eno (hornfels) Sharp Angular texture & minerals
Xen Isolated forei tal 5 Corrosion
ﬁ ocryst ) oreign crys harp Globular Reactional e
> . . ) Metamorphic texture
Surmicaceous Residue of meliing Sharp with Lenticular Micas
Q enclave {restite) biolitic crust & Al-rich minerals
A Schlieren Disrupted enclave Gradual Oblate Planar
orientation
U Felsic ted & E
microgranular Disrup arp ; ine-grained
2 enclave fine-grained margin or gradual Ovoid Igneous texture
nﬂ Mafic Fi ined
mic nular . ine-grain
TIE::»! Blob l:_lf coeval magma Mostly sharp Ovoid Igneous texture
Cumulate encla P
(Autollth) Disrupted cumulate Mostly gradual Ovoid ctrge grained.

Beziehung zwischen Enklaven und Wirtsgesteinen

Eél
I

Legend

Host magmatic
fabric

No host fabric

EIE] Enclave magmatic

Cartoon showing the range of possible relationships between enclave shapes, internal magmatic mineral
fabrics in enclaves, and magmatic mineral fabrics in the host granite. Although it is impossible to do so
completely, the examples have been arranged to emphasize relationships most likely to result from
simultaneous strain of enclaves and matrix (top left) to those indicating that enclaves were rigid objects
during final matrix strain. Note, however, that even the most likely could have formed by high
temperature strain of enclaves (to form enclave shape and internal mineral alignment) and subsequent
rigid rotationparallel to the matrix foliation.

aus Paterson et al. (2004)
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Magmatische Grenzflachen (auch Hangend- Liegendkriterien)

Microgranodiorite

2 0 5 %0% Co 002° O pChe H
) o 0o 05 000‘20 20 Décoo%i DO o ‘O
Microdiorite aus: Vaughan & Thistlewood 1995

10cm

Fig. 4. Block diagram summarizing the relationship between the structures of Fig. 2 and Fig. 3.

Fig. 3.15 Schemauc illustration of the
development of (a) flame structures and
(b) load casts in laminated igneous rocks
subject to plastic deformation caused by
reversed density gradients prior to final con-
solidation (i.e. dark stippled material is
heavier than light suppled material). In
(a) the light material has lower viscosity
than in (b), hence the relauvely narrow
flﬂ.ml_' structures al'ld hrl)ader I()ad casts,
respectively. In both (a) and (b) the
sequence from left to right shows the evolu-
tion of the structures with time.

aus Thorpe & Brown 1985
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Klassifizierung pyroklastischer Gesteine

Glass Ash (< 2 mm) Lapilli (2-64 mm)

Lapilli-
Lapilli stone
Tuff

Tuff

30

Lapilli-Tuff
Breccia

Pyroclastic
Breccia or

Rock Fragments Crystals Blocks and Bombs
(> 64 mm)

(@) (b)

www.whitman.edu/geology/winter/

Klassifizierung siliziklastischer Gesteine

Tonge-
stein

Grauwacken

Quarzsandstein
{Quarzarenit)

(aus Tucker 1985, nach Pettijohn et al. (1973)



-20 -

Klassifizierung von Metamorphiten

Klassifikation der metamorphen Gesteine (aus MURAWSET 1992)

Hornfels, Adinol And
Garben-, Fleck, Kalk- Marmor Cor
Fruchschiefer, silikat- 5il
Spilosit, Desmosit felse Bt
Quarz- toniger Grau- Mergel g
Konglo- | Crd- | Granit | Samd | " | Dioit | M™% | Gabbro | Memel | Kalk |3 2
merat stein <tein sandiger ton Kalk <3
Ton =
| konglom. Kalk- Sz
| Quarzit, Quarz- | o e Chlorit. | GFin- Kalk- Ch
‘2| Quarz- . phylit - . o | schiefer | phyllite Ab
12| phyliie geschie- schiefer Eni
2 ferter + Horn- H iB
=| .| konglom myloniti- blende- bl“':; \;
| £ | Quarzit sierter | Quarz- | . schiefer oo Ortho- | Kalk s
E|q : - : Glimmer- schiefer, e Hbl
£\ g| Quarz- Quarzit Grauit | glimmer- schiefer Para |AWPhiboli| ghimmer- | o 00 | o
E < | glimmer- schiefer hiboli tEklogit | schiefer Di
=|7| schiefer paIbo s
= t Gra
_fl P 2;2]:2_ Horn- Horn- Kalk- Fsp
< e Granois | Leovtie, | Para | o | blemde- | oy, | SilEt Bt
= gneis Hiillefli Granulite | gneis . oneis, gneise, Gra
2 nta, eS| Fliogi el sil
Leptite ogit -felse :
Quarz  Karbonat- Karbonate
o{‘wpz/ Calcit-Quarz-Fels \ Quarzmarmor Maymor
Albit- /L ] K«q\a‘; "
(Mikroklin-) | & oaﬂ"‘ f=
Quarzit| & )
Calcit-Quarz-
Phyilit

Serizit-Chlorit-
Gneis

(Mikroklin-)
Gneis od. Phyllit

Albit (Mikroklin) Serizit (Biotit, Chlorit) A
Chlorit Epidotgruppe
Chiogiit Eplgglr;g:?m- Chiorit-Epidosit \

Epidosit

epidotreicher
Griinschiefer

Grinschiefer

Albit-Epidot-
Fels

Epidosit-
Amphibolit

albitreicher
Grinschiefer

Epidot-Albit-
Fels

Leuko-Epidot-
Amphibolit

Amphibolit

Albitfels

Leuko-Hornblende: Albit-Hornblende-
\ Fels Schiefer Ho e
Albit Hornblende B

A) Klassifikation der niedrig metamorphen Metamorphite mit Quarz, Alkalifeldspaten, Serizit und Karbonaten als
Hauptgemengteilen. Nach FrirscH, Mexner & WIESENEDER 1967.

B) Klassifikation der niedrig metamorphen Metabasite und Albitgesteine (Quelle wie A). aus: Wimmenauer 1985
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QUARZ

quarzitische

Gneise bzw.
Phyllite

Glimmerfels

/ (Schiefergneis, (Sericitfels)
/ -phyll. Gneis ) , ;
FELDSPAT .= ivegeas padiicl (o Simhin it o i 6 GLIMMER
meist Albit - (< 0,2mm) meist Sericit
Abb. 3.19. Nomenklatur-Diagramm von schwachgradig metamorphen Quarz-Feldspat-Glimmer-
Gesteinen
QUARZ

quarzitische
Gneise bzw
Glimmerschiefer

Glimmer -
fels

FELDSPAT GLIMMER
: - (>0,2mm)

Abb. 3.20. Nomenklatur-Diagramm von mittelgradig metamorphen Quar_z-Feldspat—Glimmer-
; Gesteinen



Appendix lll: Petrogenetic grid for pelites (and
psammites)

Key to reaction curves shown on P-T grid of this appendix (Figure A.III). Mineral
abbreviations are after Kretz (1983), and are summarised in Appendix I.

(1) (Stp+ Ms)-out’ ='(Bt + Ms)-in’ (after Nitsch, 1970).

(2) Arg=Cal transformation (after Johannes and Puhan, 1971; Crawford and
Hoersch, 1972).

(3) Cld =St (based on data from Hoschek, 1969; Ganguly and Newton, 1969).

(4) Chl+Ms+Qtz=Crd + Bt +Al,SiOs+H,0 (after Hirschberg and Winkler,
1968).

(5) Pri=Al,SiO5+Qtz+H,0 (based on data of Hemley, 1967; Kerrick, 1968,
extended to higher P-T using calculations of phase equilibria from Wall and
Essene, 1972).

(6) Kln+ Qtz=Prl+ H,0 (based on data of Thompson, 1970).

(7) Ms+Qtz=Kfs+Al,SiO; +H,0 (Althaus et al., 1970).

(8) Ab+Ms+Qtz+ H,0 =melt+ Al,SiO, (Storre and Karotke, 1971).

(9) Ab+Or+ Qtz+ H,0 = melt (Tuttle and Bowen, 1958; Merrill et al., 1970).

(10) pure Sps-in

(11) pure Alm-in } (Hsu, 1968).

(12) Almg,-Sps,;-in

(13) Type Ib==Type IIb chlorite (based on Hayes, 1970).

(14) approximate position marking mixed-layer clays-OUT (after Hoffman and
Hower, 1979).

(15) 2M-Mica-IN (approximate) (after Hoffman and Hower, 1979).

V = vitrinite reflectance values (R,,) in relation to temperature (after Teichmuller,
1987).

ILLITE-field is based on Hoffman and Hower (1979).

Calculated JADEITE curves are from Brown and Ghent (1983) based on studies
by Newton and Smith (1967), Ganguly (1973) and Wood et al. (1980).

Al,SiOg stability fields based on experimental work of Salje (1986).

PELITES + PSAMMITES

12
s
1 N
3
ol NOT z
OBSERVED 5\
9+ é 3 /
o / &
W2
P
(Kb)®
5F 2 P@.’f
»
br £ Z SILLIMANITE
/¢ 3 4 o /|
¥ Z o 1\ &
2 /¢ 1 \E“G‘
P 2 76 KN
1t > mb % b -
£( :
" YA A
"0 100 0 300 600 700 800

Figure A.IIl Petrogenetic grid [or pelites (and psammites).

aus: Barker 1990
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(a) METABASITES

Appendix IV: Petrogenetic grid for metabasites 1.[
16
Key to reaction curves shown on the P-T grids of Figures A.IVa and A.IVb. Mineral
abbreviations are after Kretz (1983), and are summarised in Appendix I. sr uwi,
L NOT -
(1)  Arg=Cal transformation (after Johannes and Puhan, 1971; Crawford and " OBSERVED Y _/§
Hoersch, 1972). 13} /._.‘-'
(2) maximum stability field for natural GLAUCOPHANES (after Maresch, w2l 3
1977).
(3) (Stp+ Ms)-out’ =(Bt + Ms)-in’ (after Nitsch, 1970). 1
(4a)  Prh+ Chl==Pmp + Act + Qtz) (after Winkler, 1979). 10
(4b) Prh+Chl==Pmp +Act+Czo).
(4c) Prh=Zo+Grs+Qtz+H,0 (data from Liou, 1971a) (upper stability limit P i
of prehnite in CaO-S8i0,-Al,0,-H,0 system). (Kb) g

(5a—f) from Liou et al., 1985.

(5a) Hul=Lmt+Qtz+H,0.

(5b) Lmt+ Pmp=Czo+Qtz+H,0.

(5¢c) Prh+Chl+Qtz=Czo+Tr+H,0.

(5d) Prh+Chl+Qtz=Pmp+Tr+H,0.

(5¢) Pmp+Chl+Qtz=Czo+Tr+H,0.

(5 Gln+Czo+Qtz+H,0=Tr+ Chl+Ab.

(6a) ‘Olg-in’ (from Maruyama et al., 1983).

(6b)  zone (stippled) of 2-plagioclases (from Maruyama et al., 1983).

(7) Actinolite = Hornblende (generalised zone of transition based on petro-
graphic observation, geothermometry and geobarometry).

(8) Lws=Zo+Mrg+Qtz+H,O (Nitsch, 1974). 0,
(9) Mg-pmp=Czo+ Chl+Grs+Qtz+H,0 (Schiffiman and Liou, 1980). (b)
(10) ‘Pyx(Hy)-in" (often corresponds to ‘Hbl-out’) (generalised position based on Ty
petrographic observation, geothermometry and geobarometry). ('&I GLAUCOH*ANE‘\& 5?
(11)  Spl-Lherzolite == Grt-Lherzolite (O'Neill, 1981). 4+ e )
(12a)  Spl-Pyroxenite == Grt-Pyroxenite (Herzberg, 1978). Q\
(12b)  Ol+Pl==Opx + Cpx+Spl. \13
(13)  Anl+Qtz==Ab+H,0 (Campbell and Fyfe, 1965). 3 -@
(14  Wr=Qtz+An+ H,0 (Liou, 1970, 1971b). %
(15)  Lmt=Wr+H,0. D,
(16a) Lmt==Lws+ Qtz+H,O (Liou, 1971b). ol ‘!%\
(16b) Lws+Qtz=Wr.
(17a)  ‘Pl-out’ [Ol-Tholeite]
(17b)  ‘Pl-out’ [Peridotite] } @J
(17¢)  “Pl-out’ [Qtz-Tholeite] (Saxena and Eriksson, 1985). 1 S ,
(18a) ‘Grt-in’ [Ol-Tholeite] e
(18b) ‘Grt-in’ [Peridotite]
(18¢) ‘Grt-in’ [Qtz-Tholeite] 0
(19a) Ol+Opx+Cpx+ Pl=Pl+ Opx + Cpx + Spl (for peridotite). 100
(19b) Ol+Opx+Cpx+Spl=0I+ Opx + Cpx + Grt (for peridotite) (Wyllie, 1971, (T °C)
1979).

Figure A.IV (a) Complete petrogenetic grid (P = 0-17kbar; T = 0-1000°C). (b) Detail of low
grade portion of petrogenetic grid (P = 0-4.5kbar; T = 100-500°C).

aus: Barker 1990
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Mogliche Edukte metamorpher Gesteine

Magmatisches  Metamorphes Produkt Sedimentdres
Ausgangsmaterial Ausgangsmaterial

Epigneis mil Sericit, Chiorit
Granit, Granodiorit —=Zweiglimmergleis |, Alkalireiche oder
- Hornblende

Biotitgneis alkalisierte Tone, Grauwacken
Quarzporphyt ——= Sericitschieter
Sericitalbitgneis } Arkosen
Sericitschiefer {Phyllit) }
Chioritoidschieter
Glimmerschiefer & Granat }
Staurolith, Disthen ™~ Tone
Granat - Sillimanitgneis ]
glimmerreich ¢
Cordierit-Andalusit - Hor nfels |
Kieselkalke

Kalkphyllite sandig -tonige
Kalkglimmerschiefer Kalke bis Mergel
Kalksilikatfelse {mit Granat, | Kalksandstein
Diopsid , Vesuvian, usw. ) oder Karbonatgestein

| mit siog - Zutuhr
Quarzite Sandsteine

Marmore [ Ophicalcite , Phlo-

tei
gopit marmore, wenn Mg - haltig} Karbonatgesteine

Grinschiefer (Epidot,Chlo- f o
Diorite bis / tit, Hornbtende, Albit) Dolomitische
Gabbro und Hornblendeschiefer Mergel
Basalt \ Amphibolite, Granatamphib, | Dolemitisch~
Dicbase Augit -Plagioklasgesteine katkige

Eklogit | Mergel

Serpentin, Talkschiefer
Aktinolithschiefer
Olivinfels
Granatolivinfels

Peridotite bis
Pyroxenperidotite
{ Pyroxenite)
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Migmatite 1

ptygmatic structure,

Fig. 2. Schematic representation of some of the structural sites in which the leucosome in dilational meratexite migmatites
can be expected to occur. Solid areas and lines represent leucosome, whereas the dashed black lines are the traces of bed-
ding or foliation. (a) Leucosome in interboudin partitions that develop in the competent layers of migmatites; these layers
may be paleosome resisters, or even melanosome. Some boudins contain smaller internal boudins. (b) Leucosome located
in extensional shear bands; both synthetic and antithetic examples are shown. (c) Leucosome located in an asymmetri-
cal foliation boudin. (d) Stromatic leucosome oriented parallel to the principal plane of anisotropy, which may be either
bedding or foliation. (e) Leucosome located in a reverse shear, cutting the short limb of an asymmetrical fold. (f) Leucosome
associated with parallel folds; leucosome in the fold hinges is located in the space between dilated bedding planes; shorter
domains of leucosome are located in extensional fractures developed on the outside of the folded competent layers
and are not axial-planar, but tend to be radially disposed. Leucosome that is located parallel to a fold’s axial plane occurs in
the less competent layers.

aus: Sawyer 2008



-27-

Definitionen und Fakten zum Thema MIGMATITE aus dem Matthes:

“mixed rocks” Mischung aus magmatischen und metamorphen Gefiigen, entstanden
durch grofiregionale Aufschmelzungsprozesse (Anatexis).

Nach Mehnert (1968):

Paliosom  unverdndertes, hochmetamorphes Ausgangsgestein (teilweise auch
" Mesosom genannt, besser nicht benutzen).

Neosom durch selektive Aufschmelzungsprozesse migmatisch veréandertes

Gesteinsprodukst, teilt sich in Leuko- un Melanosom:
Leukosom  magmatisches Kristallisationsprodukt partieller Aufschmelzung,
hell, grantische Zusammensetzung (Qz, Plag, Kfspat).
Melanosom dunkle, mafische Minerale (und Uberschu8-Plag und -Qz) im
metamorphen lagigen Gefiige.

Restit Das verdnderte metamorphe Gestein, aus dem das Leukosom
ausgetreten ist (Biotit, Hornblende, Cordierit, Sillimanite, Granat
etc.) = Melanosom.

Metatexite = Anfangsstadium, helle Leukosome (magmatisch), dunkle
Melanosome (Restite, metamorph)

Diatexite fortgeschrittene Aufschmelzung, kein klares Erkennen von Leuko-
und Melanosom. Schherlg, nebulltlsch Gestem w1rd w1eder
- -+ homgener: - :
Anatexit (= anatektischer Granit) Gestem das an Ort und Stelle (in-situ) aus

einer Aufschmelzung (Anatexis) entstanden ist.

Die partielle Schmelzbildung verbraucht Qz, Kfspat, Plag und H,O im kotektischen
Verhaltnis. Uberschuss-Qz und -Plag bleibt in der Regel im Restit.

Anatexis beginnt bei 700°C wenn Py;,,=2.000 bar, 650°C wenn P,;,,=4.000 bar,
bei hoeheren Wasserdruck auch tiefere Temperaturen méglich.

Die Anatexis des gleichen Gneises kann bei verschiedenen, erreichten Temperaturen
verschiedene Schmelzen erbringen. Mit steigender Temperatur bilden sich erst
granitische, dann granodioritische, dann quarzdioritische Schmelzen.

Max. Temperatur, die durch regionale Anatexis erreicht werden kann, ist 800°C.
Partien innerhalb von Migmatitgebieten, die aufgrund ihrer mineralogischen
Zusammensetzung nicht angeschmolzen sind (Quarzite, Amphibolite,
Kalksilikatfelse) heiflen Resisters.

Metatekte (Leukosome in Metatexiten) konnen Ektekte oder Entekte sein.
Ektexis schmilzt das Leukosom vor Ort aus, es gilt die Stoffbilanz: Leukosom +
Melanosom = Paldosom.

Bei Entekten ist das Leukosom in das Paldosom eingedrungen (Injektion), das
Melanosom fehlt (keine Restitsiume an den Grenzen des Leukosomes).

Matthes, S. (1996): Mineralogie. — 5. Auflage, 499 S., Springer.
Mehnert, K. R. (1968): Migmatites and the origin of granitic rocks. 391 S., Amsterdam.

Alle Definitionen nach Mehnert (1968) werden empfohlen von der IUGS

Subcommission on the Systematic of Metamorphic Rocks (www.bgs.ac.uk/scmr/).
Dies gilt nicht fiir: “Ektekte” und “Entekte”. Diese Begriffe werden von der
Kommission nicht diskutiert, es werden allerdings auch keine Alternativen
vorgeschlagen, also ruhig benutzen.
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Hangend-Liegend-Kriterien in Migmatiten (aus: Burg 1991)

Fig. 2. Examples of cauliflower structures at different scales sketched
from photographs. Quartz, plagioclase (and K-feldspar ?) veins = leu-
cosomes (dotted) in gneisses (dashed). Triangles point toward the
inferred hanging-wall. (a) “Migmatitic phenomenon™ photographed
by Mehnert in Granholmen, Sweden, drawn after fig. 1.1 of Ashworth
(1985). (b) “Discontinuous segregations that are conspicuously
coarser-grained than the moderately well-foliated, dark-coloured
hornblende-biotite feldspar schist” drawn from part of fig. 11-9 of Best
(1982), unspecified location. Note that the inferred top-side is consist-
ent with growing grass in the lower left corner. (c) “Migmatite hand
specimen” from Arvika, Sweden, drawn after fig. 14 of Johannes
(1983). While this article was being refereed, a convincing plate with a
top-side interpretation has been published by Culshaw & van Breemen
(1990, fig. 7c).

TOP

mineral lineation—___

BOTTOM

Fig. 4. Examples of asymmetric vein clusters sketched from field
photographs. Leucosomes and pegmatitic veins (dotted) in gneiss
(dashed) with boudinaged amphibolites (stippled dark). (a) “Specta-
cular boudinage of a Kangidmiut dyke in the north-east part of Sondre
Stromfjord” drawn after fig. 77 of Escher & Watt (1976). Note that the
pegmatoid vein lies below the dyke only. Ascent of the pegmatitic vein
occurred between boudins (incipient destruction of the vein cluster
structure) and developed cauliflower structures eradicating the rock
foliation on the top-side. Both caulifiower and asymmetric vein cluster
structures consistently indicate the top-side. (b) “Thin boudinaged
layers of amphibolite in differentiated gneiss” at Sondre Stromfjord
Airport, drawn after fig. 4(a) of van der Molen (1985b). Asymmetric
vein clusters (arrowed) were partly destroyed by progressive defor-
mation. This intensely deformed stage includes leucosome segregation
in zones between boudins and veining along the upper boundary. The
resulting product of progressive deformation leads to the widespread
occurrence of fragments floating within remarkably planar pegmatitic
layers as described in many field areas. Possible ‘cauliflower struc-
tures’ (triangles) are consistent with the top-side as defined by the
sloping sky-line.

YZ

pegmatitic
vein

Fig. 3. Schematic block diagram illustrating caulifiower (1) and asymmetric vein cluster (2) structures in an idealized
normal sequence of flat-lying anatectic gneisses. Arrows point towards the top of the sequence. Observations in the YZ
plane of finite strain are essential. Shear deformation as indicated by shear bands in XZ sections is top-to-the-right.
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Foliationen und Lineationen als Bezugssystem

Apparent
lineations

True
lineation

Apparent

True lineation

lineation

Foliation
plane

True
lineation
orientation

C.

Figure 13.19 Discrete lineations. A. A stretched pebble con-
glomerate showing quartzite pebbles flattened parallel to the
foliation and elongated to define a lineation. B. Alteration
spots in a slate. The foliation is perpendicular to the plane of
the photo, and the maximum and minimum axes of the el-
lipsoids are exposed (a and ¢; see also part C). C. True and
apparent lineations associated with ellipsoidal structures. The
true lineation orientation is shown on any plane containing
the a axis (longest axis) of the ellipsoid. Planes of other ori-
entations show elliptical sections through the ellipsoidal struc-
tures that do not define the true orientation of the lineation.

A T 4

A r ¥ s v / 7 .
v Qe?/ /s l//’ &
O ’ 7/

Foliation —/

Referenzsystem flr die Orientierung von
Dunnschliffen

Gruner Pfeil: Orientierungsmarker auf
Dunnschlifftrager mit definierter Ausrichtung zu
Lineation und Foliation.

aus: Eimer 2008

Intersection

lineation
Intersection '\Q

lineation

Foliation
plane, S,

Bedding surface, S

Figure 13.20 Intersection lineations. A. The intersection of a
foliation and a bedding surface. The trace of the secondary
foliation S; on the bedding Sy and the trace of Sy on S are
essentially the same lineation. B. Pencil cleavage in argillite,
an intersection lineation defined by the intersection of two
foliations, one of which may be bedding. Cleavage of the rock
along both foliations produces elongate prisms, or pencils, of

aus: Twiss & Moores 1992

Lineations
in
tectonites
(surficial or
penetrative)

Pebbles

Ooids

Fossils
Alteration spots

Discrete

Structural Hinge lines
Intersections
Boudin lines
Mullions
Structural
slickenlines

Rods

Mineral clusters

Mineral slickenlines

Nonfibrous
overgrowths

Constructed

Polycrystalline

Mineral - -
Acicular habit grains
Elongated grains
Mineral fibers
Fibrous vein filling
Slickenfibers
Fibrous
overgrowths

Mineral grain

Figure 13.18 Morphological classification scheme for linea-

tons.

Quelle unbekannt



Foliationen und Lineationen

sedimentar, diagenetisch, deformativ, magmatisch

magmatisch

COMBINED
LINEAR AND PLANAR

FIGURE 6.1 Diagrammatic representation of lineation (L). The
elements represented by the idealized black shapesinial, (), and (¢)
mav be individual grains, meumaorphic mineral aggregates. or any
other bodies such as fousils, pebbles. and so on. ) Simple Imear

fed

FIGURE 5.1 Diagrammatic representation of various types of foliation. The

foliations are defined by: (a) ional lavering: (b fabric defined by preferred orientadion of linear budies. (#) Combiner Layering
by: la) compositio avening: (b) grain-size varaon: ic) i g

closely spaced, approximaiely parallel discontinuities such as microfauhs or Necation and folnt:im dG-ﬁEﬂ;d ¥ Pufe";d ommnnmnn Y :bﬂg:“

fractures: (d) preferred onentatvon of grain boundaries: and ) preferred Psiar st ) | SSun I i S incar

orieniation of platy minerals or lenucular mineral aggregates. These various iniersecuion of vanably anented. wabular bodies. id) Linear {abric

microstructures can bc combined and (f) shows a combination (a * ¢) thay is very defined by penetrative folding. ir) Lincauon defined by intersection ¢ Figure 4.6 Anisotropic fabrics in grunitic, dioritic, and
common in both sedimentary and metamorphic rocks. two lohawons.

some other types of plutonic magmatic rocks.



Foliation durch Deformation (Vergneisung); aus: Passchier et al. 1990
einfach
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Fig. 1.1. A homogeneous, apparently undeformed layered gneiss (h) may have been derived

Fig. 3.8. Four examples of outcrop-scale progressive deformation typical of high-grade by the sequence of events a-h: starting as a sediment (a), followed by phases of dcfonngtion (a-
anciss terrains, all leading to a uniform, parallel-layered gneiss; (a) homogencous deformation b, c-d, e-h) and intrusion (b-c, d-¢). The intensity of deformation and the amount of igneous
of vein networks: (b) homogeneous deformation of rock fragments; (c) homogeneous defor- material involved is much greater than would be expected from the final result. The original

mation of a homogeneous igncous rock with heterogencous grain size, e.g. porphyritic granite;

volume of sedimentary rocks (in grey) forms only a small percentage of the final gneiss.
(d) inhomogencous deformation of a homogeneous igneous rock, e.g. gabbro.
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Temperaturabhangige Verformungsprozesse in Granitoiden im Subsolidus-/Solidusbereich

« Magma >« Igneous rock >
% crystals in magma
0% 50% 100%
Magmatic fabri!c:: Solid-state fabrics >
“Pre-RCMP features < | Solid-state features — ——
RCMP High Temp. | Moderate Tamp.’ Low Temp.
(occurs at crystal densities . . . X
in range of ¢.50-90%) , 650°C SE!:EI C 500C 4570"0 300°C
i l ek
_ Ductile bending and marginal <} Dominantly britt
Aligned crystals dynamic recrystallization g g oY o fraciiing
[] 1 3
Microcrack ; =1 # Recrystallization to Na
Feldspar Tiling héal‘;% ::,:it: Strain related 4@ f plagiociase compositions
late magmatic myrmekite in k-spar g :ossrble rec:-yslalnzatmn
minerals E jong microfractures
| Ductile deformation
Crystalization Grain boundary migration Sub-grain rotation
with c-axes c-slip and Brittle
Quartz 5“:“:::2?'1 to optically ‘ Dominantly a-slip delormation
i, visible optically visible prismatic sgb
stretching direction | pacaisgh | Type 3 v ey
(nibbon type of Boullier & Bouchez 1978)
Recrystallization with 001 |
Biotite Aligned crystals 1 paralle! to foliation |
4 { KinKing ----se-cosecssussscsnenennennee. RECrySstallization
L]
Other +————F Homogenous foliations wineisasnnos (igorate shear zongs: ———————»
L]
features « Grain-scale S-C fabrics ——---------
Deadman's Bay ..

Wareham

Fig. 7. Summary table showing the relationship between mineral microstructures. temperature and degree of crystallinity
in a cooling syn-tectonic granite (after Tribe and D'Lemos. 1996 and references therein). also summarizing the micro-
structural styles preserved by the individual plutons as a result of their contrasting cooling.

RCMP = Rheological Critical Melt Percentage (bei etwa 70 % Kristallvolumen im Magma

aus: Schofield & D’Lemos 1998
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Klassifizierung von Falten 1

Table 3.1 Terms used to describe the tightness of folds

Interlimb angles Fold tightness
interlimb angle 180:—1 2(.)' Gentle
Tangentto 120°-70 Open
Fold Limb at 70°-30° Close
Inflexion Point 30°-0° Tight
Inflexion i Inflexion 0* lsocli.nal
So less than 0° Elasticas
Folded Laver -ve angle or Ptygmatic

Table 3.2 Terms'describing the attitude of folds

Dip of the fold Dip of hinge Plunge of
ascial surface surface hinge line
or plunge of (i.e. attitude of (i.e. attitude of
the fold axis axcial plane) Jold axis)
0* Recumbent fold Horizontal fold
1*-10° Recumbent fold Sub-horizontal fold
10°-30° Gently inclined Gently plunging fold
fold
30°-60° Moderately inclined fold  Moderately plunging fold
60°-80* Steeply inclined Steeply plunging
fold fold
80°-89° Upright fold Sub-vertical fold
90° Upright fold Vertical fold
FOLDS

X Y

Class 1A Class 1B (parallel) Class 1C X

Y
X
Class 2 (similar) Class 3

FIGURE 4.26 Classification of folds based on dip isogons; Dip isogons have been
drawn at 10°intervals from the lower to upper surfaces X and Y. [ From J. G. Ramsay

(1967), Folding and Fracturing of Rocks. Copyright © 1967, McGraw-Hill Book Co.
Used with permission of McGraw-Hill Book Co.]
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Klassifizierung von Falten 2

First Phase Second Phase Resultant Map Pattern on
Folds Folds Polyphase Horizontal Surface
Fold Surface
@
Type 1 Fy Axial trace
" § o AINNAILN
ke F ' “
b. 1 X
2 Axial trace “ "' l '
NIl
‘Dome and Basin’
pattern
(b)
Type 2
q i Fy F2
/ \ B 7
\ 2y
Horizontal inclined Plunging inclined
< b2
@ . " 7
©)
(e) N
Type3 Fy F2
22
v =N
ZN Zn b b
5 =" 1 2
. ZZN
2 h
Zn S
Zi o
Z! Zn
Z Zny
a k Refolded Folds
e
Reclined Fig. 8.1 Fold interference patterns: (4) Type | patterns arc formed by supcrpufi(inn of two
. onthogonal fold scts and produce a dome and basin pattern on a hotizontal map sustace: (/) Type
2 patterns produced by the superposition of a mon-coaxial sccond uptight fold sct upon an inclined
first-phase fold pattern. Mushroom style patterns are produced on a horizontal map surface; (1)
Type 3 patterns produced by ceaxial refolding of an inclined first-phase fold by an upright second-
phase fold. Refolded folds are produced on a horizontal map surface.

®

FIGURE 4.25 Classification of folds based on orientation of hinge
line and axial surface (see Table 4.1); after Turner and Weiss (1963),
Diagrammatic projections below each block diagram show
orientation data; left-hand projections show cyclic representation of
several § planes and the axial plane (heavy line) for ideally cylindrical
folds. The right-hand diagrams are a more realistic representation
of poles to § (15) and of the orientation of the fold axes measured at
different points on a fold that is statistically cylindrical.
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Klassifizierung von Falten 3

= an'gle between first foid axis and b,
Between 0 and 90°

angle between pole to first fold axial surface and a4,

g =

FIGURE 8.8 Two-dimensional interference patterns resulting from
superposition of two generations of folds. The second-generation folds are
assumed to be ideally similar so that the geometrical relationship between the twg .,
generations can be described, for B, in terms of kinematic axes a; and b, (see .
Section 4.7). The numbers in the top left-hand corner of each figure denote end
members in the spectrum of interference patterns. Patterns 1, 2, and 3 result from
overprinting relationships of the type depicted in Figures 8.9, 8.10, and 8.11,
respectively. 1(—2) are transitional patterns vesulting ftrom overprinting
relationships transitional between those depicted in Figure 8.9 and 8.10. O is a
special case where By and B, have parallel axes and axial surfaces and, therefore,
do not produce any chavacteristic interference pattern. [From J. G. Ramsay
(1967, Folding and Fracturing of Rocks. Copyright © 1967 by McGraw-Hill Book
Co. Used with permission of McGraw-Hill Book Co.]

sa-f. Geometric patterns as a function of the orientation of planar and curved outcrop
: (a) Apparent tight folding of gently folded layering. (b) Apparent open folding of
‘olded layering. (c) Apparent tight folding of planar layering. (d) Apparent fold
nce patterns of Type I in planar layering; apparent fold interference patterns of Type 11
“ype 1L (f) in layering with one phase of folding.
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Geopetale Gefiige (Hangend- Liegendkriterien): sedimentér

Gradierung

| Oszillationsrippeln

| Stromungssrippeln

Schragschichtung

| Trockenrisse

Rinnensedimente

Auflageflache / stabile Lage

Dropstone

| Rutschstrukturen
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Geopetale Gefiuige (Hangend- Liegendkriterien): diagenetisch

Belastungsmarken Entwésserungsstrukturen | Sandvulkane

Hohlraumsedimente u. -kristallisate | Kristallrasen, frihdiagenetisch | |

o
® 9.2 o
o

| Schilllagen | | Grabbauten

Wurzelbdéden Bohrgéange in Hartgriinden | |
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Geopetale Geflige (Hangend- Liegendkriterien): magmatisch

| |Flow , Basiskontaktzone u. Internzonierung

Basaltpillows | | Einstromgefiige in magm. Gangen | |Sch|eppung an magmatischen Gangen

'S » w - - ™ Y
. - . -l I- - » ) L] . (a)
SRR SRRI I §, S
.. - - - - L -.- .' w - . - "\
"_-'_' l'-'l-- '-----.
T Tt e g
- -— -,
Leukosome in Migmatiten — -— —
I-I-_- - ....—,',-.- (C}
a - - - - Ve ~ - - -\
| - - -
_— - - -
- - L] e - =
— -—
-
- — -
- wlE>
- - -
- - |
- — -J
Fig 4.6. A possible sequence showing the reversal of sedimentary fining-upward graded
bedding to coarsening-upward graded layering during metamorphism: the original structure (a) is
overgrown by Al-rich porphyroblasts which grow to maximum size in the Al-rich pelitic top of
the beds (b): subsequent deformation (c) may preserve this reversed sequence but obscure the
porphyroblastic origin of the Al-silicates. .
aus: Passchier et al. 1990
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Klassifizierung Mylonite / Kataklasite

RATE OF STRAIN ——>

Cataclastic rocks

Fabric Texture Name Clasts Matrix
Generally Cataclastic: Megabreccia > 0.5m <30%
no prcfc_rrcd sharp, angular Breccia Breccia 1500 mm <30%
orientations fragments series
Microbreccia <1 mm <30%
Gouge <0.1 mm <30%
Cataclasite Generally < ~10 mm >30%
Pseudotachylite Glass, or grain
size <1 um

Mylonitic rocks

Fabric Texture Name Matrix grain size Marrix
Foliated Metamorphic: Mylonitic gneiss > 50 pm
and lineated Interlocking
grain boundaries, Protomylonite <50 pm <50%
sutured to Mylonite J ¢ 1onite <50 um 50%—90%

1 1 series
polygona Ultramylonite <10 um >90%

“ The terminology applied to fault rocks is by no means generally agreed upon. The definitions of the different categories,
and the quantitative boundaries we have placed on them, should therefore be understood as guidelines to present usage, which
can vary from one geologist to another. We believe, for example, that what we have defined as mylonite would fit anyone’s
dehinition, but other geologists use mylonite in a broader sense, even to include what we call mylonitic gneiss.

aus: Twiss & Moores 1992

COHERENT BUT UNFOLIATED ROCKS PRODUCED BY MICRO- AND/OR MACRO-FRACTURING AND SHOWING LITTLE OR NO
\&m\' PRODUCED THERMAL EFFECTS.

%:'OLIATED. BUT WITH SOME FRICTIONALLY PRODUCED GLASS CEMENTING A MICROBRECCIA.

MATRIX PRODUCED BY SYNTECTONIC CRYSTAL-PLASTIC PROCESSES, HAS AT LEAST
MINOR MYLONITIC FOLIATION, LITTLE RECOVERY, AND ALMOST NO ANNEALING,
WITH APPROPRIATE MINERAL CONTRASTS, SURVIVOR MEGACRYSTS COMPRISE
MORE THAN 50% OF THE ROCK.

MATRIX PRODUCED BY SYNTECTONIC CRYSTAL-PLASTIC PROCESSES,
SHOWS STRONG RECOVERY, POSSIBLY WITH SOME ANNEALING.
STRONG MYLONITIC FOLIATION COMMON. WITH APPROPRIATE
MINERAL CONTRASTS, SURVIVOR MEGACRYSTS COMPRISE
10 TO 50% OF THE ROCK.

MATRIX PRODUCED BY SYNTECTONIC CRYSTAL-PLASTIC
PROCESSES, SHOWS PERVASIVE RECOVERY, POSSIBLY
WITH EXTENSIVE ANNEALING. SURVIVOR MEGACRYSTS
COMPRISE LESS THAN 10% OF THE ROCK. MATRIX
GRAINS ARE LESS THAN O-5 MM IN DIAMETER.

PERVASIVE RECOVERY, INCLUDING ANNEALING
OF SYNTECTONICALLY PRODUCED MATRIX WITH
MATRIX GRAINS INCREASING ABOVE 0-5 MM.
MEGACRYSTS MAY INVOLVE SYNKINEMATIC OR
ANNEALING GROWTH, EITHER AS NEOCRYSTS
OR AS OVERGROWTHS ON PORPHYROCLASTS.

MATRIX RECRYSTALLIZATION INCREASES
9 o AVERAGE GRAIN SIZE TO EQUAL OR
C, " \ EXCEED THAT OF THE PROTOLITH.
AZ

m
A
R 2
a° S Z > TICK-SLIP FA
:INK a FIBRQrUS ?:ge\ssneﬁ C; % p. A oz ShGTION (SErSMie)
e st e | 2|2 TSR S
.S f T ISMI
GNEISS P

RATE OF RECOVERY ——>

aus: Wise et al. 1984



Einfache Kriterien zur Unterscheidung von magmatischen und mylonitischen FlieRgefiigen (granitoide Ausgangsgesteine)

Dimension: Makro: Aufschluss u. ar6Rer; Meso: Aufschluss/Handstiick: Mikro: Optische Mikroskopie u. kleiner. Qualitat: Aussaaekraft u. Haufiakeit

L . . Dimension
Kriterium magmatisch mylonitisch Qualitat
Foliation meistens homogen, abgebildet durch Formregelung bei fortgeschrittener Mylonitisierung stark ausgeprégt Mikro/Meso
der Feldspate und Glimmer, stofflicher Lagenbau (gute Spaltbarkeit); Formregelung der ++
undeutlich bzw. fehlend Hauptkomponenten, zusatzlich oft stofflicher
Lagenbau; z.T. mit unregelméBigen Abstanden,
Grenze zum nicht oft diffus oft deutlich bis abrupt Meso
foliierten Rahmengestein +
Korngréle verglichen mit keine oder nur geringfiligige Unterschiede meistens deutlich kleiner Mikro/Meso
nicht-foliiertem ++
Rahmengestein
Gradierung moglich nach Dichte und/oder Korngréfe falls primar nach GroRe durch dynamische Kornzerkleinerungen, Meso
Kumulatgefiige vorliegen (evtl. rhythmische Wh.) symmetr. zur Scherzone (feinkdrnige Kernbereiche) +
Quarzteilgefiige oft als Netzwerk zwischen formgeregelten Feldspaten meistens deutlich gestreckte (linsige) Aggregate oder Mikro/Meso
und Glimmern diinnplattige Lagen ++
Quarzrekristallisation fehlend oder nur statische Korngrenzenmigration alle Formen dynamischer Rekristallisation mdglich Mikro
bzw. Equilibrierung (Migrations-Rotations- und Bulging-Rekristallisation) ++
Texturen in fehlend oder nur sehr schwach entwickelt i.d.R. sehr deutlich Mikro
Quarzpolykristallen +++
Feldspatteilgeflige 2.T. in Form von dachziegelartiger Anordnung tendenziell Langachsen in der Foliation ggf. parallel Meso
(Tiling), Einzelkdrner, keine Rekristallisat-Bander zum Streckungslinear; ggf. Rekristallisat-Bander ++
Grobkdrnige Feldspate (porphyrartig), keine Rekristallisatsdume (porphyroklastische), Rekristallisatsdume mdglich Mikro/Meso
(HT-Mylonite, relativ geringer Quarzgehalt) ++
retrograde keine im Vergleich zum nicht foliierten haufig im Vergleich zum Rahmengestein (evtl. nur Mikro/Meso
Mineralumwandlungen Rahmengestein mikroskopisch erkennbar) ++
Verkniipfung mit anderen tendenziell geringer tendenziell hoher (z.B. mechanische Zwillinge in Mikro/Meso
Verformungsstrukturen Plagioklas) ++
Position und Raumlage tendenziell durch Magmenkdrper diktiert durch regionales Spannungsfeld diktiert; deshalb auch Meso/Makro
entsprechende Ausrichtung der Foliationen in anderen +

Lithologien o. benachbarten Granitkérpern maoglich.

Komplexe Entwicklung nicht auszuschliel3en: magmatische Fliel3geflige werden mylonitisch Uberpragt.

40 -
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Scherverformungsgefuge / Schersinn-Indikatoren 1

a: simoidale Schleppung (@ o ®) =

(Glimmerfisch) o
b: Fragmentziige
F’ - -
pr——
—

c: Sigma-Klast

d: Delta-Klast ==
(Rekristallisate oder 7 o
Neomineralisate in (© .
Druckschatten-Zonen BAN A.‘L,,
(,Strain shadows") —
-
e: Mikroscherbriche (hier "= =
antithetisch),
»-Dominostruktur* W
f: Schneeballstruktur durch (e J— )
synkinematische Blastese
—
g: S-C-C’-Geflige sr—sr—=———=e  Scherband
(sekundéare Scherbander u. — S_Fldchen
assozierte C-Flache
Formregelungsgeflige) C'-Fléche
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,Uberschiebungen
aus/nach: Eisbacher 1991
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Planar
Matrix - / gend Matrix

_____ --—--x <4—— Medianlinie

-

Matrix

Embayment

Median Line ; Median Line

aus: Williams et al. 1994

Foliation deflection Foliation deflection
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Scherverformungsgefuge / Schersinn-Indikatoren 2

rotation of a pre-existing or generated foliation:
rotation of deformed markers:

asymmetry of intrafolial folds;

normal kink-bands (microshears) in the margin or
central fabric of the shear zone:

sheared porphyroclasts;

rotation of fragments owing to shear fractures;
rotation of fragments owing to tensile fractures;
asymmetry of trails growing around rotating clasts;
asymmetry of trails growing around non-rotating clasts;
asymmetry of elongate recrystallised quariz grains;
asymmetry of dragged-out mica porphyroclasts;
asymmetry of quartz c-axia fabrics,

Quelle unbekannt

Sheath fold, aus: Twiss & Moores 1992



Scherzonen und Gange 1 (aus: Passchier et al. 1990)

___,_;,i,‘-{..-—-
—

(d)

Fig. 4.9. Diagrammatic sections showing the deformation of older fabric elements by a shear
zone. Pre-existing foliations will become reoriented in the shear zone, and their new orientation
may be steeper (b), or shallower (a), than that of a newly developed foliation in structureless
rock at the same finite strain (c); the same applies to dykes which are cut by shear zones (d).

Fig. 4.17. At high strain, extension by non-coaxial flow of originally parallel layers or veins
with different rheologic properties (a) may lead to parallel layers with rootless folds, boudins,
and even thinned but intact and apparently undeformed layers (b and c). A fabric as shown in (c)
can therefore develop by one phase of (strong) deformation and is not necessarily the result of
polyphase deformation or intrusion.



Scherzonen und Gange 2 (aus: Passchier et al. 1990)

(@)

bbbt

Fig. 4.36. Sketch maps showing some of the complexities of synkinematic intrusions. A
granite (a) is cut by a ductile shear zone (b). During this deformation, granite dykes (black) are
intruded across the shear zone (c). The dykes are deformed within the shear zone, but less so
than the host rock (d). It may be difficult to recognise the different deformation states of these
two rocks within the shear zone. The kind of evidence that might be seen is shown enlarged in
(e); the tails on porphyroclasts in the dyke are less well developed than those seen in the more
deformed host rock.

Fig. 4.38. Two superficially similar situations representing opposite sequences of events: (a)
A vein was intruded along an older shear zone; it cuts the foliation of the shear zone, and
displays angular jogs and branching veinlets in the margin of the zone. (b) An intrusive vein
that was the nucleus of a younger shear zone may have an internal foliation and flattened jogs
and branching veinlets.
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Scherzonen und Gange 3 (aus: Passchier et al. 1990)

Fig. 4.18. Depending on their original orientation, veins may become folded and/or
boudinaged and may rotate into parallelism at high strain; coexisting boudinaged and folded
veins (bottom) may therefore belong to the same phase of deformation.

%@}

—-_—
-

Fig. 4.19. Development of rootless folds; flattening of an isoclinally folded layer (black)
which is more competent than its host rock will preferentially cause boudinage in the thin and
relatively weak limbs.

(a)

(b) A

? stepping

Fig. 4.39. Intersection relation between a planar intrusion and faults or narrow ductile shear
zones: (a) a fault cuts an older dyke; (b) a ductile shear zone cuts an older dyke, and deflects the
dyke margin; (c) a dyke cuts an older fault and forms a jog; (d) a dyke cuts an older fault
without jogs, and causes 'stepping’ of the fault. Situations a, b and ¢ could be confused if the
intersections are not carefully examined.

Fig. 4.43. Intersection relations of planar intrusions and polyphase shear zones. In (a) two
pseudotachylyte veins (black) were cut by an intrusion (stippled), and the lower pseudo-
tachylyte vein was reactivated as a ductile shear zone. Reactivation is indicated by the presence
of a foliation in the zone and of deflected injection veins. The situation might be confused with
those in Fig 4.39a and b. In (b) a branching brittle fault (black) was cut by an intrusion
(stippled); one branch on each side was reactivated as a ductile shear zone, the others were not
used because they were not in the same orientation suitable for reactivation. In (c) a major high-
grade ductile shear zone was cut by an intrusion which was later cut by a low-grade shear zone
that developed along the centre of the pre-existing zone. In (d) a wide shear zone (open stipple)
was cut by an intrusion (dense stipple) that was subsequently deformed by reactivation of the
centre of the shear zone.
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Scherbander (aus: Passchier & Trouw 1996)

Fig.5.13. Three types of
foliation pairs that are
common in ductile shear
zones. The shear zone is
shown with typical folia-

tion curvature. The main S
differences in geometry (2)

between the foliation pairs ’—S / C
are shown in the centre.

Elements used to deter-

mine sense of shear are ——————— o - : : ‘ ‘
shown below. Further orientation of orientation of orientation of

joni S : i shear zone boundar
explanation in text shear zone boundary shear zone boundary hear zone boundary

oblique foliation S

Mehrfachfaltung/Schieferung/Crenulation (aus: Passchier & Trouw 1996)

Sq parallel to S

Fig. 4.33. D, fold, folding bedding (S,) with development of §,
foliation along the axial surface of the fold. Later D, deforma-
tion folded S, to produce an §, crenulation cleavage in pelitic
layers that cut the D, fold through both limbs. Note the devia-
tion of §, around the more resistant fold hinge

D3 folds

Fig. 4.34. Schematic presentation of a common sequence of
foliation development in slate and schist belts. Enlargements of
typical microstructures are shown at right. Further explana-
tion in text
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Sprdode - duktile Scherzonen

j%b. C. W////

Fig. 5.9. (a) Brittle shear zone (fault). (b) Brittle — ductile

shear zone with en échelon veins and stylolitic cleavage. (c)

Ductile shear zone modifying foliation of country rock.
Modified from Ramsay (1980b).

Fig. 5.10. Internal geometries of secondary structures in
brittle — ductile shear zones (all right-lateral as shown by
shear couples on boundaries of zones). (a) Veins (elliptical
shapes with internal lines showing geometry of vein fibres)
younger than cleavage (curvilinear lines within zone). (b)
Veins and cleavage same age. (c¢) Veins older than cleavage.
(d) Veins with elongate grains (tick marks between veins).
(e) Late-stage fault (solid line with shear couple) offsetting
cleavage and veins. (f) Riedel fractures (parallel lines with
shear couples).

Fig. 5.13.

brittle — ductile shear zone with syntaxial fibres. (a) Planar

vein with straight fibres. (b) Vein rotation producing

sigmoidal veins with curved fibres. (c) Initiation of younger

cross-cutting planar vein to accommodate additional
strain. After Durney & Ramsay (1973).

Progressive  vein  development in a

b/@
NN

Fig. 5.11. Geometry of en échelon veins (elliptical shapes
with internal straight lines to show fibre geometry) within
brittle — ductile shear zone related to different deformation
regimes. (a) Simple shear. (b) Simple shear with volume
increase (analogous to transpression on a large scale). (c)
Simple shear with zone-parallel pure shear that elongates

normal to zone boundaries (analogous to transtension on a
large scale).

Fig. 5.12. Change in abundance, overlap and attitude of en
échelon veins (black elliptical shapes) in shear zones
between (a) bulk volume increase (white arrows show
direction of increase), and (b) bulk volume decrease with
pure shear (white arrows show direction of decrease, small
black arrows show direction of elongation for pure shear,
and curvilinear lines are stylolites). Modified from Ramsay
& Huber (1983).

aus: Dunne & Hancock 1994
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Faserwachstum

daisplacement relative to

displacement reiative to

curved overiapping

overiapping

fibre sheets developed on shear surfaces (A) where the relative shear displacement vector

is constant and (B) where this displacement vector changes direction with progressive evolution of the shear.

Figure 13.37. The geometry of

B Antitaxial

A Syntaxial

P e bt Sac eSO
%2 LSy, So. N\

Y,
(L 4 q
" "." ...'.’. !

growth sense
3
K_r_,

il i

TGP S,
L

1
I’\
3

~wall =™ “— vein —>l*wall—

D ‘Stretched’ crystals

C Composite

s - N «®
PR CNTEY o
R Y X IR

(asts MINE ), RerfS

PP I 2P,
A
BN NS, SENeN L

N2

g crystallographic orientations. The stippled areas are crystals of another species, and their

crystallographic orientations are indicated by differing intensities of stippling.

rientations of vein and wall rock crystals. The black and white unstippled areas are crystals of the

Figure 13.9. Principal features of tﬁe four main types of fibrous vein systems showing the relationship of the composition

and crystallographic o
same species but with differin



Sekundéare Bruchflachen
in Scherzonen

(a) Geometry of an idealised
tension gash in sinistral simple
shear. ISA,

instantaneous stretching axes;
(b) theoretical distribution of
tensional fractures

(T ) and shear fractures (R, RO
and P) in the same kinematical
framework.

ff, internal friction angle.

Klassifizierung von Kluftscharen

Orthogonal (+) joints Conjugate (X) joints

-49 -

1
b YY
T /& R’
/A
T
\[SA / . R
“ XX e —
/ \ TSsp
T=45°
R = 45°-4/2
R’ = 45%+,/2
P = -45%¢,2

Sigmoidal joints

LT ]
[ ] [ L
[THITI b
[T ] —

[ T [ T 1

AI—‘_ ~
| §§
HWJI# SN

Columnar joints

(a)

J joints

e
o
=

—
"

Joints fanning
around fold

I—L//’

aus Coelho et al. 2006

hkO joints

Strike parallel joint

Cross-strike joint
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Schersinn-Indikatoren im Bereich von Stérungsflachen/Bewegungsflachen

Linear
Planar extension fractures Crescent-shaped extension fractures step
— ——

Striated
lunate fractures

Striated fracture
surface

Lunate steps Striated secondary fracture Unstriated surface

D. E. F

Figure 4.16 Shear sense criteria on brittle faults. Block diagrams show the relationship berween
secondary fractures and the sense of shear on a brittle fault. The top plane is the shear plane;
relative motion is indicated by arrows. Extension fractures are unstriated and may be filled with
secondary minerals. Striated fracture surfaces are shear fractures.

aus: Twiss & Moores 1992

Ergéanzung:

—_

ﬁ

Fréasspuren durch resistente

lolith
,Schleifpartikel* Stylolithen

Figure 4.15 Slickenfibers as indicators of shear sense and min-
imum displacement. A. An arrow along a slickenfiber with its
base at the point of attachment to one wall of the fault points
in the direction of relative slip of the opposite wall of the
fracture. The length of the fiber from one wall to the other
is a measure of the minimum displacement on thar fault. B.
The smooth, or “downstairs,” direction on the stepped surface
of an exposed set of slickenfibers defines the direction of rel-
ative slip of the missing block.

aus: Twiss & Moores 1992
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Storungsflachenanalyse

Jede Harnischflache, auf der eine Lineation (u.a. Faser- oder Reibungsharnisch) zu erkennen ist und deren
Bewegungssinn bekannt ist, kann auf die Einwirkung eines bestimmten Spannungsfeldes zuriickgefihrt
werden. Zwischen diesem Spannungsfeld und der Harnischflache besteht ein geometrischer Zusammenhang,
der fur die Bestimmung des Palaospannungstensors genutzt werden kann.

Zur Darstellung solcher Datensatze mit Angabe von Aufschiebung (+) oder Abschiebung (-) gibt es zwei Arten
der graphischen Datenprojektion:

a) GroRkreisdarstellung

- Spur der Verschiebungsflache eintragen
- Linear eintragen (liegt auf der Flachenspur)

- Linearpunkt mit Pfeil versehen: bei Aufschiebung zeigt der Pfeil zum Zentrum, bei Abschiebung zum Rand
des Schmidtschen Netzes

- Blattverschiebungen als Doppelpfeil eintragen: verlaufen parallel zur Flachenspur

b) Polpunktdarstellung (nach Hoeppener, s. Abb. unten)

- Polpunkt der Verschiebungsflache darstellen
- Linear eintragen

- beide auf gemeinsamen Grol3kreis drehen

- Kreissegment am Polpunkt einzeichnen

- Pfeil einzeichnen: bei Abschiebung in Richtung Schnittflachenspur, bei Aufschiebung von der
Schnittflachenspur weg

Bei Blattverschiebungen wird ein Doppelpfeil parallel zum AuBenkreis eingetragen (sinistral oder
dextral).

Polpunit o der
Hoeppener Darstellung --

Jrear L
FiGche A

gemeinsamey
vonaund L

Rrojektion d
Linears L

Spur der Fléche A

“aispiel: A 180/40
L 11017
Bewegungssinn: hangende
S-Scholle) abgeschoben

Wichtig fiir die Datenerfassung:
Immer fur ein Linear auch die Flache einmessen, auf der das Linear
beobachtet wird.




-52-

Boudinage 1 (aus: Price & Cosgrove 1990)

=== "‘

Wavelength

Fig. 16.2. (a)(c) Terminology used to describe boudins. (After
Wegmann, 1932; Jones, 1959; and Wilson, 1961.) (d) Terminology
used to describe pinch-and-swell structures. S.T. and S.D. are swell
thickness and swell disturbance and P.T. and P.D. pinch thickness
and pinch disturbance. i denotes an inflection point. (After Penge,
1976.)

Fig. 16.25. Various stages in the development of lens-shaped
boudins from originally rectangular boudins formed by tensile
failure of a relatively competent layer in a less competent matrix.
(Compiled from field observations by Wegmann, 1932.)

Fig. 16.58. A sketch showing a variety of structures all of which
may form when the maximum principal compression is normal, or
at a high angle, to the rock layering or fabric. (¢) Homogeneous
flattening (b) extension veins (¢) normal kink-bands (d) boudins (¢)
internal pinch-and-swell structures (f) pinch-and-swell structures
(g) extension fractures (h) tapered veins in graded bed.

@ o __ =

I DASIBNT g
Q == o |
—== GP// i i

(c) o :
0 30cm T~ T

—

Fig. 16.54. Natural examples of folded boudinaged layers. (a)
amphibolite bands in a quartzo-feldsparthic gneiss. (After
Ramberg, 1952.) (h) Amphibolite layer in quartz-gneiss from the
Pre-Cambrian rocks of Jashidih, E. India. (After Sengupta, 1983.)
(¢) Quartzite band in a semi-pelite. (After Gindy, 1952.)
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Boudinage 2

®>

3

@

Figure 14.3 Formation of boudins. A.

Competent layers imbedded in an incom-
petent matrix and oriented parallel to the
axis of maximum stretch accommodates

the lengthening by segmenting into bou-
dins. The contrast in competence between
the layer and the matrix increases from
zero (top) to high (bottom), resulting in a
progression from (1) uniform stretching
and thinning through (2) pinch and swell
and (3) necked boudins to (4) fractured
boudins. B. The length of each boudin is
determined by the yield or tensile strength
of the layer and the balance of forces cre-
ated by the shear stresses @, on the layer
surface and the deviatoric tensile stress
within and parallel to the layer ,0,,.

aus: Twiss & Moores 1992

Fig. 4.30. Two types of shortened boudins; (a) semi-spherical shortened boudins are formed
if original boudins were relatively equidimensional ; (b) 'rooftile’ structures or folded boudins
may form if original boudins were elongate.

aus Passchier et al. 1990
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Boudinage 3 (aus Swanson 1992)

Q. Extension fracture boudinage:
forward-rotating orthogonal vein geometry

b. Shear fracture boudinage:
backward-rotating oblique shear geometry

Fig. 1. Types of asymmetric boudinage discussed in the text formed

under intermittent extension and layer-parallel dextral shearing.

(a) Extension fracture boudinage with forward-rotating, orthogonal

vein geometry (Type I). (b) Shear fracture boudinage with backward-
rotating, oblique shear-band geometry (Type II).

a. Oblique shear-band fabric
—

_— > = . =T~ -______"““J:-...“_',"“*
e o T Sl
—— i 2o ‘_._‘:'_“"_:_"__ —e
e e ‘H; e
e S
. Foliation fish
b 4-
S =
-

C. Asymmetric competent boudins
—_—

>

r

Fig. 6. Asymmetric shear fracture boudinage as (a) distributed dextral
oblique shear band fabric, (b) oblique dextral shear zones and inter-
vening foliation fish and (c) remnant asymmetric competent boudins.

= ===

Q. Foliation boudinage

<=

b. Fishmouth boudinage

.— o

C. Bone-shaped boudinage

Fig. 4. Symmetric boudinage features with increasing elongation from

left to right (arrows indicate extension direction). (a) Initiation and

dilation of orthogonal vein partings for symmetric foliation boudinage.

(b) Collapse of initial partings to form quartz stars and fishmouth

boudins. (c) Continued layer-parallel elongation about initially rect-

angular boudins and quartz partition mineralization to form bone-
shaped boudins.

Q. Foliation boudinage

b. Fishmouth boudinage
—_—

e —

—_—— —
*—.-_.
w‘tﬁ — o I 2>

=

—_——

C. Bone-shaped boudinage
—_—

Fig. 7. Modified asymmetric boudinage features with increasing dex-
tral shear strain from left to right. (a) Clockwise rotation and sinistral
slip on initial orthogonal vein partings. (b) Modification and distortion
of fishmouth boudinage during dextral shear. (c) Reorientation of
rectangular mineral partitions in bone-shaped boudinage.
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Boudinage 4

BOUDINAGE MULLIONSTRUKTUR
—_— oA N
—_—
<= 2773 == = <=
LA 3
—

e NN
Abb. 15.4 Oben: Schema fir
das Verhalten kompetenter La-
gen in einer weniger kompe-
tenten Matrix bei Extension T = =
(Boudinage) bzw. Kontraktion

(Mullions) der Lage. Unten: W ‘Q;w

FlieBverhalten von kompeten-

ten Gesteinslagen und -linsen p— —
bei penetrativer Scherung —_— ~
einer weniger kompetenten )

Matrix. ~=

—"~

aus: Eisbacher 1991



Strukturen durch schiefe Transpression

il ke-slip strike-slip Riedel and anti-Riedel
5 . . shears, (+ P & T shears)
en-echelon strike-slip faulting

hinge plunges
own-dip

=

hinge plunges
obliquely

oblique-slip ,
: i multiple faults sets
highly curvi-linear folds, faulting (often quadrimodal), orié
median facing direction or two sets dominant

is sub-horizontal to give non-coaxial

deformation (c.f.
Reches, 1983)

highly curvi-linear folds,
median facing direction
is down-dip

plunging fold, hinge
rotates in 3D space
during deformation

2 multiple
displacements

hinges are strike-parallel hinges are strike-parallel

dip-slip
faulting

asymmetric symmetric

dip-slip foids folds  contraction contraction

aus Jones et al. 2004
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Anleitung Ganganalyse

Rahmengestein

Petrographie
Gesteinsart
Mineralbestand
Korngrofie
Farbe

Geflge
Foliation(en)
Lineation(en)
Kontaktzone (Alterationen)
Raumlagebeziehung Foliation/Gang

Ganggefiige
Gang 1

Grundtyp (Dike, Sill, nicht charakterisierbar)

Art
Magmatit: Gesteinart
Mineral(e)
Sediment

Raumlage

Einfallrichtung/Einfallwinkel; ggf.
Raumlage anhand von
Schnittlinearen konstruieren (Schmidt-
Netz); notfalls nur Streichrichtung
(fur Rosendiagramm)

Dimensionen
Ausdehnung (L&ngserstreckung soweit
aufgeschlossen; vertikal, horizontal)
Méachtigkeit (wahre, scheinbare)

Form
Grenzflachenverlauf
Gangterminierung
Schérfe der Grenzflache
Anordnung Gangschar (parallel, unregel-
maliig vernetzt)
Kinematische Indikatoren (Gang6ffnungsart
und -richtung)

Interngefiige
Kontakt zum Rahmengestein
Zonierung
KorngréRen
Stofflich
graduell, gleiches Gestein
abrupt
gleiches Gestein
unterschiedliche Gesteine
(,,composite®)
Formregelungen
Foliation
Lineation
intern
auf Grenzflache
Kristallform (Mineralgange)

Gang 2 bis X dito

Altersbeziehungen zwischen Gang 1 bis X

Kluftgeflge
Kluftschar 1
Raumlage (mehrere Messungen)
Abstande

Richtungsbeziehung zu Géngen
Oberflachenstruktur

Belag

plumose Strukturen, Linear->Offnungsrichtung
einmessen

Kluftschar 2 bis X dito

Abstufung der Kluftscharen 1 - X gemaf ihrer Dimension
(Haupt- und Nebenkliifte)

Stérungen (falls Bezug zu Géngen besteht)
Raumlage
Bewegungssinn
Altersbeziehung zu Géangen

-59 -
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Erfassung strukturgeologischer Daten 1 (aus: McClay 1987)

-

10 =200

—= Vergance

T

asymelry

Dip
Isogens
Similar
Fola
s
! Cleavage
Sg
So

Orientation of fold axis (plunge)

(Figs. 2.11-2.13).

Vergence (azimuth) (Figs., 3.9 &
3.10),

Profile seetion of fold (Figs. 3.2
3.4).

Cleavage orientations around the

fold (Fig. 4.3).

Fracture patterns  around  fold

(Figs. 7.4 & 7.5).
Interlimb angle. (Table 3.1)
Limb lengths.

Strain of deformed objects around
the folded laver(s) (Fig. 3.12).

Nature of hinge line
curved,
Relationships of hinge lines in a
group of folds.

straight or

Vergence and sense of asvmmetry.
S, 7., M (parasitic folds) facing.
(Figs.3.8, 3.5, 3.10)

Thickness  changes  in profile
section, Cylindricity. Fold type.
(Figs. 3.3, 3.4, 3.5)

Nature of cleavage. (Fig. 4.1)

Nature of fractures — veining.
(Figs 7.1 and 7.6)
Nature of limbs p\;.mnr

curved. (Fig. 3.3)

Asymmetry. (Fig. 3.8)
Nature of strain in deformed
objects. (Appendix 111)

Table 3.3 Data to be collected from observations on kink bands.,

Table 3.4  Data to be collected from observations when mapping folds from a single phase of deformation.
Ntructure What to Measure What Observations to Record Resudts of Amalysis
Fold Axial Orientation of fold axial surface Nature of axial surface. Orientation of fold structure,
Plane (dip dircction) (Figs. 2.5-2.8). Relationships of axial planes ina  (Table 3.2)
group of folds.
Fold Axis

Vergence boundarnies. (Fig. 3.11)
Axes of major told structures.
(Fig. 3.8)

Tectonic transport direction.

(Fig. 3.4)

Fold classitication: 21 or 3D, dip
isogons. (Fig. 3.4)

Projection of fold down plunge.
(Fig. 9.0)

Mean cleavage approxinites o
fold axial planc. (Fig. 4.3b)
Detormation mechanisms.

Deformation mechanisins.

Shortening acruss told, (chevron

folds).

Quuntitication of asymmetry.
Strain distribunion, mechanisims
of tolding. (Fig. 3.12)

Structure

What to Measure

What Observations to Record

Results of Analysis

Kink bands (KB)

Kink
Asial
Planes

Kink Auiy

Folat
n mmm Follation
oulsioe Kink Band
“3
o l
Conugate Kink Bands
-
-—
3

Orientation of foliation ourtside
kink band (Figs. 2.5-2.8).

Orientation of kink band axial
plane (Figs. 2.5-2.8).

Oricntation of conjugate kink
band axial plane (Figs. 2.5-2.8).

Line of intersection of conjugate
kink bands (Figs. 2.11-2.13).
Fold axes of kink bands (Figs.
2.11-2.13),

Nature of foliation that is kinked.
Nature of foliation in kink band:
Veining (reverse kinks) pressure
solution (normal kinks).

Normal or reverse kink angle
between kink band and mean foli-
ation. (Fig. 3.14)

Angles between conjugate kink
bands.

Crenulation /kink lineation associ-
ated with kink bands.

Deformation  processes
kinking.

during

Stress analysis giving g,, 03, 03~

0, bisects obtuse angle between
conjugate kink bands.

0, orientation.



Erfassung strukturgeologischer Daten 2
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Table 4.1 Data to be collected from observations on the first cleavage (or schistocity), S, (commonly a slaty cleavage).
Structure What to Measure What Observations to Record Results of Analysis
= S, dip direction (or strike and dip)  Orientation of cleavage relative Position relative to fold axis.
- 080 (Figs. 2.5-2.7). to bedding. (Figs 2.15 and 4.5)

o
;
;-

In polyphase terranes.

Fy Crenutanon Fosds
-
L

3
0.0

Of cleavage or schistosity

L, bedding lincation on cleavage

plane (plunge) (Figs. 2.11-2.13).

Mineral stretching ML, lineation
on cleavage plane (plunge) (Figs.
2.11-2.13).

Orientation and magnitude of
strain of deformed objects in the
cleavage plane (Appendix ALlLI).

L,, on §,. The intersection of
subsequent cleavages on the first
cleavage plane, i.c. crenulation
lineations (plunges) (Figs. 2.11-
2.13).

Sense of vergence.

(Figs 3.9, 3.10)

Facing.

Cleavage refraction. (Fig. 4.4)
Nature of cleavage. (Fig. 4.1)

Nature of lineation.

(Figs 5.1 to 5.4)

Nature of strain relative to
cleavage. (Appendix I11)

Nature of intersection of second-
phase cleavage with first
cleavage.

(Fig. 4.5)

Vergence of structure,

(Fig. 3.9, 3.10)

Facing of structure.

Mean cleavage approximates to
fold axial plane.

Orientation of fold axis (4, axis).
(Fig. 4.3b)

Orientation of stretching axis

& X axis of bulk strain ellipsoid
(a, axis).

(Fig. 3.2 and Appendix 111)

XY plane of strain ellipsoid.
(Appendix 111)

Orientation of second-phase fold
axes (for folded first-phase
cleavage planes). (Fig. 8.3)

Table 5.1 Dara to be collected from observations on intersection lineations L,, L,, etc.

Structure

What to Measure

What Observations te Record

Results of Analysis

L,

Bedding S,/
cleavage S,

intersection on either

S, or S, surfaces.

Sq Beading
Ly BeagngClaavage intersechon

Plunge of lineation L, (note:
orientation data for S, and §, also
required) (Figs. 2.11-2.13).

Strain of deformed objects
parallel to lineation (Appendix
1.

Nature of lineation. (Figs. 5.1 to
5.4)

Orientation and nature of
bedding and cleavage. (Fig. 4.1)

Nature of strain.

Fibre growth parallel to lineation.

Fractures parallel to lineation.

Lineation generally parallels F,
fold axis (4,). (Fig. 5.1b)

Y axis of F, strain ellipsoid.
(Appendix I11)

L,

First cleavage S,/
second cleavage S,

intersection on cither

S, or S, surfaces (S, is

generally a

crenulation cleavage).

Ly 12=180"
Plane

Plunge of lineation L, (note data
for Sy, S, and S, are also required)
(Figs. 2.11-2.13).

Strain of deformed objects
parallel to lincation (Appendix
11).

Nature of lineation. (Figs. 5.1 to
5.4)

Orientation and nature of S, S,
and S,. (Fig. 4.1)

Nature of strain. Fibre growth
parallel to lineation.
Fractures parallel to lineation.

Lineation generally parallels F,
fold axis &, (for S, surfaces). (Fig.
5.1b)

Y axis of F, strain cllipsoid.
(Appendix I11I)
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Table 4.2 Dara to be collected from observations on the second cleavage Sy(commonly a crenulation cleavage or schistosity).

Ntructure

What ta Measure

What Observations to Record

Results of Analysis

5 ICommanty &
Cranuiaton cheaeage

5 Pane
o Schestocily)

e | | T

MUt

Dip direction (or strike and dip)
(Figs. 2.5-2.7) of 5,

L, Intersection of first cleavage

on second cleavage plane S, (Figs.

2.11-2.13).

L Intersection of bedding on
sccond cleavage plane (Figs.
2.11-2.13).

Mineral stretching ML, lincation
on cleavage plane (Figs. 2.11-
2.13).

Oricntation and magnitude of
strain in deformed objects in the
cleavage plane (Appendix 111).

Nature of 5, cleavage: orientation
of 8, cleavage relative to S,
cleavage and relative to bedding
S (Fig. 4.7)

Sense of vergence. (Fig. 3.9, 3.10)
Facing on cleavage.

Nature of lincation. (Fig. 5.1 to
5.4)

Nature of strain relative to
cleavage. (Appendix 111)

Table 5.2 Data to be collected from observations on mineral stretching lineations ML, ML,.

Position relative o F, fold

axis. (Fig. 4.5)

Mean cleavage approximates to F,
axial plane.

Vergence and facing of F,
structure,

Orientation of F; told axis (#; axis)
of folded S, surface. (Figs. 4.7,
5.1d)

Orientation of F, fold axis for
folded bedding S, surface (note
that this depends upon bedding
Sy and F, limbs). (Fig. 8.3)

Orientation of stretching axis
2= X axis of bulk strain ellipsoid
for F, deformation (g, axis). Fig.

" 3.2 and Appendix 111)

XY plane of F; strain ellipsoid,
(Appendix 111)

Structure

What te Measure

What Observations to Record

Results of Analysis

ML, Mineral
stretching lineation in

Mineral
Steeiching Linealion ML,

ML, Mineral
stretching lincation in
S,.

Sy Crenulation
Cleavage
Plane

Plunge of ML, lincation
(orientation data for S, and S,
also required) (Figs. 2.11-2.13).

Strain of deformed objects
parallel to lineation (Appendix
1),

Plunge of lincation (orientation
data for S, S;, and 8, are also
required) (Figs. 2.11-2.13).

Strain of deformed objects
parallel to lincation (Appendix
).

Nature of lincation (nature of
bedding and cleavage also
required).

Overgrowths parallel to
lineation, fibre directions.

Nature of strain.
Fibre overgrowths.

Nature of lincation (nature of S,
S, and §; also required).
Overgrowths parallel to
lincation, fibre directions.

Nagure of strain,
Fibre overgrowths.

Lineation generally parallels the
X axis of the F, finite strain
cllipsoid, (‘4," tectonic axis). (Fig.
3.2; Appendix 111)

X axis of F, finite strain
cllipsoid.(Appendix 111)

Lincation generally parallels X
axis of the F; finite strain cllipsoid
(a; tectonic axis). (fig. 3.2;
Appendix 111)

X-axis of F, finite strain cllipsoid.
(Appendix 111)
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Table 5.3 Data to be collected from observations on lincations associated with faults.

What to Measure

What Observations to Record

Results of Analysis

Structure
Grooving (no crystal
fibre growth).

-—

-t

Plunge of lincation.
Oricntation of fault surface.
Orientation of displaced units
(Figs. 2.11-2.13).

Nature of grooving.

Fault rocks.

Sense of movement from steps in
fault planc.

Width of fault zone.
Displacement.

Stratigraphic separation.

Sense and direction of movement
of fault (solutions for exact
displacements are not common).

Slickensides (crystal
fibre growth).

Shehgnyidey

Fauht
Plane

=10

Plunge of lincation,
Orientation of fault surface.
Orientation of displaced units
(Figs. 2,11 2.13).

Nature of fibre growth.

Sense of movement from fibres
and steps in fault plane.

FFault rocks.

Width of fault zonc.
Displacement.

Stratigraphic separation.

Sense and direction of movement
of fault (solutions for exact
displacements are not common).

Slickolites (Fig. 5.6c)

Plunge of hincaton,
Orientation of fault surface.
Orientation of displaced units
Movement direction 90° to
accretion steps.

Nature of fibre growth.

Sense of movement from fibres
and steps in fault plane.

Fault rocks.

Width of fault zonc.
Displacement.

Stratigraphic separation.

Sense and direction of movement
of fault (sulutiuns for exact
displacements are nut common),

Table 6.1

Data to be collected from extensional faults,

Structure

What te Measure

What Qbservations to Record

Results of /luﬂr;:

v
s

e
ol Shchanyice
Lingation
0120
Shchannide

Orientation of fault plane (dip
dircction) (Figs. 2.5-2.8).

Orientation of displaced units on

both sides of fault (Figs. 2.5-2.8).

Lineations on fault planc:
grooving, slickensides,
slickolites (Figs. 2.10-2,13; Figs.
5.6 & 6.4).

Oricntation data on synthetic
structurcs (Fig. 6.8¢): faults and
fractures (Figs. 2.5-2.8; 2.11-
2.13).

Orientation data on antithetic
structures (Fig. 6.8¢): faults and
fractures (Figs. 2.5-2.8, 2.11-
2.13).

Nature of fault plane: fault rocks.
Curvature of fault plane?
Width of fault.

Stratigraphic scparation. (Fig.
6.2)

Sense of movement.

Sense of shear.

Nature of lincations on fault plane
(fibrous slickensides?). (Table
5.3)

Movement sensc. (Fig. 5.6)

Relationship to other faults.
Cross-cutting reclationships.
Associated folding. (Fig. 3.13)

Nature of synthetic structures.
Movement directions. (Fig. 5.6)

Nature of antithetic structures.
Movement directions. (Fig.5.6)

Deformation processes.
Listric/planar faulting. (Fig. 0.8)

Displacement direction. (Fig. 6.6)
Minimum slip.
Amount of extension.

Movement direction.

(Fig. 5.6)

Fault sequences. (Fig. 0.8)
Kinematic development.

Fault systems. (Fig. 6.0)
Movement patterns.
Stress systems. (Fig. 6.1)

Fault systems. (Fig. 0.6)
Movement patterns.
Stress systems. (Fig. 6.1)
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Table 6.3 Data to be collected from wrench faults.
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Structure What to Measure

What Observations to Record

Resuits of Analysis

Orrientation of fault plane (dip
direction) (Figs. 2.5-2.8 and 6.1).

Orientation of displaced units on
both sides of faule (Figs. 2.5-2.8).

Lineations on fault plane:
grooving, slickensides,
slickolites (Figs. 5.6, 6.4; 2.11—
2.13).

Orientation data on svnthetic
structures Riedel shears R,, R,,
P shear (Fig. 6.16a).

Second and third order faults
Associated folds (Fig. 6.16a).

Table 6.2 Data to be collected from contractional faults.

Nature of fault plane fault rocks.
(Fig. 6.18 and Table 6.4)
Width of fault zone.

Movement direction. (Fig. 5.6)
Sense of shear.

Nature of lineations on fault plane
(fibrous slickensides?).

(Table 5.3)

Movement sense. (Fig. 5.6)

Relationships to other faults.
Cross-curtting relationships.
Associated folding.

Nature of synthetic structures.
(Fig. 6.16a)
Movement directions. (Fig. 5.6)

Deformation processes.

Displacement direction.
(Fig. 5.6)
Amount of slip/offset.

Movement direction. (Fig. 5.6)

Fault sequences. (Figs. 6.16 and
6.19)

Kinematic development.

(Fig. 6.16a)

Fault systems. (Fig. 6.16a)
Movement patterns. (Fig. 6.16a)
Stress systems. (Fig. 6.16a)

Structure What to Measure

What Observations to Record

Results of Analysis

<N Orientation of fault plane (dip
% direction) (Figs. 2.5-2.8).

Orientation of displaced units on
both sides of faule (Figs. 2.5-2.8).

Lineations on fault plane:
grooving, slickensides,
slickolites (Figs. 2.4-2.13, 5.6 and
N 6.4).

Orientation data on synthetic
structures: faults and fractures
(Figs. 2.5-2.8, 2.11-2.13),

Orientation data on antithetic

structures: faults and fractures
(Figs. 2.5-2.8, 2.11-2.13).

Nature of fault plane: fault rocks.

(Fig. 6.18, Table 6.4)

Curvature/stepped nature of faule

plane?
Width of fault zone. (Fig. 6.11)

Stratigraphic separation/overlap.
Sense of movement.

Sense of shear.

Nature of lineations on fault plane

(fibrous slickensides?).
(Table 5.3)

Movement sense. (Fig. 5.6)

Relationships to other faults.
Cross-cutting relationships:
Imbricate fan? duplex? out of
sequence? Ramps? Associated
folding. (Figs. 6.11a and 3.13)

Nature of synthetic structures.

Movement directions. (Fig. 5.6)

Nature of antithetic structures,
Movement directions. (Fig. 5.6)

Deformation processes.
Listric/planar/stepped faule.
(Fig. 6.11a)

Displacement direction.
(Fig. 5.6)

Minimum slip.

Amount of contraction.

Movement direction. (Fig. 5.6)

Fault sequences.
Kinematic development.

Fault systems.
Movement partterns.
Stress systems. (Fig. 6.1)

Fault systems.
Movement patterns.
Stress systems. (Fig. 6.1)
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Table 6.6 Data to be collected from observations on shear zones.

Wihat Observations o Record

Structure What to Measure Results of Analysis

Brittle shear zone Orientation of shear zone Nature of shear zone. (Fig. 6.19) Stress systems. (Fig. 6.19a)
boundaries (Figs. 2.5-2.8). Width of shear zone. Sense of shear. (Fig. 6.19a)
Orientation of Riedel fractures R,  Fault rocks developed. (Fig. 6.18,  Displacement.
and R; (Fig. 6.19. & Figs. 2.5- Table 6.4)° Deformation processes.
28). Veining and/or pressure- :
Orientation of fabric in fault solution. (Fig. 6.23 and 7.6b)
gouge. (Fig. 6.8) Fracture orientations relative to
Orientation of P fracture (if shear zone. (Fig. 6.19a)
developed). (Fig. 6.19) Sense of shear, (Fig. 6.192)
(Additional data—orientation of  Displacement.
structures outside shear zone). Structures outside shear zone.
(Fig. 6.23)
Orientation data on conjugate Observations on conjugate array.  Stress systems. (Fig. 6.19a)
array. (Fig. 6.22) (Table 6.5) : Sense of shear. (Fig. 6.19a)

Displacement. '

Semi-brittle shear
zone (en-cchelon
tension gashes)

\'\

Pressure
Solution Fabne

Ductile shear zone

N\

Toliation

shear rone

Tohation

sheat rone

Orientation of shear zone
boundaries (Figs. 6.20 & 2.5~
2.8).

Orientation of crack tips.
(Fig. 6.20a)

Orientation of intersection of
crack tips with shear zone
boundary. (Fig. 6.20a)
Oricntation of pressure-solution
fabric at shear zone margins.
(Fig. 6.20a)

(Additional data on orientation of
structures outside shear zonc).

Oricntation data on conjugate
array. (Fig. 6.22)

Orientation of shear zone
boundaries (Figs. 6.21 & 2.5~
2.8).

Orientation of foliations at shear
zone boundarices. (Fig. 6.21)
Orientation of lincations in shear
zone (ML). (Figs. 2.11 to 2.14)
Orientation/vergence of folds in
shear zone. (Fig. 3.9)

Strain of deformed objects across
shear zone. (Appendix 111)

(Additional data on oricntation of
structures outside shear zone).

Orientation data on conjugate
array. (Fig. 6.22)

Nature of shear zone.

(Figs. 6.20, 6.22)

Width of shear zone.

Nature of veins — fibrous or
massive. (Figs. 6.20a, 7.6)
Nature of foliation in shear zone.
(Figs. 4.1, 4.2)

Sense of shear. (Fig. 6.20a)
Displacement.
Photograph/sketch of shear zone.
Structures outside of shear zonc.

Observations on conjugate array.

Nature of shear zone. (Fig. 6.21a)
Width of shear zone.

Nature of foliation. (Figs. 4.1,4.2)
Sense of shear.(Figs. 6.21, 6.26,
6.27)

Displacement.

Nature of folds/vergence.
(Fig. 3.9)

Strain in deformed objects.
(Appendix I11)
Photograph/sketch of shear zone.
Structure outside shear zone.,

Observations on conjugate arrav.

(Table 6.5)

Deformation processes.

Stress systems. (Fig. 6.20a)
Sense of shear. (Fig. 6.20a)
Displacement.

Strain in shear zone.
Deformation processes.

Stress systems. (Fig. 0.20a)
Sense of shear. (Fig. 6.20a)
Displacement.

Strain in shear zone.
Deformation processes,

Stress systems. (Fig. 6.21a)
Strain distribution.

Sense of shear. (Fig. 6.21a, 6.20,
6.27)

Displacement,

Deformation processes.

Stress systems. (Fig. 0.21a)
Strain distribution.

Sense of shear. (Fig. 0.21a, 6.20,
6.27)

Displacement.

Deformation processes.
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Table 7.1 Data to be collected from observations on joints, veins and stylolites.
Strncture What to measure What observations to record Results of analysis
Joints Dip direction (or strike and dip) Fracture type (dilational, shear, or  For conjugate shear-fractures —
il (Figs. 2.6 & 2.5). hybrid). (Fig. 7.1) stress systems.
. Dip direction of conjugate Conjugate fracture system.
fracture array (if developed). (Fig. 7.2)
Extension Joints
Line of intersection of conjugate Bedding and uniformity of Bed competencies.
arrays (Figs. 2.11-2.13), bedding dip. History of fracture movement.
Fracture spacing.
. Bed thicknesses.
Length of fractures relative to bed
thicknesscs,
it Nature of fracture surface.
(Fig. 7.3)
Nature of fracture infilling
(quartz; carbonate; fibrous or
. massive).

Line of bedding intersection on

Contugate Mybrid Joinns tangle <s0n fracture plane (Figs. 2.11-2.13).

Gives apparent dip of bedding.
Used to caleulate true bedding
attitude.

Additional
information required
for analysis.

Dip direction of bedding
(fractures are best analysed in
areas of uniform bedding).
Orientation of fold axis.
Orientation of fold axial plane.

Nomogramm wahres/scheinbares Einfallen

Relationship of fracture to
bedding. (Figs. 7.4, 7.5)

Analysis of fracture systems with
respect to bedding and fold
limbs. (Figs. 7.4, 7.5)

Relationships of fractures to fold.
Cylindrical (Fig. 7.4)
Non-cylindrical (Fig. 7.5)

Gives fracture systems: a—c, b—c,
ctc.

Beispiele:

Wahres Einfallen a=45°,
Profilwinkel B= 10° *

Scheinbares Einfallen y =10°

Scheinbares Einfallen y = 15°
Profilwinkel = 35° *

Wahres Einfallen a=25°

Profilwinkel (B)

20 25 30 35 40 45 S0 55 60

65 70 75

wahrer Einfallswinkel (a)



Signaturen Geol. Karte

Tabelle 1.8 Bespiele fiir Signaruren von Magmatiten und Metamorphiten

/+Pl

[+VT

/+GDr

/+Sy

1+Tr

I+ Mz

/+Dr

(+P

+Pt

Magmante

Plutonite, allgemein,
Granit

Vulkanite, allgemein,
Rhyolith

Tuff, allgemein

Granodiorit

Syenit

Trachyt

Monzonit

Diornie

A\
\4

Paliovulkanite

Porphvr (-Rhyolith)

Porphyrit (-Andesit)

vV_V
Y

?F I ?l /+Pd  Peridont

_v
V

v /+An
vl .,
+ /+Gb
+|
il IS
v /+Ph
T e
‘ /+Ub
Y /+D
v +M
Spilit "-Basalt)

Andesit

Basalt

Gabbro

Norit

Foyait

Phonolith

Essexit

Ultrabasite, allgemein

Diabas (-Basalt)

Melaphyr (-Basalt)

Tabelle 1.8 (Fortsetzung) Metamorphite
Orthogesteine
e —— e —_— .
/* Gn  Orthogneis
—_— Y = -~
S~ = A =
/*G  Metagranit
—_ A~ —— > e =
@ @ @ /*E  Eklogit
Paragesteine
Regionalmetamorphose
~ o ) ~ ke
/* ¢g  Grinschiefer (-fazies)
e T
/* ph  Phyllit
S~ A, S
~ /* gl Glimmerschiefer ~
e Tk . o ) —_ =
_ _ /*am  Amphibolit (-fazies) a~
Ultrametamorphose (auch Anatexis)
A~ —-—-| MM \ ~ 4+ ~
* Mi  Migmane, Metatexit
—_ A - = — A ——
R S TR . = .
" /* Dt Diatexit
A T A .
Kontaktmetamorphose
/ / /
A \ /*h Hornfels - -
-

/* ks Kalksilikatfels

/* Se

Serpentinit

/* Am  Amphibolit

/* gn  Paragneis

/*q Quarzit

/*cq  Quarzitschiefer

"k Marmor

/* Ga  Anatektischer Granit
/* Gu  Granulit

/* ¢k Knotenschiefer
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Kartierberichte

Vorschlag fur eine Gliederung von Kartierberichten mit dem Ziel
der Straffung und Erleichterung der Arbeit. Die Gliederung ist nur
als Grundgeriist zu verstehen und soll keinesfalls zwingend
vorgeschrieben sein. Anpassungen an spezielle Gegebenheiten sind
erwinscht.

Erster Entwurf als Diskussionsgrundlage

Vorwort
Im wesentlichen Danksagung (nicht zu blumig, im Kern ehrlich
aber nicht zu direkt). AuBerdem: Zeitraum der Anfertigung,
Kooperationen etc., - ggf. Einbindung in bestimmte
Forschungsprojekte, Forderungen

1. Einleitung
- Lage des Arbeitsgebietes (geographisch und geologisch) im
gréReren Rahmen mit entsprechenden Ubersichtskarten
- Literaturhinweise zur Erforschungsgeschichte und zu neueren
geologischen Modellen - generelle, kurze Beurteilung der
AufschluRverhaltnisse - Aufgabenstellung nur, wenn diese Uber die
der Standardkartierung hinausgeht, z.B. falls Kartierung in
Verbindung mit einer weiterfiihrenden Diplomarbeit angefertigt
wird. - Hinweis auf altere Kartiervorlagen

2, Lithologie/Stratigraphie der kartierten Einheiten
- Makroskopische Beschreibung mit Handstiickfoto
- Mikroskopische Beschreibung mit Dunnschlifffoto (Petrographie)
- Unterscheidungsmerkmale bzw Abgrenzungskriterien
gegentber anderen Einheiten - Dokumentation aussagekréaftiger
Aufschlisse (Fotos, Skizzen) - Literaturhinweise zu neuen,
detaillierteren Bearbeitungen.

3 Strukturgeologie
- Lagerungsverhaltnisse (grobe Ubersicht, GroRstrukturen)
- Mdglichst vollstdndige Beschreibung der Gefligeelemente
(Falten, Schieferungen, Scherzonen, Klifte etc.)
- Dokumentation der Gefuge/Strukturen anhand von
Gefligediagrammen sowie einer Auswahl von Aufschliissen
(Makro) und Dinnschliffen (Mikro) mit entsprechenden Fotos
und Skizzen.

4. Zusammenfassende Interpretation
- Kurze Beschreibung der anhand der Kartierung und
erganzenden Beobachtungen (z.B. Dunnschliffe)
rekonstruierbaren Entwicklungsgeschichte (z.B. Sedimentation,
Diagenese/Metamorphose, Deformationsereignisse,
Erosionsformen); - Neue Ergebnisse kurz dem bisherigen
Kenntnisstand gegeniberstellen.

5. Literatur
nur Arbeiten, die auch im Text vorkommen unter Beachtung der
vorgeschriebenen Zitierweise (s.u.)

6. Anhang

- Komplettes AufschluBverzeichnis: allgemeine Ortsangabe,

R- und H-Werte, aufgeschlossene Phdnomene in Stichworten

- Komplettes Probenverzeichnis fur Handstlicke und Diinnschliffe:
Probennummer, Fundpunkt (Ortsangabe einschl. R- und H-
Werte), Material, ggf. spez. Prdparate fir anderweitige
Verwendung (z.B. Diplom-Arbeit), ggf. Orientierungsdaten
angeben. - Datentabellen (z.B. KompassmeRwerte, getrennt nach
0.g. Aufschliissen).

Anlagen
- Geologische Karte mit strukturgeologischen Signaturen, mit
Legende Geologische Querprofile
- gof. Spezialkarten und -profil

Was sollte nicht im Kartierbericht enthalten sein? (eine Auswahl auf der
Basis bisheriger Erfahrungen)

1) Ausflhrliche Darstellungen des groRregionalen geologischen Rahmens
2) Breite Erlauterung der Erforschungsgeschichte

3) Beschreibung der Lebensgewohnheiten der Eingeborenen
(Landwirtschaft, Entwicklung der Besiedlungsdichte etc.)

4) Lehrbuchhafte Kapitel (z.B. Nomenklaturen von

Faltengeometrien), stattdessen nur Methode mit Zitat nennen

5) Beschreibung von Standardmethoden

6) Zusétzliche Untersuchungen/Ergebnisse, die mit der eigentlichen
Kartierung nichts zu tun haben und auch nicht in der Aufgabenstellung
gefordert wurden.
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7) Wissenschaftliche Diskussionen, die keinen unmittelbaren Bezug zur
Kartierung haben

8) Angewandte bzw. lagerstattenkundliche Aspekte nur in Ausnahmefallen
(z.B. Kartierung steckt i. W. den Rahmen eines Abbaugeléndes ab).

9) Zu weit flhrende Interpretationen bzw. Spekulationen (z.B. aus zwei
beobachteten Verschiebungsflachen komplexe Duplexstrukturen
konstruieren). Interpretationen sollten sich auf das Kartiergebiet bzw.
engeres Umfeld beziehen und nicht in das Grolireginale ausschweifen.

Technische Hinweise (in ungeordneter Reihenfolge)

Karte: Name des Kartierers und Jahreszahl (Abgabe) nicht vergessen, Rahmen
mit Koordinatensystem versehen, Lage der Querprofile eintragen, in
lithostratigraphischen Saulenprofilen soll Unten = alt und Oben = jung sein.
Ubliche Farben (?DIN) fiir bestimmte Lithologien bzw. stratigraphische Einheiten
verwenden (bitte nicht griin fur Granite), Lage des Kartiergebietes in einer
Ubersichtskarte ist sehr hilfreich, ggf. mit Lage benachbarter Kartiergebiete;

Geologische Ouerprofile: Nicht Giberhéhen. Profile sollten einen gewissen
Tiefgang haben, was gleichzeitig ein bestimmtes MaR an Interpretation
erfordert. Gleiche Farben und Symbole wie in der Karte verwenden. An den
Réndern Hohe iber NN, Himmelsrichtungen und Profilbezeichnungen (z.B. A-B)
angeben. Bei (falls deutlich von Fallrichtung abweichend) in scheinbare umrechnen.

Abbildungen (Fotos): Alle Dunnschliffbilder mit GrolRenangabe versehen (Angabe der
Bildkantentl&nge oder MaRstab einfligen). Bei ,,texturierten” Gesteinen Schliffe aus
definierten Schnittlagen abbilden (z.B. senkrecht Foliation, parallel Lineation und
senkrecht Foliation/senkrecht Lineation). AufschluRfotos mit Himmelsrichtungen und
Mal3stab versehen. Wenn nétig, bestimmte Objekte in Fotos durch Markierungen (z.B.
Pfeile, Zahlen, Buchstaben) hervorheben, u.U., auch Foto durch Strichzeichnung
erganzen. Abbildungstexte maglichst ausfiihrlich Abbildungen nach Méglichkeit nach
erstem Zitieren im Text positionieren. Der Text muss auf jede Abbildung Bezug
nehmen.

Abbildungen (Zeichnungen) GroRenangabe am besten in Form eines Mal3stabes, der
dann bei anschlieRenden Vergréfierungen oder Verkleinerungen glltig bleibt.
Strichstérken und Zahler/BuchstabengréBen so wahlen, dass sie auch bei
Verkleinerungen noch gut zu erkennen sind Zu enge Punkraster und Schraffuren
verlaufen oft bei zu starken Verkleinerungen. Gelandeskizzen nicht zu

naturalistisch gestalten, nur das Wesentliche hervorheben.

Manuskripte: Vor Beginn der Berichtabfassung Gliederungsentwurf mit dem
Betreuer durchsprechen. Manuskripte, die zur ersten Beurteilung dem Betreuer
vorgelegt werden, sollten geniligend Platz fiir schriftliche Anmerkungen bieten
(breiter Rand, nicht zu enger Zeilenabstand). Es sollten nur vollstdndige Manuskripte
zur ersten Durchsicht eingereicht werden (einschl. Abbildungen, Literatur etc.). Die
Vorlage beim Betreuer sollte nicht zu kurzfristig vor dem offiziellen Abgabetermin
erfolgen (Absprache wegen mdglicher terminlicher Engpdsse anzuraten)

Text: Immer den gleichen Fachausdruck filr bestimmtes Ph&nomen verwenden, auch wenn
dies zu vielfachen Wiederholungen fiihrt. Oft ist es giinstig, Beobachtung und Interpretation
deutlich zu trennen. Nach Mdglichkeit im deutschen Text auch immer den deutschen
Fachausdruck verwenden (z.B. Stress=Spannung). Darauf achten, dass der Text Verweise
auf alle Abbildungen und Tabellen enthélt.

Literatur zur geologischen Kartierung einschl. Bericht bzw. Gel&ndearbeit:

Barnes, J.W. (1981) Basic geological mapping - Open University Press, Milton
Keynes 112 PP

Levshon, P.R. & Lisle, R L(1996) Stereographic projection techniques in Structural
Geology
Butterworth-Heinemann, Oxford, 104 pp

McClay, K.R (1992) The mapping of geological structures. - Geological Society of
London Handbock, Butterworth-Heinemann, Oxford, 161 pp.

Passchier, C.W., Myers, J.S & Kroner, A: Field Geology of high-grade
gneiss terrains. - Springer, Berlin Heidelberg New York, 150 pp

Ramsay, J.G. & Huber, M.I. (1987): Modern Structural Geology - VoL 2: Folds
and Fractures, Appendix F: Geological Mapping: 673-684

Rowland, S.M. & Duebendorfer, E.M. (1994): Strucrural analysis and sythesis
(2nd ed.). - Blackwell Scientific Publications, Boston 279 pp.

Thorpe, R.S. & Brown, G.C. (1995): The field description of igneous rocks -
Geological Society of London Handbock, John Wiley & Sons, London, 154

pp.
Tucker, M. (1990): Field description of dsedimentary rocks. - Geological Society
of London Handbock, John Wiley & Sons, London Toronto, 112 pp
Wimmenauer, W. (1985): Petrographie der magmatischen und metamorphen
Gesteine. - Ferdinand EnkeVerlag, Stuttgart, 382 pp.
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Regeln zum Zitieren von Literatur in einem deutschsprachigem
Text (z.B. Diplomarbeit)

Generell: im Text gibt es kein Komma zwischen Autor und Jahreszahl (wie es bei
englisch sprachigen Texten iiblich ist).
Fiir den Biotitstandard HD-B1 wurde ein KpO-Gehalt von 9,621 Gew. %

angenommen (FUHRMANN, LIPPOLT & HESS 1987).

Mehrere Publikationen werden nach ihrem Erscheinungsjahr geordnet.
Grundlagen, Arbeitstechniken, Moglichkeiten und Grenzen der K/ Ar-
Altersdatierung werden ausfiihrlich diskutiert in DALRYMPLE & LANPHERE
(1969), BONHOMME et al. (1975), HUNZIKER (1979) und FAURE (1986).

Bei gleichem Erscheinungsjahr wird alphabetisch sortiert.
Korrektur fiir den Lorentz-Polarisationsfaktors (KLUG & ALEXANDER 1974,
KRISCHNER 1974).

Ausgewihlte Publikationen, die stellvertretend fiir eine Vielzahl von
Untersuchungen stehen werden mit ,z. B.” gekennzeichnet:

K/ Ar-Datierungen an Mineralen, die unterhalb ihrer Schliefungstemperatur
gebildet wurden und somit als Bildungs- oder Rekristallisationsalter interpretiert
werden konnen, beschrankten sich bisher ebenfalls auf die aufsteigende
Metamorphose (z.B. AHRENDT et al. 1977, 1978, 1983).

Zitat einer regelmiflig erscheinenden Zeitschrift:

AHRENDT, H., HUNZIKER, J.C. & WEBER, K. (1977): Age and Degree of
Metamorphism and Time of Nappe Emplacement along the Southern
Margin of the Damara Orogen/Namibia (SW-Africa). - Geol. Rdsch.,
67:719-742.

Regelmiflig erscheinende Zeitschriften konnen ohne Erscheinungsort zitiert
werden. Falls doch mit Ort, dann alle: Geol. Rdsch., 67: 719-742; Stuttgart

Die Nummer des Bandes in Fettdruck oder unterstrichen (heute weniger
gebrauchlich).

Die Abkiirzungen fiir die Zeitschriften sind festgelegt (s. Zitatleiste der Zeitschrift.
Diese steht oft auf der ersten Seite jeder Publikation oder auf der ersten Seite der
des Zeitschriftenbandes). Bitte nichts selbst ausdenken. Im Zweifelsfall
ausschreiben. In dlteren Zitaten findet man oft die Angaben: Anzahl der Tabellen
und Anzahl der Abbildungen. Dies ist heute nicht mehr tiblich.

Zitat einer nicht regelmiflig erscheinenden Zeitschrift:

AHRENDT, H. (1972): Zur Stratigraphie, Petrographie und zum tektonischen
Aufbau der Canavese-Zone und ihrer Lage zur Insubrischen Linie
zwischen Biella und Cuorgne (Norditalien). - Gottinger Arb. Geol.
Palédont., 11: 1-89 ; Gottingen.

Hierbei ist es tiblich den Erscheinungsort anzugeben.

Zitat einer Monographie (Buch):

DALRYMPLE, G. B. & LANPHERE, M. A. (1969): Potassium-Argon Dating -
Principles, Techniques and Applications to Geochronology. - 1-258;
San Francisco (Freeman).

Anzahl der Seiten, entweder 258 S., oder 1-258, Erscheinungsort, der Name des
Verlags in Klammern.

Zitat eines einzelnen Artikels aus einer Monographie (Buch):

AHRENDT, H., CLAUER, N., HUNZIKER, J.C. & WEBER, K. (1983): Migration
of Folding and Metamorphism in the Rheinische Schiefergebirge
deduced from K-Ar and Rb-Sr Age Determinations. - In: MARTIN,
H. & EDER, FW. (Hrsg.): Case studies in the Variscan Belt of
Europe and the Damara Belt in Namibia: 323-338; Berlin (Springer).

Zitat einer unveroffentlichten Arbeit (z.B. Dipl. Arb.):

WEMMER, K. (1988): Vergleichende, systematische Untersuchungen der
korngrofienabhéngigen Illit-Kristallinitdt an Peliten und Psammiten
des Frankenwaldes. - Dipl. Arb. Univ. Goéttingen, Teil B: 40-90. -
[Unveroff.].

Zitat von Posterbeitrigen zu Konferenzen:

WEMMER, K. & AHRENDT, H. (1994): Age determinations on retrograde
processes and investigations on the blocking conditions of isotope
systems of KTB rocks. - KTB-Report 94-2: S.32, Posterbeitrag zum 7.
KTB-Schwerpunktkolloquium in Gieflen (1.-2.6.1994); Hannover.

Zitat von Kurzfassungen (Abtract) zu Konferenzen:

AHRENDT, H., HANSEN, B., LUMJUAN, A., MICKEIN, A. & WEMMER, K.
(1997): Tectonometamorphic evolution of NW-Thailand deduced
from U/Pb-, Rb-Sr-, Sm/Nd- and K/Ar-isotope investigations. -
Abstract, International Conference on Stratigraphy and Tectonic
Evolution of Southeast Asia and the South Pacific, Bangkok,
Thailand, 19.-24. August 1997: 314-319; Bangkok.
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Aufnahmeschema Petrographie/Gefiige: Durchlichtmikroskopie (Blatt lj

Bearbeiter:

Probenbezeichnung:
Makroskopische Gefiigemerkmale:
Orientierung:

Fundort:

Hauptgemengteile:

Praparat/Nr.:
Nebengemengteile:

Gesteinsart:

Schnittlage:

Akzessorien:

Mineral, Anteil /%

Skizze/Foto
Nr.

Aggregatform/Anordnung:

_______________________________________________________
______________________________________________________

_______________________________________________________

N T N N N N N .

Textur (Schnelltest):

__________________________

__________________________

__________________________

__________________________

Ly R R

__________________________

__________________________

__________________________

___________________________

___________________________

___________________________

___________________________

- e e m ke e o

__________________________

———————————————————————————

________________________

. A —————————

e, e, —— e — -

_________________________

________________________

________________________

_________________________

------------------------

R

Weitere Analysen:
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Aufnahmeschema Petrographie/Gefiige (Blatt 2): Probe:

Bearbeiter:

Skizzen/Fotos Nr. (It. Blatt1)

Zusammenfassende Interpretation:
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