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Stratigrafie

* biostratigrafie
* fyzicka stratigrafie
— litostratigrafie

— geneticka stratigrafie (alostratigrafie — uvazuje
alogenni ridici mechanismy, extrapanevni,
opak autogennich procesu, napf.
autocyklicnost fluvialnich nebo deltovych
sedimentu)

* napr. sekvencni stratigrafie

* chemostratigrafie



Stratigraphy Property

Lithostratigraphy lithology
Biostratigraphy fossils
Magnetostratigraphy magnetic polarity
Chemostratigraphy chemical properties
Chronostratigraphy absolute ages
Allostratigraphy discontinuities
Seismic stratigraphy seismic data
Sequence stratigraphy depositional trends

Depositional trends refer to aggradation versus
erosion, and progradation versus retrogradation.
Changes in depositional trends are controlled by
the interplay of sedimentation and base-level shifts.

FIGURE 1.3 Types of stratigraphy, defined on the basis of the
property they analyze. The interplay of sedimentation and shifting
base level at the shoreline generates changes in depositional trends in
the rock record, and it is the analysis and/or correlation of these
changes that defines the primary objectives of sequence stratigraphy.
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Time

tract

2] Formation A - e.g., a fluvial system ——— sequence stratigraphic surfaces
[__1 Formation B - e.g., a coastal system — — lithostratigraphic surfaces
Formation C - e.g., a shallow-marine system

FIGURE 1.12 Conceptual contrast between lithostratigraphy and sequence stratigraphy. Sequence strati-
graphic surfaces are event-significant, and mark changes in depositional trends. In this case, their timing is
controlled by the turnaround points between transgressions and regressions. Lithostratigraphic surfaces are
highly diachronous facies contacts. Note that the system tract and sequence boundaries cross the formation
boundaries. Each systems tract is composed of three depositional systems in this example, and is defined by
a particular depositional trend, i.e., progradational or retrogradational. A sequence corresponds to a full cycle
of changes in depositional trends. This example implies continuous aggradation, hence no breaks in the rock
record, with the cyclicity controlled by a shifting balance between the rates of base-level rise and the sedimen-
tation rates.
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Sedimentology - processes

sedimentary rocks and of the processes by

(within the

Sequence (generally which they form.
confines of Stratigraphy: involving
individf{al - processes depositional
depositional | . correlation system Stratigraphy: the science of rock strata - all
systems) - prediction associations) characters and attributes of rocks as strata,

and their interpretation in terms of mode of

Stratigraphy - correlation origin and geologic history.

and attributes of rock strata

FIGURE 1.2 Sequence stratigraphy and its overlap with the conventional disciplines of sedimentology and
stratigraphy (definitions modified from Bates and Jackson, 1987). When applied to a specific depositional
system, sequence stratigraphy helps to understand processes of facies formation, facies relationships, and
facies cyclicity in response to base-level changes. At larger scales, the lateral correlation of coeval depositional
systems becomes a more significant issue, which also brings in a component of facies predictability based on
the principle of common causality related to the basin-wide nature of the allogenic controls on sedimentation.



Academic applications: genesis and internal architecture of sedimentary basin fills
Industry applications: exploration for hydrocarbons, coal, and mineral resources

> Sequence Stratigraphy 4—\

Integrated disciplines: T Main controls:

- Sedimentology Integrated data: - sea level change

- Stratigraphy - outcrops - subsidence, uplift

- Geophysics - modern analogues - climate

- Geomorphology - core - sediment supply

- Isotope Geochemistry - well logs - basin physiography

- Basin Analysis - seismic data - environmental energy

FIGURE 1.1 Sequence stratigraphy in the context of interdisciplinary research—main controls, integrated
data sets and subject areas, and applications.



Energy flux
_, | (environment)
— Tectonics vS.
l Sediment supply
Allogenic Sedimentation
Eusfasy — | Snfrols (depositional trends)

i ‘ Accommodation T

imate * | (space available for :

sediments to fill)

FIGURE 3.1 Allogenic controls on sedimentation, and their relationship to environmental energy
flux, sediment supply, accommodation, and depositional trends (modified from Catuneanu, 2003). In any
depositional environment, the balance between energy flux and sediment supply is key to the manifestation
of processes of sediment accumulation or reworking. Besides tectonics, additional processes such as
thermal subsidence (crustal cooling), sediment compaction, water-depth changes, isostatic, and flexural
loading, also contribute to the total subsidence or uplift in the basin. Accommodation is affected by the
balance between energy flux and sediment supply (i.e., increased energy ‘erodes’ accommodation; increased
sediment supply adds to the amount of available accommodation), but it is also independently controlled
by external factors such as eustasy and tectonism. At the same time, changes in accommodation controlled
directly by external factors may alter the balance between energy flux and sediment supply at any location
within the basin (e.g., deepening of the water as a result of sea-level rise lowers the energy flux at the seafloor).
The interplay of all allogenic controls on sedimentation, as reflected by changes in accommodation and
energy flux/sediment supply, ultimately determines the types of depositional trends established within
the basin.



Hierarchical order Duration (My)  Cause

First order 200-400 Formation and breakup
of supercontinents

Second order 10-100 Volume changes in
mid-oceanic spreading
centers

Third order 1-10 Regional plate
kinematics

Fourth and fifth order  0.01-1 Orbital forcing

FIGURE 3.2 Tectonic and orbital controls on eustatic fluctuations
(modified from Vail ef al., 1977, and Miall, 2000). Local or basin-scale
tectonism is superimposed and independent of these global sea-
level cycles, often with higher rates and magnitudes, and with a
wide range of time scales.
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http://www.strata.geol.sc.edu/log-stacking.html

Stratigrafie - studuje stdri a chronologické vztahy horninovych téles

SEKVENCNI STRATIGRAFIE

- studuje chronologické vztahy téles sedimentarnich hornin, které vykazuji urcitou
cyklicitu a jsou spojovdny do geneticky provdzanych celkl - sekvenci

Sekvencnéstratigraficky vyvoj je dan vztahem mezi

akomodaci a prinosem sedimentu
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akomodacni prostor - prostor pro potencidlni akumulaci sedimentu
relativni zmény hladiny - projev zmén akomodacniho prostoru; hraji vyznamnou roli v

prostredich citlivych na hloubku vody (Selfy, jezera,...)

fluvidlni prostredi - akomodaéni prostor kontrolovdn spadovou krivkou reky
eolicka prostredi - akomodace ovliviiovdna geomorfologii, smérem vétru, prinosem

sedimentu a hladinou podzemni vody
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BEFORE
SEQUENCE STRATIGRAPHY
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ZAKLADNI REAKCE SEDIMENTARNICH SYSTEMU NA
RELATIVNI ZMENY HLADINY
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Foreshore Upper Lower
/ shoreface/ shoreface Offshore

Pelagic/Hemipelagic

High sealevel
 Highstand systems tract




VYVOJ KLASTICKEHO SELFU V ZAVISLOSTI NA ZMENACH HLADINY

Stage 1 /—Erosion
_ Submarine fan
Sealevel fall: Forced regression I
 Formation of sequence boundary




Stage 2 Fluvial Estuarine
/ / Slope deposits

Low sea level \

 Lowstand systems tract



Stage 3 Condepsed facies

Pelagic/Hemipelagic
Rising sea level: Transgression

 Transgressive systems tract
e Maximum flooding surface




Stage 4 Upper Lower
Foreshore—\ /shoreface shoreface Offshore

Pelagic/Hemipelagic

High sea level: Aggradation and progradation

* Highstand systems tract



SEDIMENTARNI SEKVENCE

Q stratigrafickd jednotka, vymezena na bdzi i na vrchu vyraznymi plochami

diskordance nebo jejich korela¢nimi ekvivalenty

Q reprezentuje obdobi sedimentace urlitého sedimentdrniho systému mezi
dvéma epizodami vyrazného poklesu hladiny

— sekvencni stratigrafie umozriuje rekonstruovat vyvoj hladiny

Sekvencni hranice - plocha predstavujici povrch vznikly béhem vyrazného

poklesu hladiny, ¢asto erozivni
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SEDIMENTARNL:
SERVENCEWAS
KLASTILCKEM SELEU

Estuarine
Upper
shoreface .
Highstand
systems
tract
Lower
shoreface
Condensed I\/Iaxir_num
facies flooding
Offshore surface
Lower
shoreface Transgressive
systems
tract
Upper
shoreface
-% Lowstand
Estuarine systems
tract
>
NS
Upper
ﬁg‘ shoreface



DRAKIYE S .
SEDIMENTARNICH SEKVENCI

trakty (systems tracts)

¢dsti sekvence odpvidajici jednotlivym etapdm vyvoje hladiny

Trakt klesajici hladiny (FSST)




Types of shelf margin

Shelf break
margin

Ramp margin

sea-level (t)

sea-level (ty) —— ——




TRAKT VYSOKE HLADINY (HST)

» zpomalovdni transgrese

= sedimentace vyrovndvd ndriist akomodace '}g“ /
— agradace, agradace+progradace felative  GS //
» oddéleni HST od TST - plocha maximalni zaplavy (MFS) |
ow
» ve vertikdlnim profilu jako prechod mezi e
ime —»
retrogradaénim a agradacné-progradacnim stylem
(b)
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TRAKT KLESAJicI HLADINY (FSST)

» vznika behem poklesu hladiny (nucené regrese); h%gh
neni vzdy vyvinut relative
sea-level
» usporddani parasekvenci - of flap
low
* FST je svchu vymezen sekvencni hranici a na spodu /
t te .
. . . t
RSME (regressive surface of marine erosion) (@) me
fluvial incision sediment eroded to
\ B R - maintain alluvial
T - -~ equilibrium profile
. * A S—
7
i
~/ / //1
flevel (t,) — — /
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i "

submarine fans deposited
(c) at base of continental slope



TRAKT NiZKE HLADINY (LST)

high
» sedimentace béhem nizkého stavu T
hladmy relative S
, . , sea-level X
— obdobi zlomu mezi regresi a
transgresi .

— progradace, progradace +agradace

time —»

(a)

» sekvencni hranice je na bazi LST

rivers cease to incise and
water level starts to rise
in the incised valleys

slope fans
deposited

7

LN
\__ L-_f_,—

~54-sea-level (?1 9)9 ,

‘. j/L\s\e'a-level (tig) L

>~ —
~ r:' -

progradation of shoreline

sediments in low gradient ~

areas over the top of the
slope fans




high

!
TRANSGRESNI POVRCH (TS) i

low

time —»

water table starts to rise
rapidly and alluvial sediments

are deposited, including
infilling the :ncised river valleys

' R T
e . Start of rapid relative .
T kﬁ sea-level rise ({19) distal areas became starved

-,B \,ﬁ_ /. of sediment as locus of

J sedimentation moves in
- a landward direction

first significant marine flooding surface.
Where relative sea-level fell below the
shelf break, the transgressive surface
will mark the lowest flooding surface
across the continental shelf



TRANSGRESNI TRAKT (TST)

» vznikd béhem period rychlého rustu hladiny = transgrese

* retrogradace sedimentarniho systéemu high
= melkovodni facie jsou prekryty hlubokovodnimi reljﬁve “
sea-level

“ravinment surface*

low

erozivni povrch vznikajici uCinkem postupujici baze vinéni

v ~ v g . v . ’ time —»
béhem transgrese = Casto pretiskuje uCinek subaericke eroze,
za nizkého stavu hladiny
estuary forms as coastline retrogrades and
incised valley is sediments are deposited
flooded on top of the LST, FSST
e and HST
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high

PLOCHA MAXIMALNI ZAPLAVY (MFS) i

sea-level

low

29
time —

maximum rate

% i—— of relative —-t___
7R sea-level rise (t,,)

e SN N

7 \ A\
high-water table deposition of marine more distal areas starved
in the alluvial sediments in previously of sediment resulting in the
plain area non-marine areas formation of a condensed section



high

TRAKT VYSOKE HLADINY (HST) !

relative Qg“
sea-level

low

to 7 time —»

(b)

1

a-level (tp) ————-

a-lgvel (t;)




Shelf break
margin

Steep slope at
shelf edge —

Types of shelf margin

Ramp margin

No distinct
shelf edge —

(b)
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ot~ L J,, sea-level (t;) —— — — - 4
© B

sea-level (t;) -
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PARASEKVENCE

parasekvence - sukcese geneticky spjatych sedimentdrnich téles;
vymezena zdplavovymi plochami

- smérem do nadloZi vykazuje zméléujici trend

(v malém meritku)

\~/

sea-level (t-)
;/~ — —————sea-level (t,)

(d)
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PARASEKVENCE

PARASEKVENCE

SEDIMENTARNI SEKVENCE

Estuarine
el I Upper
— horef _
SHOEEIEEs Highstand
\ I Systems
tract
Lower
shoreface
Tens to Condensed
hundreds Offshore  facies
of metres i. Lower
I shoreface Transgressive
~ I systems
I Upper
shoreface
Lowstand
Estuarine systems
tract
Upper

shoreface



Parasequence stacking pattern

PO e TE AL SASAM D P M

Ratio rate of deé
Rate of accommodation

METMOLUAATATERAL PAALABI IAIMIE W

Ratio rate of daposition .
Rate of accommodation

Ratio rate of deposition =1
Rate of accommodation

Van Wagoner et al. (1987)




KRIVKA RELATIVNICH ZMEN
HLADINY

PREDPOKLAD: krivka ma tvar sinusoidy

Kfivka kratkodobych zmén rise

Krivka dlohodobych zmén

fall

» TIME




Sea level curve

rise

fall

» TIME




N\

Transgressive Systems
Tract: retrogradational
parasequence
stacking patterns



Fluvial environments

rivers cease to incise _and
water level starts to rise
in the incised valleys

slope fans
deposited

&gh;;?% ~T) oy ]
sediments in low gradlent TR /i\s\e'a |e\f| (f 16)
areas over the top of the TR —
slope fans e L)
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STRATIGRAPHIC ARCHITECTURE RELATIVE SEA- SHORELINE ARCHITECTURE
LEVEL

SLOW BASE LEVEL RISE TO STILL STAND:
ISOLATED RIBBONS TO LATERALLY
AMALGAMATED MEANDER BELTS

HIGHSTAND: AGGRADATION TO

PROGRADATION
[ | -
Ne -

RASL LEVEL CURVE

TRANSGARESSIVE: RETROGRADATIONAL

AN 4
RSL LEVEL CURVE

STILL STAND-BASE LEVEL RISE: AMALGAMATED, HIGH NET /t_\"'.
TO GROSS FLUVIAL DEPOSITS I
]

.y
RSL LEVEL CURVE
HIGHSTAND

BASE LEVEL FALL: VALLEY INCISION AND PROGRADATION
_FORMATION OF TERRACE DEPOSITS

e \ 'I

SR
" J
\ iy
2 RSL LEVEL CURVE

s

Fig. 7.11 Summary diagram illustrating the relationship between shoreface and fluvial architecture as a function of base level
change (after Shanley and McCabe, 1993). Detailed correlations suggest the timing of the incised-valley fill occurred after the
initial transgressive surface. For this reason Shanley and McCabe (1993) regard the valley-fill as ‘alluvial-transgressive’ deposits




Legarreta & Uliana 1998
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Martinsen et al. 1999
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Deep marine environments

sediment eroded to
_~ maintain alluvial
2 equlllbnum proflle

flulgal incision

/
~~~~~ —sea- Ievel (t1 g

G
~

_/

submarine fans deposited
at base of continental slope
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Deep marine environments
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Sealevel rises
(water depth
iIncreases)

From the point of
view of a crab on
the sea floor...

Subsidence
of sea floor

(water depth
Increases)



Sea level curve

Subsidence

Combined sea level
curve

|

o
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Local tectonics
e.d. v

Relative sea
levelrise

NN



« Changes in sea
water temperature
cause thermal
expansion/contraction

Sea water temperature




EXchange with water on continents
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Continental ice caps

Q S * Increase imice volume
'." o Decrease inice 4 4 L Iowers sea level

volUume raises
seqa level




Global scale thermo-tectonic

 Formation and
breakup of
supercontinents

e Changes in rates of
formation of ocean
crust

10—-100 m sea level
change over
10—-100 Ma



Slow mid-ocean ridge spreading

.

Oceanic crust cools
and contracts

Fast mid-ocean ridge spreading

. . _ R

More hot, buoyant oceanic crust
occupies more space in the
ocean basin



Changes In the eccentricity of the Earth’s orbit around the Sun
100" ka cycle
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Changes in the obliquity (tilt) of the Earth’s axis of rotation

L LIS AXis of rotation

(Currently 23.5°)
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Precession of the axis of rotation
22 ka cycle

Tilt of the axis changes
from being Inclined
towards the Sun to
peing Inclined away

SUN ——— ’ Q from the Sun




Continental ice caps

Q S * Increase imice volume
'." o Decrease inice 4 4 L Iowers sea level

volUume raises
seqa level




KRIVKA RELATIVNICH ZMEN

HLADINY W
Krivka kratkodobych zmeén
Krivka dlohodobych zmen /J\N\/W\/W\ Mw/yf/

Krivka relativnich fall
zmen hladiny }

rise

» TIME
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Geochemie sedimentarnich
hornin, katodova luminiscence
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stabilni izotopy

0180 [%0] = ((12O/10,, -180/180gpow)! 1BO/180gon)*1000
vz — vzorek

O13C [%o] = ((*3C /12C,, -13C 12Cppg)! 3C [1°Cpp)*1000
SMOW, PDB - standardy

procesy izot.frakcionace v hydrosféfe - zmeny izot.slozeni vody s nadm.vyskou,
se zem. Sirkou, —>stratigrafie ledu

uhlikovy cyklus

karbonatové systémy, stratigrafie pelagickych karbonatl, zaznam teplotnich,
klimatickych zmén

513C organické hmoty - typy metabolismu akvatickych a terestrickych rostlin
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izotopova frakcionace

~2000m
8=-|7§;:.(-|30) VAPOR (66%)
CLOUD LAYER (/' ) -

8o =-17.5%(-130) LIQUI
he < 50 (-CLOUDS.S (33 %)

1 MIXING ( ¢ -13 %o (-94)

8 .

)

= 8008 CLOUD BASE

pa CONVECTIVE

< BesiB Ao Grkh) MIXING PRECIPITATION

HOMOGENEOUS LAYER
Sut=13%e(-94)
hH.75./. P. lm

St -4%.(-22)

E=im
8:-4%4(-22)

f EVAPORATION
SEA SURFACE U 8 +1%(410) '

Fig. 1-9. Stable isotope composition of the marine atmosphere (from Craig and Gordon,
1965). §-values are given for '20 and, in parentheses, for deuterium.
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©)
'"!Z'z 1

. ‘t. ~10.610-33.7%

elevation gain
AhwB.orm | AN
N
® Q .
N sublimation encichment
waler vapor loss B, (+20°C) "N = 10,4 % m= ~4&, 1% (cbserved)
-9%

" — 5.(#20'(:) - dry season: O%

-—0% -%. we!l season: BO~85% %‘8&7‘-
“ s l 0.5 % observed b: ~8.0 to ~30.8%.
- 1% 3, +o 7% CL=17.7% K Andes
Rel. Hum. :80-950%
Temp. :27°C _ &
- ‘a Elevation :120m " S
butin, Amazon Basin

Atlantic

Fig. 1. Oxygen isotopic composition of stmospheric water vapor and precipitation from the tropical Adantic Ocean scross
MMM&wWN"OWMmmmMM“*&MhMW
using s Rayleigh condensation equation, while 4) considers post-depositional isotope enrichment [Grootes et al., 1989).
SuplLWuanpumovaNmthumlmOS(‘rym).B‘(ﬂm).nnhmhn
seasonal 5'%0 change in precipitation of up 10 18.4% ; Siep 2), » 5.6 km increase in surface elevation from the Amazon
Basin to Quelccaya results in a 870 decrease in precipitation of about 11%« Step 3), strong convection in summer showers
can increase the range of the seasonal 5150 cycle by at least 5%e (-10.5 10 -33.7%). Enrichment of 8'%0 at the surface during
the dry season may produce snow with 5'%0 = 4.1% The observed rnge of 8' %0 values in snow pits (-8.0 10 -30.8%«) and
its phase agree with the predicted range of 4.1 10 -33.7%
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30 (%o) 51C (%o)
e e Al pBHs P20 1 2

- -101
-—-111

Fig. 3. Carbon and oxygen isotopic composition of peritidal limestones and paleosols in the lower Viséan in the Flémalle-
Haute (A) and Walhorn (B) quarries. The investigated paleosols occur at the top of the Terwagne Formation.
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values (after Nakai, 1972).
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Izotopy stroncia — stratigrafie, paleoprostredi
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Fig. 9.34. Plot of Sr isotope variation with age of 744 samples of marine carbonates, cvaporites and phosphorites (from
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stratigraphically well constrained marine carbonates allowed the reconstruction of a single
clear trend in Tertiary seawater isotopic variation for the first time.
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Chemostratigraphy

sensu lato

Study of variation in the chemical
composition of sedimentary strata

First common use 1980s

Stimulated by advances in analytical
geochemistry: IR-MS, XRF, ICP-AES,
ICP-MS

Rapid, cost-effective determination of wide
range of elements and isotopes in
geological samples
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Chemostratigraphy

sensu stricto

« Characterisation, correlation and dating of
sedimentary units based on variations In
geochemistry
— high-resolution correlation of units

— geochemical typing of key stratal surfaces for
correlation above resolution of conventional
biostratigraphy or physical stratigraphy

— provenance determination
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Major and trace elements

B, Ba — Boron or Barium in clay minerals as an paleosalinity indicator

Si, Zr, Ti (Si/Al, Zr/Al, Ti/Al) — proxies for terrestrial input and altered alkaline basic
volcanism; Vanadium could be used for discrimination of terrigenous and
volcanogenic Ti, V usually correlates with Ti in volcanogenic rocks

Si/Al peaks can correspond to quartz concentrations

High Ti/Al, Zr/Al can indicate heavy minerals (rutile, iimenite, sphene, zircon) and
titanomagnetite inclusions in quartz

Rb — proxy for clay

Ba, Pb — proxy for feldspars

* proxy = a measured variable used to infer the value of a variable of interest e.g. in

paleoclimate research
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Variations in Mn depositional and diagenetic fluxes are
complex but can be related to sea-level change

— Mn concentation of seawater (redox and hydrothermal supply)
— Organic, carbonate and detrital fluxes

— Bulk sedimentation rate

— TOC content of sediment

environmental magnetism (MS - magnetic susceptibility)

— Fe minerals — proxy of terrestrial input, weathering intensity
(magnetite, hematite, limonite, sulphides, ... could be
distinguished)
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katodova luminiscence (CL)

principy; excitace elektronovym proudem, emise zareni
Mn2* aktivator, Fe?* inhibitor luminiscence v karbonatech

studium karbonatovych a kifemitych tmelu, rekrystalizace - stratigrafie tmeld,
historie slozeni a trajektorii panevnich fluid

provenience klastického materialu
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Fig. 6.3. Drawings made from photographs of CL in limestones from the Dinantian (Lower Carboniferous) of Ireland

(a) Coarse sparry calcite mass seen in transmitted light. (b) Same view but with cathodoluminescence. showing a void
developed in micrite (coarse stipple), with a cement sequence of radial fibrous spar (light stipple). non-luminescent ferroan
calcite (black) and brightly luminescent outer zone (white). The void fill is completed by dolomite (hashures). (¢) Medium-
grained blocky spar mosaic seen under transmitted light is revealed under cathodoluminescence (d) as a ncomorphosed,
brightly luminescent biomicrite with gastropods, bivalves and foraminifera which are weakly luminescent
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Fig. 6.4. Paired photomicrographs of limestone thin sections, with transmitted light view to the left and
cathodoluminescence view to the right. All from the Dinantian (Lower Carboniferous) of South Wales. (a), (b) Pwll-y-
Cwm Oolite. Calcite cement fill of bivalve mould, showing details of crystal growth by fine luminescent and non-
luminescent growth bands. (¢), (d) Blacn Onneu Oolite. Syntaxial calcite overgrowth on an echinoid spine, showing
preferential nucleation on the crystallographically suitable substrate. CL reveals detail of the internal structure of the
recrystallized spine. Changes in CL intensity in the overgrowth cement are due to varying concentrations of Fe* ' quencher.
(¢). (I') Gilwern Oolite. Details of the internal structure of ooids is better revealed by CL. Thin, non-luminescent calcite
cement fringes occur on the ooids, followed by brightly-luminescent microspar associated with calerete formed during
subacrial exposure. Photographs by courtesy of Dr M. Raven
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CATHODOLUMINESCENCE MICROSCOPY 185




. 6.5. Paired photomicrographs of sandstones from North Sca cores, transmitted light view to the left and CL view to

wwe night. (a). (b) Medium-grained sandstone with a carbonate cement is seen under CL to have a Barly high fossil content
mainly echinoderms: crinoid fragments and an cchinoid spine (top left) provide substrates for large. zoned overgrowths
which have occluded the primary porosity. (¢). (d) Coarse sandstone with non-luminescent authigenic quartz overgrowths
on violet-luminescing quartz grains. A subscquent zoned calcite cement is being dissolved by Kaolinite (white on picture
royal blue CL). (¢). (1) Violet luminescing (V) and brown (B) quartz grains showing a mixture ol metamorphic and igncous
sources. A sparry calate cement (S) is suffening dissolution by brightly-luminescing Kaolimte (K)

97



cteni:

J.Miller (1988): Cathodoluminiscence microscopy. In: M.Tucker ed.: Techniques
iIn sedimnetology, Blackwell.

D.J.Marshall (1988): Cathodoluminiscence of geological materials. Unwin
Hyman, Boston.

P.Stille a G.Shields (1997): Radiogenic isotope geochemistry of sedimentary
and aquatic systems. Lecture notes in Earth sciences 68, Springer.

J.Hladikova (1988): Zaklady geochemie stabilnich izotopu lehkych prvku. skripta
PfF UJEP, Brno.

G.Faure (1986): Principles of isotope geology. John Wiley&sons.

P.Fritz a J.Ch.Fontes eds (1980): Handbook of environmental isotope geology.
Elsevier.

P.K.Swart et al. eds. (1993): Climate change in continental isotopic records.
Geophysical monograph 78, AGU.

L.Pratt et al. : Geochemistry of organic matter in sediments and sedimentary
rocks. SEPM short course 27.

J.Parnell et al. (1993): Bitumens in ore deposits. Springer.

98



99



Record of palaeoenvironmental changes in a Lower
Permian organic-rich lacustrine succession: integrated
sedimentological and geochemical study of the Rudnik

member, Krkonose Piedmont Basin, Czech Republic
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Lower Permian paleogeography

/5% \

N\ AMUYRIA

30N

/ A\ \
.’ 4 \,f X , S f §‘ NOBTH CHINA \
| PANTHALASSA | ‘@ A wre PALEOTETHYS"\ | e
| ' ~

~ 8 W. Iran ~SOUTH CHINA /
& C Iran / /"
INDOCHINA
\ Qlangta \ /
/




Lower Permian paleoclimate
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