(B) Texture

in german: Textur = Sedimentgeflige (dagegen: Struktur = Sedimentstrukturen

1. Grain size

2. Grain morphology (shape, roundness, surface texture, etc.)

3. Sorting (grain-size distribution)

4. Grain fabric (packing, contacts, orientation)

1-0
A 3 I=i=s B l=i=138
1| 1J O|o
£ :
. & oblate ' equant
1) see scriptp. 5 o 066 :
5§ Cc lzi®s D I=i=s
% 5 S
2) Grain morphology g
£ ! I
5
o
‘L‘f /
' i
0 bladed prolate
0 0-66 10

HVE - Sedimentpetrologie

ratio of short/intermediate diameter

Fig. 2.5 The four classes
of grain shape based on
the ratios of the long (1),
intermediate (i) and short
(s) diameters (after T.
Zingg). Classes are A,
oblate (tabular or disc-
shaped); B, equant (cubic
or spherical); C, bladed
and D, prolate (rod-
shaped). For each class a
shape is illustrated of
roundness 0 and 6 (see
Fig. 2.6).

Tucker 1991

low sphericity [high sphericity

Tucker 1991 p.16

O very angular1 angular 2 subangular 3 subrounded 4 rounded 5well-rounded6

Fig. 2.6 Categories of roundness for

sediment grains. For each category a
grain of low and high sphericity is 0.9
shown. After Pettijohn et al. (1987)

°
~

Fligel 1978 p.173
Abb. 31 Schatzbilder fir Rundung

SPHARIZITAT
o
o

und Spharizitat. Nach Krumbein u.

Sloss (1963). Erforderlich ist die

Erfassung von mindestens 100 0.3
Komponenten, wobei unterschied-

liche KorngréRenklassen zu
) ) berlicksichtigen sind.
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(A) (C)

SEM images of quartz grains: (A) glacial, (B) hifh-energy beach , (C) aeolian

HVE - Sedimentpetrologie

FIGURE 4.18 Surface features of sand grains, seen on en-
larged pictures taken with a scanning electron micro-
scope, aid in differentiating among transporting agen-
cies. (a) Surface of a quartz grain (0.1-mm diameter) that
has been crushed and abraded during transport at the
bed of a Swiss glacier displays distinetive concoidal frac-
tures. (b) Surface of a wind-transported quartz grain (0.5-
mm diameter) from south-central Libva has a distinctive
pitted appearance caused by mechanical chipping as grains

impact one another during strong sandstorms.
HVE - Sedimentpetrologie Porter 1989
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zu 3) Sorting

_ Sfmg
Mean (first moment) = x = (fim¢, + omp,. .. + fomé, )/ 100, 1.¢. i:i(l.n
Standard deviation (second moment) = o
Fig. 2.3 Formulae for the method of . —2 -2 : -2
moments for grain-size analyses, f is the _ [h(mér = x)" + folmpy = x)" ... + fu(me, — X)
percentage fraction in each class interval :
of the total weight of sediment (if a sieve 100
analysis) or of the total number of grains — —
(if data from a thin section), and me is e Zf(me — x)°
the mid-point value of each class interval e Y 100
in phi units
>f(mep — x)°
Moment coefficient of skewness = a3 = M———)‘
1000 Tucker 1991
Sf(mep — x)°? S.14

Mean-cubed deviation = o30° =
Tucker 1991 p.13/14 100

Fig. 2.3 Random section through
spherical grains of equal size,
showing the apparent diffrent
grain sizes present.

The view has an apparent sorting
of 0.58 (i.e. moderately well
sorted) whereas the true sorting
value is O (i.e. very well sorted).
Reproduced from Harrell (1984)
with permission of the Society of
Economic Paleontologists and
Mineralogists.

HVE - Sedimentpetrologie

Sorting:
(o = standard deviation)

<0.35 very good
0.35-0.5 good
05-1.0 moderate
1.0-2.0 poor

>2.0 very poor

Tucker 1991 p.13/14 Fig. 2.4 Visual comparators for random sections through log-normally distributed sets
of spherical grains. Actual sorting in (a) is 0.35, in (b) 0.5, in (c) 1.00 and in (d) 2.00.
Apparent sorting is 0.69, 0.77, 1.16 and 2.08 respectively. Note that the disparity is
greater for very well sorted grains (a), than for the less well sorted (c and d).
Reproduced from Harrell (1984) with permission of the Society of Economic

. . Paleontologists and Mineralogists.
HVE - Sedimentpetrologie g 9




zu 4) Grain fabric

Tucker 1988 p.131
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Fig. 5.19 Solution compaction
between individual grains (porosity is
stippled throughout): (a) Point grain to
grain contacts (arrowed).

(b) Stressed grain to grain cntacts
(large arrows), leading to formation of
dislocations in crystal lattice and
subsequent dissolution, with lateral
fluid transport of solutes (small
arrows).

(c) Planar grain to grain contacts.

(d) Interpenetrating grain to grain
contacts.

(e) Sutural grain to grain contacts.

Pettijohn et al.
1987 p.85

Concavo - convex 4
contact

<=—— Point contact

-Long contact 3

Floating grains 1

Concavo — convex 4
contoct

:.-.4::"."; -
sl lwa——o—0—- |ine of troverse

Fig. 3-11 Definition sketch of fabric
terminology: quartz (white), mica (lined)
and matrix (stippled).

(C) Classification (nomenclature)

QUARTZ + CHERT

A .
Quartzarenite
5 5

McBride (1963)

Subarkose [ Sublitharenite

Lithic
arkose

Lithic
subarkose

Feldspathic
litharenite

UNSTABLE
LITHIC

FELDSPAR
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EXTRABASINAL ARENACEOUS

COMPONENT )

¥

COMPOSITIONAL AND
TEXTURAL ANALYSES

Fig. 1.— Schematic relationship
between arenaceous compo-
nents and data provided by the
optical and sedimentological
analyses of a marine arenite.
NCE: noncarbonate extra-
basinal grains; CE: carbonate
extrabasinal grains; NCI:
noncarbonate intrabasinal
grains; Cl: carbonate intra-
basinal grains; V: volcanic
grains.

Zuffa 1980 p.23
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___<

lithology

AREAS

diagenetic effects
obscure or destroy
originary textural and
compositional features

of the arenaceous
components

ODNA;'rrAiE processes physical and
. chemical
SOURCE pclimate conditions

INTRABASINAL ARENACEOUS
COMPONENT

1
COMPOSITIONAL AND
TEXTURAL ANALYSES

lDIAGENESIS ANALYSIS

| SEDIMENTOLOGICAL ANALYSIS]

1

¥

mineralogical and textural
modifications are estimated

1. basin geometry
2. sedimentation mechanisms

Fig. 3.— Main types of
arenites as defined by
optical analysis of the
arenaceous modes.

Zuffa 1980 p.25
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CARBONATE
INTRARENITE] C!

{calcarenite-FOLK, 1959

CE
CARBONATE Chite
EXTRARENITE {calclithite - FOLK, 1959)

NCE NCE

Quortzoremte

arkose

qroywocke

00 NCi CI cl

bio | arenite
pel calclithite
FIELD DISTINCTION
\CI CE/
NCE NCE
clastic
limestone, sondstone
glauconarenite
phosphatarenite
gypsarenite
CE Ncl | o' Nel

NON-CARBONATE

NCE
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(sandstone)

(HA)
HYBRID ARENITE
(miscellaneous sandstone
-PETTIJOHN, 1975)
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NCH |\NTRARENITE

Ci

CE




First order classification 2nd order classification

McBride 1963

NC| glauconitic greensand Q
oolithic ironstone

reworked phosphorite
gypsarenite

quartzarenite

subarkose sublitharenite

25%

lithic subarkose litharenite

feldspathic
litharenite

lithic arkose

NCE F L

quartzarenite, arkose, litharenite

Garzanti 1991

HVE - Sedimentpetrologie (modifiziert nach Garzanti 1991 und McBride 1963)

~_Quartzwacke
G\

Quartz

Subarkose 5 o

Sedimentary  Metamorphic

Fig. 5-1 Classification of terrigenous and sandstones (Modified from Dott. 1964. Fig. 3)
HVE - Sedimentpetrologie Pettijohn et al. 1987 p.145




Quantification of the framework constituents (components)
Why?
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Quantification of the framework constituents (components)
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Tab. 3.1: Absoluter Fehler in % in Abhiingigkeit von der Anzahl der ausgezéhl-
ten Korner n und der Hiufigkeit eines Korntyps p. Berechnet nach s = \[p(100-p)/n]
(VAN DER PLAS & TOBI 1965). Der angegebene Fehler betrigt 2s (95%ige Wahr-

scheinlichkeit).

. n 100 200 | 300 600

| p |

| 5% 44 | 3.1 | 2.5 1.8
10% 60 | 42 3.5 2.5

1 20% 80 | 57 4.6 3.3

| 40% 9.8 6.9 5.7 4.0

Tab. 3.2: Mittelwert m und mittlerer Fehler 2s (in Klammern, Standardabweichung einer Stich-
probe, 95%igeWahrscheinlichkeit) der hiiufigsten Korntypen von drei Sandsteinproben (n=3). Die
Standardabweichung wurde berechnet nach s = V[Z(x-m)Z/(n-1)] (GRANICHER 1994: S.3-10).

Abb. 3.3

Verhiltnis der Standardabweichung (2s) zur
Hiufigkeit eines Komntyps in % (p). Kurve
und schwarze Kreissignaturen zeigen die
theoretischen Werte aus Tab. 3.1 fiir n = 300.
Vierecke zeigen die ermittelten Standardab-

| Probe Om ! Qp | Q¢ Lm Cm | Cs | D weichungen aus Tab. 3.2.
i 19.2 132 | 55 138 | 9.9 20.1 6.2 |
| H1021-5 (4.4) (39) | (25 | (32 | (37) (5.2) (2.8) ‘ von Eynatten 1996 S.28f.
i = 5.1 36 | 52 | 43 | 332 32.2 8.6 |
: ) (2.1) (B4) | (24) | (2.5) | (8.1) (4.0) (3.9) |
! E 2.8 29 | 27 ‘ 82 | 336 26.4 12.1 |
| Sk @5) | @2 | (©9) | @4 | 47 | 52 | @8 |
HVE - Sedimentpetrologie
0% 20 % 30%
Sketches that help to estimate the
frequency of individual grain types in
sedimentary rocks.
40 % 50 % 60 %
— you will find different types of such
sketches in Flugel (1978, Mikrofazielle
Untersuchungsmethoden von Kalken) or
its English translation from 1982
10%

Fligel 1978 S.158
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(D) Provenance- Provenance Analysis - Approach

analysis

tZ\
(syn.: “\
Liefergebietsanalyse t/{
0
engl.: provenance Z |
analysis) :tl

— Latein: ,provenire*
source ——— sediment

* Modification
’) |
CE |
| / sediment petrology
- composition
provenance - varietal studies
model -
chronostratigraphy
. . sediment dispersal
HVE - Sedimentpetrologie
n; rocks, each containing X; minerals
Xi|X2 X11%2 processes, that modify the potential (or initial;
Source . . i.e. the composition as defined by the source
rocks rocks) composition of the sediment
Ny na
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9 Deformation and

alteration of rock
fragments
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y Morton & Hallsworth 1994
Cement S.242
Figure 2-1. The sedimentary cycle of a sandstone.

Though processes such as weathering and
transport are shown as distinct, they overlap in Pettijohn et al. 1987

natiiy

Compaction




source area

- authigenesis bu

. _ diagenesis
- intrastratal solution

generation parent lithology

topography
- weathering climate
- erosion
- breakage
dispersal - abrasion physical and chemical
- mixing energy on transit
- sorting

- addition of intraclasts
_ sedimentary basin
- compaction composition & texture

flui

rial history
id chemistry

Weltje & von Eynatten 2004
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PETROGRAPHY
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Sarmof  DIRECTIONAL:
Composmon Texture Ping STRUCTURES_-_.

v

Mineral Size and Shape 3 Transport Path

Associations Gradients

Paleo-
latitude

Y

v
Climate and Source Paleoslope and
Weathering Composition Source Location

Distribution

|| PROVENANCE \

Y

PLATE TECTONICS AND
ECONOMIC APPLICATIONS

|

Pettijohn et al. 1987 p.264 and ut
to use

but all

Figure 7-5. Provenance methodology

ility. Many studies may only need
some of these methodologies,
are available.
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stable
continental
craton

recycled orogen
(cont-cont, cont-arc)

provenance models

volcanic island arc

/7 block-faulted
74 continental
y basement

based on Dickinson 1985, modified from Fichter 2000 (http://csmres.jmu.edu/geollab/Fichter/g
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,Dickinson* model

Qt Qm

CRATON
INTERIOR

CRATON
CONTINENTA ‘NTERZOR

BLOCK
MAGMATIC
ARC

QUARTZOSE
RECYCLED

20,

TRANSITIONAL
CONTINENTAL

TRANSITIONAL

RECYCLED =3 CONTINENTAL
OROGEN ==

BASEMENT = _ A\ RECYCLED
BASEMENT UPLIFT :

UPLIFT

LITHIC
X 3% RECYCLED

: A
DISSECTED ARC _

—

TRANSITIONAL

TRANSITIONAL 2 x
ARC o A =
~“UNDISSECTED ARC e ,
i
F =9 = P =
15 <
- UNDISSECTED ARC B,

Figure 1. Provisional compositional fields indicative of sand

derivation from different types of provenances (from
Dickinson et al, 19833).

Dickinson 1985

HVE - Sedimentpetrologie




TRANSITIONAL
CONTINENTAL

RECYCLED
OROGEN

Caribbean Plate

South American
Plate

~
~

-~

/
/\\ ~N ~
GUYANA N 7/
/ SHIELD ; / —

~

/
/

~

-

o -
/=, [ BRAZILIAN

HONIYL I HHD

-37 Plate
DISSECTED T/
ARC__ ="~ 25
.
TRANSITIONAL e —— Patagonia
ARC - UNDISSECTED Amtarctica
y < ARC Plate
15 50 .
Feldspar Lithics o0 ° 500 1600 km
HVE - Sedimentpetrologie
Caribbean Plate Quartz
CRATON
South American INTERIOR,
18

Plate

7 - N —~
~ GUYANA N T/
Z/SHIELD | / -
-~

/
7
~

HON3YL I HHD

South American

Plate
Patagonia
Antarctica
Plate
o0 [’ 500 1600 km

Fig. 1 Major tectonic elements of South America and adjacent
ocean basins.

HVE - Sedimentpetrologie Potter 1984 p.646ff

TRANSITIONAL
CONTINENTAL
RECYCLED
OROGEN
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ARC _ - -

-

-
TRANSITIONAL ///
ARC _~ UNDISSECTED
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15 50 N
Feldspar Lithics
Quartz
Monocrystilline

CRATON
INTERIOR
20/

~

— SECTED ARC \
23 a7 13

Lithics and
Composite
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Fig. 2 Plate tectonic classification of sandstone mineralogy (after

ref. 6, Fig. 1). Numbers in the small triangles indicate: 1, average

composition of passive margin sands from the Rio de Plata to

Trinidad; 2, beach sands from Trinidad westward along the Carib-

bean coast; 3, Argentine beach sands; and 4, the sands of South
America’s Pacific coast (see Fig. 3).
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7-4. QFR ternary plot of the composition of

dium-size fraction of Holocene fluvial sand
-cycle parentage (from Suttner er al., 1981,
by permission of the Society of Economic
ologists and Mineralogists).
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Case Study 1: Oligo-/Miocene foreland basin, Betic Cordillera (Lonergan & Mange
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Fig. 4. Facies summary of the Espuiia foreland basin, illustrating a generally deepening sequence through time.




Subsidence Analysis

A Espuna (maximum) B )
0.0 g Espuna (maximum)
00 '.‘_ I I
1.0
gy, o
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c 5]
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E 3
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6.0 - & Decompacted subsidence -

7 L 1 3‘8 | |

800.0 200.0 100.0 0.0 00.0 200.0 100.0

Time (Ma) Time (Ma)

Fig. 6. Subsidence analysis for a maximum and minimum thickness of the Espuiia Malaguide section: (A) Circles, uncorrected subsidence;
triangles, decompacted subsidence. (B) Vertical bars, water-loaded or tectonic subsidence including uncertainty in palacowater depth. The
effect of sediment loading has been removed by replacing the sediment with water and assuming Airy isostasy. Dotted lines are best-fitting
maximum and minimum theoretical subsidence curves for a rift basin with finite duration stretching with uniform strain rates, and an initial
crustal thickness of 30 km. Vertical dashed line indicates significant departure of observed subsidence from the theoretical rift model. At the
start of the Tertiary (65-50 Ma) there is a rapid increase in subsidence due to the onset of foreland basin development.
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Petrographic composition

A) Qm B)

(:;OI:;]I:;r::le<ntat Collision/
fold-
provenances . Recycled orogen old-thrust belt

provenances sources

Lt Lv LmLs

Fig. 7. Sandstones from the Amalaya and Bernabeles Formations
plotted on Q,,F,L, (A) and Q,,L,,L,,.L, (B) triangular diagrams,
using framework petrology data from Table 1. The sandstones fall
within the recycled orogen and collisional fold and thrust belt fields
when compared with the actual distribution of mean detrital modes
of recent sandstone suites (shaded fields on the triangle plots, from
Dickinson 1985).
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Heavy Minerals

A 1194/1530/29

Langhian ] Reworked stable 1st cycle
: minerals metamorphic
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E o ;
W Burdigalian T ; ey (N Andalusite
- ey ::1:] Zircon Kyanite
2 1140 Sillimanite
E 7
c Apatite //1 Chloritoid
8 Aquitanian
91‘ 5/1144/1526 Rutile e Epidote
E II.I.I
'8
© Blue Amphibole
- 837B
= U.Oligocene
E =l nggg Other
b
803

0 10 20 30 40 50 60 70 80 90 100

% of mineral assemblage, excluding garnet

Fig. 9. (A) Results of heavy mineral analyses arranged in ascending stratigraphic order. Reworked stable minerals were derived from the
Malaguide Complex, whereas first-cycle metamorphic minerals were derived from the Alpujarride and Nevado-Filabride Complexes.

(B) Summary plots illustrating the main trends of heavy mineral composition in the upper Oligocene and Miocene stratigraphic section. Plot
(a) illustrates the Internal Zone unroofing history with reworked stable minerals eroded from the highest sedimentary rocks dominating the
lowest part of the section. A major influx of metamorphic minerals occurs in the Burdigalian, and high-pressure (HP) index minerals from the
structurally lowest Nevado-Filabride Complex appear at the top of the section in the Langhian. Plot (b) illustrates the accompanying increase
of garnets. Ratios of stable reworked (tourmaline, zircon, rutile and apatite) to metamorphic minerals are presented in plot (c).
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Fig. 9. (A) Results of heavy mineral analyses arranged in ascending stratigraphic order. Reworked stable minerals were derived from the
Malaguide Complex, whereas first-cycle metamorphic minerals were derived from the Alpujarride and Nevado-Filabride Complexes.

(B) Summary plots illustrating the main trends of heavy mineral composition in the upper Oligocene and Miocene stratigraphic section. Plot
(a) illustrates the Internal Zone unroofing history with reworked stable minerals eroded from the highest sedimentary rocks dominating the
lowest part of the section. A major influx of metamorphic minerals occurs in the Burdigalian, and high-pressure (HP) index minerals from the
structurally lowest Nevado-Filabride Complex appear at the top of the section in the Langhian. Plot (b) illustrates the accompanying increase
of garnets. Ratios of stable reworked (tourmaline, zircon, rutile and apatite) to metamorphic minerals are presented in plot (c).




Chloritoid chemistry
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Fig. 10. Scatter plot showing the geochemistry of chloritoids. Data
from Gomez-Pugnaire & Sassi (1983) are included for comparison.
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Fig. 12. Summary of the Internal Zone
unroofing history as documented from
sediments of the Espuia foreland basin.
Stratigraphic columns are schematic and
not to scale.




