GEL2150: Field course and
methodology in geology and
geophysics

Introduction to Geophysical
exercise

Course teachers: Michel Heeremans, Jens Jahren and Johan Petter Nystuen



Purpose of the course

* Give an example of how to apply the
seismic method in practice

— Apply theoretical knowledge in the field

* Make you familiar with logg/well-to-seismic
correlation



Contents

Geology of the Oslo Rift
Stratigraphic logging in the field
Synthetic seismograms

Introduction to determination of acoustic
impedance in the field

Correlation between stratigraphy and
seismic
Report



Oslo Graben
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Lower Paleozoic
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LATE VENDIAN-EARLY CAMBRIAN
(620-540 Ma)

MIDDLE-LATE CAMBRIAN
(540-505 May)
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Jotunheimen

Mjesa-Toten Ringerike Lier-Basrum Dramimen Holmestrand

N Silunan clastic wedge Cambrian shales Unit lla
Catedoriar thrust ard ‘old beit Manre Ordoavian and Siunan strata Baserment

Ringerike

o

110-130 km

Propagating decollement
thrust

Jotunheimen

Uni e Ringerike

Figure 11.2. Cartoon illustrating the basm evolution and some of th
Silurtan to Barly Devonian. See text for futher discussian

¢ depositional units from Farly



EARLY SILURIAN
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LEGEND
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Fig. 7. Palasotectonic/palacogecgraphic maps of the East European Craton. Legend: 7 = continemzl sands; 2 = continental sands and shales; 3 = tillites (Early Vendian); 4
= alluvial-deltaic and shallow-marine, mainly sands; 5 = alluvial-deltaic and shallow-marine sands and shales; 6 = shallow-marine sands and shales, 7 = alluvial-deltaic
and shallow-marine sands and shales (for Precambrian and earliest Cambrian only}); 8 = shallow-maring sands, shales and carbonates, % = shallow-marine carbonates and
shales; /O = mainly carbonates; 7/ = carbonates, mainly coral andlor algal; 12 = carbonates and evaporites; J3 = mainly evaporites; '4 = deeper-marine carbonates, clays
and silicecus shales; /5 = deeper-marine clays and siliceous shales; /6 = decper-marine clastics andfor carbonates; [7 = turbiditic series, flysch; /& = plateau basalis;
19 = acid vokanites and clastics; 20 = granite intrusions (for Early Riphean), 21 = oceanic basin:, 22 = active fold belts; 23 = inactive fold belts; 24 = cratonie highs;
25 = boundaries of the eraton and main tectonic units; 26 = major active faulls; 27 = spreading axes; 28 = subduction zones; 29 = inversion axes; 30 = dyke systems
{Precamnbrian); 3] = continental slope; 32 = nfts; 37 = highly stretched continental or oceanic crust; 34 = active major thrusts: 35 = boundaries of lithological zones; 36
= crasional edge of mapping interval; 37 = directions of clastic influx; 38 = orogenic volcanism; 79 = basaltic volcanism; 40 = unknown continental terrane.



Upper Paleozoic sediments

Krokskogen, Tyrifjorden

Asker Group

Lava Plateau

Skaugum Fm

Tanum Fm

Kolsas Fm

Sub-Permian peneplain

Folded Ordovician —
Silurian rocks

Asker Group
— Deposited on a eroded
peneplain (20° North)
— Continental deposits (rivers,
deltas)
Kolsas Fm
— Red shales; some sst and Ist;
15m
Tanum Fm

— Sst and Cql; Ist as cement;
15m

— 1m thick marine Ist

Skaugum Fm

— Red shales and sst; volcanic
detritus; 20m



Oslo Graben

Upper-Carboniferous — Permian lavas and

Lavas & sedimentary rocks
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(1) Pre-rift phase
~ 312-295 Ma
Deltaic deposits in
wide depression,
sill intrusions,
minor volcanism
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Graben Formation

Composite Stratigraphic Column
from Central Area of the Oslo Graben
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Lava flow

Distal and proximal
volcanoclastic
alluvial fan deposits
in front of

lava escarpments

Fluvial dominated delta
prograding into a brackish
____ water basin

Tidal influenced
braid delta
prograding and
retrograding within a
shallow marine basin

Fluvial dominated delta
prograding into a shallow
but widespread lacustrine
basin

____ "Pre Upper Carboniferous”



Graben Formation

Composite Stratigraphic Column
from Central Area of the Oslo Graben

@ Initial rifting phase
~ 297-292 Ma
Basaltic volcanism,
volcanoclastic fans
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Graben Formation

L e

Syn-rift phase |, second part | \¢: \
292-276 Ma b
Rift valley formation, locally thick |
continental deposits, volcanism |}

@ Syn-rift phase |, first part
292-276 Ma
Rhomb porphyry plateau lavas,
thin continental sediments
between lavas

AKERSHUS
GRABEN

Migartjern
conglomerate

Transfer fault

~ 30 known |
RP flows /]
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Footwall uplift

Oslofjord
Master Fault

Thick volcaniclastic alluvial fans banked against the master fault



Graben Formation

(@) syn-rift phase Ii (®) Batholith emplacement phase
~276-265 Ma \ 268-255 Ma
Central volcanoes (basaltic) A No supracrustal rocks

Caldera collapse

AKERSHUS
GRABEN
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Correlation between
Oslo Graben and
Skagerrak Graben

* Oslo Graben:
— Surface geology
— Stratigraphy
— No information on
depth
« Skagerrak Graben
— Below sea-level
— Seismic sections
— Depth information
— No control on geology



Seismic line OG-7




How to correlate OG and SG

Logging stratigrafic section
Divide section into seismic sequences

Define acoustic impedance of seismic
sequences

Calculate reflection coefficient
Construct synthetic seismogram
Correlate with seismic



Facies

Stratigraphic logging

Environment
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Seismic scale

Table 1-1. Typical Limits of Visibility and Separability for a range of geologic situations.

Age of rocks Y\éEURI\TG YOUNG  MEDIUM  OLD VSFDY
Depth of target iy LB TR
Formation Velocity (m/s) 1600 2000 3500 5000 6000
Predominant Frequency (Hz) 70 50 35 25 20
Wavelength (m) A 23 40 100 200 300
A
LIMIT OF SEPARABILITY 1 6 10 25 50 75
A
L \Il Poor S/N e.g. \é\gagf:jz?;d ~ 3 5 13 25 38
s Water or oil sand A
“{' ||3 Muderatet s e 0 oot (2 2 3 B 29
) S i Gas sand A
| High SN e.g. good data ~50 1 2 9 10 15
?: 1l‘ Outstanding S/N s ol g g g
Y distancing ®-0- excellent data 30 5

units are meters
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Vertical resolution

Wavelength increases

with depth

Frequency decreases

|

Reduced vertical resolution
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Seismic sequences

Composite Stratigraphic Column
from Central Area of the Oslo Graben

Vulcanoclastic
alluvial fan

Upper
delta

Middle
delta system

delta system

Lower
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F
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Lava flow

Distal and proximal
volcanoclastic
alluvial fan deposits
in front of

lava escarpments

Fluvial dominated delta
prograding into a brackish

water basin

Tidal influenced
braid delta
prograding and
retrograding within a
shallow marine basin

Fluvial dominated delta
prograding into a shallow
but widespread lacustrine
basin

"Pre Upper Carboniferous”

SCALE

ACOUSTIC
IMPEDANCE

SQ1

SQ 2

SQ3

SQ4

SQ5

SQ6



Normally Incident Seismic Rays

incident ray reflected ray
amplitude Ay amplitude 4, Vi, Py
tranTiT;;m?lqray Vo fp
am o
| T E Y,
acoustic impedance Z=pvV
reflection coefficient R=A, 1A, =A A .iq
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R=0 wece gallincidentenergy transmitted (Z,=2,)

R=+1or-1 === allincident energy reflected

R < =—=== phase change m {180°) in reflected ray

WHAT IS A REFLECTOR: HOW CAN IT BE DEFINED (how strong it is)?
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The energy in a seismic wave encountering an interface with different acoustic impedance
above and beneath, is divided in an up going - and a down going wavefield.

Reflected
S-wave

T = AA; Te1,2 = Api/Api

Reflected
P-wave R = AdAj Rp1.2 = AprAP
P,V Ai: amplitude of incoming wave.
171 At: amplitude of transmitted wave.
0,V Ar: amplitude of reflected wave.
2 72

Transmitted , , ; ,
Expressions are for vertically incoming

P-wave

\ pressure waves.

Transmitted \‘

S-wave {

Acoustic impedance: p v

Acoustic impedance is the product between the wave velocity and the density of the medium. I=pv

The reflection and transmission coefficients express the amplitude of the waves.



SEISMIC TRACE (REFLECTION SEISMOGRAM)

Seismic trace.
ampiified oscillographic recording of
each detector (geo~ hydro-phone)

gaulngil: al acoustic reflaction reflectivity input
. impadance coafficient
saclion log log
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Field Trip

Departure: 8.30 from the institute
Arrival: c. 16.00 at the institute

What to bring with you:

— Lunch

— Field book

— Pencil and color pencils (do not use pens)
— Clothing relative to weather

— Light footwear (mainly roads and dirt roads)

Other equipment is provided by us
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Geologisk kart over Oslo og omegn

Sammenstillet av Johan Naterstad, 1991

Malestokk: 1:150 000 0 1 2 3 4 5 6 7 skm

Tegnforklaring og kommentarer:

' l Grus og sand i israndavsetninger og endemorener S §§
°
g 38§
e Marin leire og noe sand og grus. Avsatt under og etter § S
:] r siste istid. Bare vist pa kartet der store masser dekker TS
fast fiell Es 3
k SES
= i og starre linjer. Bare f& av de tall-
L J rike kaledonske skyveforkastningene er med. Disse er hel-

trukne pa Kartet og i snittet

Larenskog varierer. Stedvis

it jer hvor
forekommer finkornig, felsittisk, syenittporfyr

Granitt, bl.a. Drammensgranitt (biotittgranitt) og Ekeritt
(alkaligranitt). Bade grov-, middels- og finkornige typer

Perm

Syenitter, bl.a. it itt m.fl. D
av syenittisk sammensetning. Syenitter ogsa i kalderaenes
ringganger

itt g sy bl.a. Larvikitt, Kjelsasitt, Akeritt.
Bade grove-, middels- og finkornige typer. Tilfarselsror for
en vulkan i Ullernasen

Besrum-k., Nittedal-k. Tallrike eruptivganger i hele omrédet

Innenfor kartet finnes flere ringstrukturer, bl.a.tre eroderte
kalderaer som skjesrer bergarter av ullk alder: Drammen-k.,

=3
SE og i veksling.
5 E bergarter underst og mellom mange av stremmene
Sandstein. Rod eller gra-hvit, opprinnelig avsatt som sand i -
brakkvann / ferskvann 5
Q) S8
Ry
S =%
\ . Kalkstein er det mest av i disse havavsatte siluriske sedi- 2
D mentene. Ofte som knollekalk. Skifer med mange kalklag er S% =
ogs vanlig 532
+ 238
@stmarka + §  Kalkstein og leirskifer, lagvis blandet. Knollekalk, Sow
l:‘ 83 kalksandstein og konglomerat. Omrader hvor alder er usikker ~ § § <
Q'S (ordovicium el. silur?) p.g.a. kontaktmetamorfose er merket M 3 é
43
T A _ £
'E £ Leirskifer, mest mark. Alunskifer, svart, karbonholdig. E E 3
S S Konglomerat pa grensen til grunnfjellet under g83
=
i e
Granitt, rik pa kalifeltspat. Ofte grovkornet, og med "ayne” av S®
Kolbotn feltspat. Stedvis oyegneis Es
58
; g5
1:] £ Granit, rik pa plagioklas-feltspat: tonalitt. Svakt RN
2 Viser stedvis tegn til oppsmelting (migmatitt) ;’: '-“Ei
Q os
5 335
§ Gneiser, biotittrike, markegra, ofte sliret. Opprinnelig dypberg- 583
o arten granitt. Sterkt deformert % 5
2E B
82
Gneiser, gjerne lyse og bandete. Opprinnelig overflateavsatte 08
|:| dannelser av sedimentaer og vulkansk opprinnelse, mest SE 3
L sandstein og rhyolitt. Deformert ~E>
ﬂ' Opphuvon amestd Kartet or sammenstillot ved
Topografiske kart og v b
forskjellige geologiske U-b dde | ‘Gl Bﬁﬁfmi'f:“g:omum'
malastol A
1:50 000 som dekker ( (
omréadet.
i m’gr"& N );anel er bekostet preesy
men | Dmbak | SW ydro
HYDRO
10
VetteVitenas L
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GEL2150
Field course and
methodology in geology
and geophysics

Stratigraphic logging
Identification of seismic
boundaries

Scale: 1:15000
UTM Zone 32
Datum: ED50



Exercise

Make a stratigraphic log, emphasize seismic
units/sequences

Create NW-SE profile

Calculate thickness of the stratigraphic column using
profile

Convert stratigraphic column to synthetic seismic trace
(so you need velocity and density estimates of the
lithologies present - literature)

Correlate your seismic trace with seismic from the
Skagerrak

Interprete OG-7 using what you have learned during this
exercise



Report

Introduction
— Shortly about the approach to the problem
— Figures: Location of the research area
Geological Framework
— Short introduction to the geology of the Oslo Region
— Figures: Map
Procedure
— What did you do to get the results
— Figures: up to you
Results and discussion
— Compare the field results with the seismic from the Skagerrak
— Figures: stratigraphical column, "synthetic seismogram”, interpretation of seismic.
Conclusions
— Main results — what have | learnt....?
References
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