“0% TECHNISCHE UNIVERSITAT EGU2020-8538 Display

ﬁ BERGAKADEMIE FREIBERG
Q‘ The University of Resources. Since 1765

using an extended 3D VSP survey

Lay, V.!, Buske, S.', Bodenburg, S.B.", Kleine, F.", Townend, J.?, Kellett, R.>, Savage, M.?, Schmitt, D.R.*,
Constantinou, A.°, Eccles, J.%, Lawton, D.’, Hall, K.”, Bertram, M.”, Gorman, A.%, Kofman, R®

1) TU Bergakademie Freiberg, Germany, 2) Victoria University Wellington, New Zealand, 3) GNS Science, New Zealand,
4) Purdue University, United States 5) Schlumberger Riboud Product Centre, France, 6) University of Auckland, New Zealand,
7) University of Calgary, Canada 8) Otago University, New Zealand 9) University of Alberta, Canada

Acknowledgements: We thank the field crew consisting of students and stuff from all partners. Funding was provided by all partners and DFG
(BU1364/14-1). Additional instruments were provided by the Geophysical Instruments Pool Potsdam.



GAK
x
2
Q
= X
= *
S
EFIpe

%

ETNE

Overview

10
o

Ik

Motivation

* The Alpine Faultin New |
Zealand is a major plate
boundary that is late in " §
its earthquake cycle.

* The ICDP drilling DFDP -
project analyses the
fault zone at depth.

Main Goals — Seismic data handling

* Detailed P-wave velocity model in 3D

* Detailed 3D seismic images (in progress
for various subsets of the data set)

* Compare conventional and fibre-optic
recordings in the borehole (in progress)

Main Goals - Interpretation \l
* Understand structures previously
obscured in 2D seismic data — 3D effect
* Understand glacial valley structures of the
Whataora Valley (particularly the shape of
the basement) \1
* Image Alpine Fault structures and relate
to local tectonics (in progress)

Data Set

A combined surface and borehole seismic data set was recorded in 2016 with diverse
seismic equipment within the Whataroa Valley where the DFDP-2B borehole is located.
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Survey equipment and setup

Source: vibrator

Receivers in the borehole

- 3C borehole tool (< 400 m)

- hDVS (DAS-type; fibre-optic
cable < 893 m)

Receivers at the surface
- 412 x 1C geophones (V)
- 160 x 3C geophones (#kY))

Experiments

Zero-Offset VSP (@)
VSP1: multiazimuth source lines
sparse 3C coverage (i %)
VSP2: dense 3C coverage
71 source locations (V %)
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Constantinou et al., 2016
Lay et al., 2020
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Lay et al. (2020)

3D structures of old glacial valley

*  Sediment layer thicker in the
central valley

*  Steep western valley flank

. Previous 2D seismic data was
influenced by out-of-plane signals

. Basement topography

*  Correlation with surface
topography and borehole results

. Possibly Alpine Fault related
structures *."_ " "

Y f ( 1200 800 400 O
3000 X [m] 4000 5000 0

* 3D P-wave velocity model from first-arrival travel time
tomography using surface and borehole recordings

+  Sediment layer vp=2200 + 400 m/s; 150-460 m thick

«  Schist basement vp=4200 + 500 m/s
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. Correlation of P-wave velocities with borehole geology
*  Consistent P-wave velocities along the borehole
*  Good correlation between 3C borehole tool and DAS recording

* 2D FD elastic wavefield modelling of a steep valley flank within the DFDP-2B
borehole explains arrivals observed in real data with a reflected upgoing P-wave and
a converted downgoing S-wave.
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*  Top of the basement correlates well with results

valley flank
from the velocity model along valley \ across valley
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