Faulting within the Hamilton Basin:
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Since 2015

Continued reviewing existing data

» Gravity, seismic & drill surveys for ail,
gas & coal

Undertook CHIRP seismic reflection
survey & mapped geology along
Waikato River

Excavations for Waikato Expressway
have exposed more faults for
measurement & analysis

Started electrical resistivity surveys to
locate sites for trenching

Undertook coring of peat lakes with CT
scanning of recover cores

This presentation is an overview of the
results of this work

SCIENCE & ENGINEERING
TE MATAURANGA PUTAIAO ME TE PUKAHA

THE UNIVERSITY OF

' WAIKATO

Te Whare Wananga o Waikato




Basin structure

« Junction Magnetic Anomaly (JMA)
» Parallels suture between basement

terranes

« Waipa Fault lies along JMA
* Long history of movement

*  Major north-south trendinﬂldiscontinuity

following key structure of

orth Island

« Hakarimata-Taupiri block on “wrong”

side of anomaly

Displaced eastward or rotated?

Southern margin of Hakarimata Ranges
marked by inferred Taupiri Fault

Forms northern margin of basin

Linked to faulting pattern in basin
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Defining
structures

Geology includes:
+ Basement (blue) to west, north & east
* Young sediments (yellows) infilling basin
*  Alluvial fan surrounding older sediments
* Older Pliocene sediments on eastern side
* Volcanics to southwest, south & east (red)

Structures:

* N-S faults along west and north margins

*  Multiple W-E faults in Tertiary rocks (Te Kuiti
Group) on margins of basin

*  Northern faults may extend down eastern
margin of basin.

3 margins (N-E-W) of basin associated with
deep faults providing release surfaces

Southern margin more uncertain

Inferred Faults (this study) [ |Main area NZL_250K Walkato_Faults  NZL_250K_Waikato_unitsCopy High : 135.688
e Taupirir Fault Hamilton City Boundary ~— accurate [77] Holocene swamp deposits
== Waipa / Wilton === approximate [ Holocene river deposits Low : 9.45187
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Interpretation of old seismics === inferred l:l Middle Pleistocene river deposits
O line 2
O line 16 [ Early Pleistocene river deposits
D Neogene sedimentary rocks
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Gravity anomaly

« Significant negative gravity
anomaly underlying
northern basin

 Implies thick infill of low
density rocks / sediments
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Figure 6.1.  Northern Hamilton Basin with bordering basement hills (shaded), major faults and the locations of 7 &
petroleum exploration wells. Approximate structure contours on basement (metres below sea level) show /*
westward deepening towards Waipa and Taupiri faults. A

* CHIRP seismic reflection
profile along Waikato
River identified ~26
targets as faults or fault
zones

 These data were
combined with MBES,
sidescan sonar & LIiDAR
to assess if the seismic
interpretation was valid
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Two-way travel time (ms)

Taupiri Fault

« Known major boundary fault zone
flanking Hakirimata Ranges

» We hoped to find a fault at this location

if CHIRP methodology worked AT,
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Mystery Creek

» Qutcrop of basement
greywacke suggested
possible faulting

* CHIRP located 2 faults
downstream of greywacke

« MBES data revealed “Scour
hole” & rock outcrop in river
bed
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Existing seismic

data

* Old seismic lines run
in 1960s and 1970s
for oil & gas

exploration

« Some test wells drilled

 We have focused on
Lines 2 and 16 that
tend to flank Waikato

River

Inferred Fauits (this study) Main area
Taupirir Fault Hamilton City Boundary
Waipa / Wilton
new inferred
Interpretation of old seismics
O line2
O line 16

Y seismic locations
* On-land locations

Seismic lines _Liles
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l_‘ Holocene swamp deposits

[ ] Holocene river deposits

|_[ Late Pleistocene river deposits
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Line 2 - original

* These lines are available as high-resolution tiff images of
original data.

« They are not high-quality processed files.
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!.me 2 - ‘B WATKATO
interpreted

These lines are available as high-resolution tiff images of
original data.

They are not give high-quality processed files.

However, if you stare at them long enough can interpret
structure.

Have a borehole that allows calibration of two key levels:
» bottom of Tauranga Group sediments
 top of basement greywacke
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* The Tauranga Group shows as flat-lying basin infill in
many areas, but is horribly distorted in others.

* There are big chunks where cannot see much as
traces unreadable.

* Can see:
* numerous steeply-dipping normal faults
 two different orientations
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» Ground surface profile aligned on top:
» note considerably greater vertical exaggeration

 See considerable agreement between faults and
surface geomorphology:
e faults coincide with hills
* river nestles against faulted zone

« even many small lumps and bumps in surface reflect
underlying faults
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« Adding in gravity (colour band) allows rough
basement profile to be extended from identifiable
points.

« basement dips down from north to deepest point
below north Hamilton

* rises steadily towards south (about 3°) slope
« thin or non-existent Tertiary rocks to south
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* Line of poorer quality — zones unreadable

« See similar series of faults, also closely related to
geomorphology

* More suggest reverse fault (compressional)
movement.
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e Geological mapping alon
rlverbag nks frorre I?\la%rows %o Horotiu.

. Surprlsmgliédlfﬂcult. Still work in
ress - Francesca making thin
sec ions to confirm identifications.

* One definite fault identified (Stubbs
Road).

 Others inferred from geology.
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Overall faults

 Building up different
lines of evidence allows
idea of fault patterns.

* Have shortened to
where data actually is,
though fully expect
many (most) to run right
across.

* Colours indicate
confidence (yellow
highest).

erred Faults (t y) [ Jmain Walka NZL_250K ) unitsCol g 88 N
raupirir Fault Hamil . e - Holoce: deposit: l
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Overall faults

 Building up different
lines of evidence allows
idea of fault patterns.

* Have shortened to
where data actually is,
though fully expect
many (most) to run right
across.

e Colours indicate
confidence (yellow
highest).
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Overall faults

 Building up different
lines of evidence allows
idea of fault patterns.

* Have shortened to
where data actually is,
though fully expect
many (most) to run right
across.

* Colours indicate
confidence (yellow
highest).
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Hill morphology

Many hills show steep
ls\ll\(?\;/)e to SE, gentler to

 More dissected to NW
Fits listric model
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Line 2 - WAIKATO
interpreted

* Infer a series of listric normal faults dipping south

 Numerous smaller faults in half-grabens between
listric faults:
 both synthetic and antithetic faults
« form small horst and graben structures

olocene |River | Zoo | Templeview
e

| Osborne Road Fault | Rototuna Fault




Tectonics

Strike-slip Waipa Fault to west,
though seems to have dip-slip
motion through Walikato

Hakarimata Range displaced to
north

Eastern boundary ?, but have
opening of Hauraki Graben
further east

Accommodation zone between
different movements?

Largely extensional, though
more reverse faults in east,
hence compression against
basement ridge?

Faulting more intense in
Inorthern basin over basement
OW.

Southern margin difficult ...
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GIBA ET AL.: TARANAKI BASIN EVOLUTION

A
VMFZ
A

Taranaki
“foreland”
Basin

Alpine Fault

[A] 20ma *

! Basin

Forearc

Taranaki Y

Basin \w

Rotation — ¢’
axis

Chatham Rise

200 km
[T

-
A2mm/y*

) 200 km
Chatham Rise | I S




Detailed sites

« Examining specific
sites gives information
on timing.

* \We will consider:
1. Kay Road
2. Stubbs Road
3. Osborne Road
4. University / Ruakura

4 \
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e s Kilometers|




ER ‘ THE UNIVERSITY OF

" WAIKATO

K ay R D a d S v Te Whare Wananga o Waikato

« Complex fault zone

» Mostly steeply dipping normal faults.

« Some lower angle (thrusts?)

» Greater than 5 m throw on individual faults
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» Key point is that Rangitawa Tephra (lowest layer
of Hamilton Ashes) is undisturbed.

 This layer is ~350,000 years, indicating that
these faults are inactive in terms of NZ definition.
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Stubbs Rd

« Scour hole within river with
offset scarp
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A Angular Concave

Stubbs Rd

Inconsistent terraces flanking
river

Abandoned river channel(s) &
impoundment?

LIiDAR & resistivity survey of
terraces indicate faulting

Fault identified in riverbank
mapping

~— Angular Convex
e Cifls

=== Concave

rrerrr Breaks of Slopes.
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¥| o-e- RounaRide Crest
3¢ Round Valley Axis
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Two-way travel time (ms)

Osborne Rd

» Displacement of river bed at 2

locations associated with “scour” holes

» Associated with possible fault trace

South

across Hinuera surface in LIDAR

~186 m

vy

North




Osborne Road B, WAIKATO

;  Te Whare Wananga o Waikato
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Osborne Rd located on upthrown side of fault

Legend
o Fault traces
- High : 64.7908
- Low:9.12676

Northern cross-section
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3D resistivity

» Appears to be
a small fault
that displaces
16 ka Hinuera
Surface.

* Possible
location for

trenching.
Resistivity (Ohm-m)
69. 218. 692. 2195. 6961.
| D |
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Two-way travel time (ms)

University / Ruakura

« Multiple faults evident within river bed
near Hammond Park

 Abandoned river channel on left bank
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distance (m)
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University /
Ruakura

depth (m)
= wn

o=t
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« Have CPT and resistivity °
data from Inland Port.

 CPT traces correlate with
resistivity

ditance m) ’ Ohm-m
09114

7130
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3D resistivity

* 3D reconstruction shows fault within Hinuera
sediments

Resistivity (Ohm-m)

12. 50. 209. 881. 37
I 0 T eea——



University

University /
Ruakura

Vertically exaggerated
LiDAR image looking
south

f

« Can trace a possible fault zone through
geomorphology.

* Needs ground truth to be sure.
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Volcanic fiel

« Small volcanic field
recognised on maps in

1960s.
e Removed from more
recent maps, but

resent in:
« Geomorphology

« Aeromagnetics
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Volcanic field

 Small volcanic field
recognised on maps in
1960s.

« Removed from more
recent maps, but
present in:

« Geomorphology
« Aeromagnetics

* Age”? —

Koramatua



Tephra seismites

* Seismites were
identified in old
cores from peat
lakes.

« Some lakes have
been recored
and cores
scanned by CT
and micro-CT
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Spatial pattern of tephra
seismites and ages

B Mamaku tephra
after 8.0 cal ka

@ Waiohau tephra
after 14.0 cal ka

& Rotorua tephra
after 15.6 cal ka
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Tephra
seismites

« CT & micro-CT can
identify seismites
may provide dates for
the events causing

liguefaction

Top Rotokauri.core uCT

Org sediment

Injectite

Images courtesy R. Johnston
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Magnitude versus rupture length - Kerepehi Fault

o
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* Following methodol fP d et al (2016) f e
olowing methodology of Fersaud et a or R o
K h - F It t' t . = g _| Maximum offshore Hamilton Basin MCE
erepeni Fauli, we can estimate maximum
. .
earthquake (MCE) magnitude (M,,) & Modified
w < |
Mercalli (MM) shaking intensity i
- MCEM, =6.6 3
w " e 1 o°
« MCE maximum MM =9 to 10 w w w w w
10 20 30 40 50
« This is higher than expected MM intensity for Hamilton due to
. Subsurface rupture length (km)
an event on the Kerepehi Fault
* Current seismic risk for Hamilton Basin gives annual
probablhty Of 00025% for MM > 9 Modified Mercalli Intensity versus moment magnitude - New Zealand
Intensity CAP Modified Mercalli Level Description a
Severity
unnoticeable Minor MM 1 - imperceptible Barely sensed only by a very few people. e
MM 2 - scarcely felt Felt only by a few people at rest in houses or on upper floors. Hamilton Basin MC
[ weak MM 3 - ( weak Felt indoors as a light vibration. Hanging objects may swing slightly. o -
>
m MM 4 - ( light Generally noticed indoors, but not outside, as a moderate vibration or jolt. Light sleepers may be awakened. Walls may creak, and z’
glassware, crockery, doors or windows rattle. *g
o
m MM 5 - { moderate Generally felt outside and by almost everyone indoors. Most sleepers are awakened and a few people alarmed. Small objects are %
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= ~ A A A A
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© — A A A A
m Severe MM 7 - damaging General alarm. People experience difficulty standing. Furniture and appliances are shifted. Substantial damage to fragile or
unsecured objects. A few weak buildings are damaged.
Extreme MM 8 - ( heavily damaging Alarm may approach panic. A few buildings are damaged and some weak buildings are destroyed. o0 - A A A
MM - Some buildings are damaged and many weak buildings are destroyed.
MM 10 - Many buildings are damaged and most weak buildings are destroyed. f f f f !
5.0 55 6.0 6.5 7.0
MM 11 - Most buildings are damaged and many buildings are destroyed.
Mw

MM 12 - TP Al buildings are damaged and most buildings are destroyed. Symbols = estimated MM in Hamilton for Keripehi Fault events
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Summary

« Multiple fault zones
located within Hamilton
Basin

» Listric normal faulting

» Hamilton Hills interpreted &
as back-tilted blocks
bounded by faults

* Inferred maximum
earthquake
« M, =6.6
e MM=9-10
. On?oin projects to
better characterise ot |
freq Uency & mag n ItUde Waikato Expressway — Kay Rd cutting
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