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Project outline: Core-Log-Seismic Integration in a hard rock
environments using the ICDP drilling project COSC-1, Sweden
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Study area and motivation
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Motivation
Use seismic properties from core and
downhole data to better characterize
and eventually enhance the seismic
stratigraphy of the Lower Seve Nappe

Upper and Middle Allochthons Lower Allochthon, Parautochthon,
Autochthon

] Baltoscandian foreland basin & platform
Baltica basement (allochthonous &

I Kol Nappes (Laurentian fauna in uppermost nappe)
[ seve Nappe Complex (high grade) } Baltica

BB srv Nappes (dike swarms) outer autochthonous)
- Mylonitic granites & psammites margin
cosc g Complex along the COSC-1 borehole
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a [ Gneisses, mica schists, metapsammite, marble
4 Il Neoproterozoic sediment formations
¥ rh, W  silurian, Ordovician formations, Cambrian alum shales
= L — e y
5 Ax i - Late Palaeoproterocoic felsic volcanites

Regional setting and study area

(a) Tectonostratigraphic division of the central Scandinavian Caledonides [1,2]

(b) Bedrock map with location of the COSC-1 borehole (colors modified; SGU Map Service) [3]
(c) Seismic cross section indicated in (b) showing a highly reflective part of the COSC seismic profile [4,5]
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Core-log analyses of seismic properties at COSC-1
borehole, Sweden

Why seismic properties?
v Seismic velocities (vp) continuously available
throughout COSC-1 data sets
v' Controlling parameter in reflection seismic

Determine and characterize seismic
properties at core scale

Relate to “in situ” velocities using
pressurized core samples

Compare with downhole sonic and
borehole seismic (VSP*) velocities

GFZ * Vertical seismic profile
c HELMHOLTZ
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Background: COSC drilling project iCdp,'-\ ,S§dP

Scientific objectives [1,2]

COSC-1 COSC-2
Nappe emplacement & Character & age of deformation
2014 inner structure of upper, 2020 of underlying thrust sheets, o S
high-grade metamorphic main Caledonian décollement & Drill rig Riksriggen
allochthons Precambrian basement Photo © H. Lorenz (2014)
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Background: COSC-1 drill core

1400

Core lithological units Samples used in this study
* Wenning et al. (2016)
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Lithology [1] from on-site core description
mainly composed of:

» Para/Orthogneiss
» Mica schists
» Amphibolite / Am-rich rocks

Depth
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Cores stored at BGR 1000 JR
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Spandau (Germany) Ea
Core recovery ~100% 1200 FEEE
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- Metamorphic overprint
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Multi-Sensor Core Log P-wave velocities

Logging of the acoustic velocities using:

Piston transducers + acoustic roller
contact setup (250 kHz)

Real-time QC and automatic P-wave first-
arrival picking based on first zero-crossing
and threshold detection

Wetting of the core for proper coupling

Calibration using POM round cores

POM standards (1-Dec-2017) A ﬂ
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Core logged at BGR Core Repository Berlin-
Spandau (Germany) using a GEOTEK MSCL-S.
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Results: Seismic velocities at core scale

» Core Vp logged under laboratory
conditions at atmospheric pressure and
room temperature (21° C)

263.01m — Ll

Velocity Histogram

» Mean Vp appears relatively low Ej = vy o

Full core Vp corrected Vp (PTO_POM) | /’IIL;‘I}‘\
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Core-Log Vp comparison shows:

» High core Vp variability

> Low visual correlation

» Core Vp considerably lower than downhole
sonic and VSP (on avg.)

Depth (m)

» Certain intervals (e.g., 400-800 m, >2350 m)
show good agreement

MSCL core log

=== DoOwnhole sonic [1]

= \/ertical seismic profile [2]

GFZ ®
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Seismic properties at core scale  ETH...we GRPMLab
and under in situ conditions

»

Laboratory measurements:

- Ultrasonic Vp and Vs at pressure

wo 0¢-ST

Core sample "

up to 250 MPa (at room temp.)

<

- 3 mutually perpendicular plugs

drilled along major structural axes : -
piezoelectric

(foliation and lineation)* y g transducers
- In total 16 samples measured
- 10 samples: Kastner et al. (2020)
- 6 samples: Wenning et al. (2016)

Measured at the Rock Physics and Mechanics Laboratory, ETH Zurich

GFZ * not necessarily coaxial with core axis @' HELMHOLTZ
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High-quality P-wave (and S-wave) laboratory seismic data

P waves S waves
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Background: Velocity-pressure relation

Non-linear (low
pressure) behavior
due to closure of

Quasi-linear (high
pressure) behavior due to

2 microcracks and crystal lattice contraction 4
voids
3 4
= ( \:
> . 1 |
'S v |2 : :
S 2 : :
Qo iy 1 1
> = | :
< yt X
Lo )
1
Core
Pressure
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Laboratory seismic properties: data example*

Vp (km/s)

Observations:

O Overall strong seismic
anisotropy (AVp)

O Transversely isotropic

O Low crack-related
anisotropy

Laboratory data example (Sample 569-2)
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Results: Mean intrinsic P-wave velocity and anisotropy

Mean intrinsic P-wave velocity and anisotropy show characteristic behavior at depth and can be related
to different lithologies.

Mean intrinsic velocity

72 30 P-wave anisotropy
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“Simulation” of seismic velocities at different ambient
pressure conditions

Rock matrix

N = \/p o
0 >
[ | . | . o~
Core Log Seismic *5
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ex situ quasi in situ in situ g
(sub)horizontal to foliation (sub)vertical to foliation (sub)vertical to foliation
strongly disturbed slightly disturbed undisturbed b 3
scale: 10" m scale: 1m scale: 10 m Vpo

crack-related ® Measured
X Calculated
Vp ’ -=== Vp(p) = Vpg + dVp/dp
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0 Pressure, p
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pressure
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Smoothed core and log seismic properties along
the COSC-1 borehole

0 Core Log VSP Anisotropy
Q Core, downhole sonic (Log), and borehole o VpAP I
seismic (VSP) velocities show strong 2007 d AVp unknown
variations among each data set and at 400 1 1 e
depths. 600 - . AV,
mafic bands
O Good correlation was found for mafic 0 Ml
(amphibolite/metagabbro) units throughout 9007
il
all data sets. £ 1200 e
aa elsiC gneiss
. . o . 3 1400
O Anincrease in seismic anisotropy (up to
26 %) can be attributed to mica schists WO e | Toae ) T &L | I | T
dominated below about 1.6 km. 1800 1 o v
L. . . A . 2000 4 mica schists
O Characteristic seismic zones are indicated
2200 4
by the shaded areas. foooooone
24001 i i m:t:;alr?dsto:es
* The plotted velocity data were smoothed with a 30 m 3 2 5 6 & G 7 . : 7 0 10152025
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Challenges

: :--| Core velocities alone may not be representative for in situ seismic
properties as influenced by metamorphic foliation and microcracks

z Very complex geology and core lithology are hardly displayed in core
di 4l / and downhole trends except for mafic lithologies

Seismic profiles are likely affected by relatively high seismic anisotropy

(GHOoN
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Outlook

Ongoing and future investigations:

O Effects of composition and structure on the measured seismic anisotropy with focus on
sample mineralogy and petrography and use of complementary structural analysis using
EBSD (Kastner et al., in preparation)

O Core-log-seismic integration in metamorphic rocks and its implications for the regional
geology (Elger et al., in preparation)

O Seismic stratigraphy and re-interpretation (+sensitivity analysis) of the highly reflective
Lower Seve Nappe based on core, log, and laboratory investigations and limited 3D seismic
data
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