Ancient discovery

Dinosaur footprints
found in Nelson

In late 2009, GNS Science gained international media attention with news
that one of our scientists had discovered 70 million-year-old dinosaur

footprints in northwest Nelson.

The footprints occur in soft sandstone over a coastal area about
10km-long. In one area there are up to 20 footprints. The prints
are the first evidence of dinosaurs in the South Island and the
first dinosaur footprints to be recognised in New Zealand.

Dr. Greg Browne found the footprints while investigating rock
and sediment formations. They are likely to have been formed
by sauropods, large plant-eating dinosaurs with long necks and
tails and pillar-like legs. The footprints were made in ancient
beach sands and were probably quickly covered and preserved
by mud from subsequent tides.

Dinosaur footprints in sandstone northwest of
Nelson prior to silicon molds being taken.

“What makes this discovery special is the unique preservation
of the footprints in an environment where they could easily have
been destroyed by waves, tides, or wind,” Dr. Browne says.

The depressions are roughly circular, with the largest about
60cm in diameter. Most are smaller — between 10 and 20cm in
diameter and were probably formed by dinosaurs between 2m
and 6m in length and weighing several tonnes.

While paleontologists know that dinosaurs were present in
ancient New Zealand, which they refer to as Zealandia, the
record of their presence is very sketchy. Dinosaur bones, mostly
vertebrae, have been found at only three locations — northern
Hawke’s Bay, Port Waikato, and the Chatham Islands.

Dr. Browne said the footprints had provided valuable information
about how these dinosaurs moved, how fast they travelled, how
big they were as well as how soft the sediment was when they
moved through the area. Silicon molds of four of the footprints
are held at GNS Science.

As with much of New Zealand, northwest Nelson was largely
submerged under the sea between 55 and 15 million years ago
and the footprints would have been covered by hundreds of
metres of marine sediments.

Then with the development of the ‘modern plate boundary’,
New Zealand was uplifted and northwest Nelson emerged from
the sea. During the past 15 million years, the overlying sedimentary
rock has been eroded away to expose the footprints again.
Dr. Browne’s discovery was published in the December 2009
issue of the New Zealand Journal of Geology & Geophysics.

Contact: Greg Browne
GNS Science, Lower Hutt
g.browne@gns.cri.nz
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Seismic software
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Known as GLOBE Claritas™, it is a powerful, flexible, fuI
featured seismic processing software that co
industry giants in all corners of the world. Thesintel
recognition of Claritas has grown sharply ov
years, and it is used at over 70 sites around the

ility of the Claritas system
h research institutes. Claritas has
ake by the European academic's
ites in Spain, Britain, Germany, Poland, Slovakia
and Sweden. In addition, Claritas has recently been licensed
to Karlsruhe Institute of Technology in Germany, and Leeds
iversity, Liverpool University, and Imperial College London.
iversities are using Claritas extensively for teaching

Ity, which is helping to drive the software development
rd. It also means that large numbers of highly trained
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acubowicz says two of his students use Claritas
research projects. One project relates to a Saudi
he other to a geothermal energy development
‘the United States.

“ &

s the user-friendliness of Claritas means that students
take quickly to it enabling them to spend most of their time
learning about geophysics, rather than the software package
and system issues.

“The interface makes it easy to interact with data, particularly
for quality control and velocity analysis. From a teacher’s
perspective, the fact that there are almost no bugs, is also a
big bonus.

“Any problems we have had have been relatively small, and
quickly resolved.” Claritas also fits neatly with Imperial College’s
IT infrastructure. Processing is done on a Linux system that is
hosted on two eight-core CPU’s, and students access the
package on the department’s Windows PC’s.

Claritas presently holds 5-10 percent of the global market for
seismic processing software used by the oil and gas exploration
industry. This figure is expected to continue growing.

To find out more about GLOBE Claritas™, visit:
www.globeclaritas.com.

ntact: David Darby
GNS Science, Lower Hutt
id.darby@gns.cri.nz
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New accelerator a
vital asset for
New Zealand science

GNS Science’s $3.4 million replacement accelerator mass spectrometer
(AMS), the only one of its type in the Southern Hemisphere, underlines
our strength as the operator of one of the world’s leading radiocarbon

dating laboratories.

The new facility, the latest generation of compact accelerator,
forms the backbone of the Rafter Radiocarbon Laboratory at our
National Isotope Centre in Lower Hutt. It measures ultra-low
concentrations of the isotopes carbon-14, beryllium-10, and
aluminium-26. The majority of its work is carbon-14 measurement
applied to antiquities dating, archaeology, and geosciences. It
also underpins our research activities in using radiocarbon as a
tracer for greenhouse gas dynamics.

Measurement of the cosmogenic isotope aluminium-26 is used
to determine timing of glaciations, lava flows, tectonic uplift, and
meteorite impacts dating back several million years. Beryllium-10
measurement is used in Antarctic and ocean research, and to
study ferromanganese nodules on the seafloor. The new AMS
facility will help to ensure the growth in research and commercial
activity in all three isotope measurement areas.

The accelerator was built by the National Electrostatics Corporation
(NEC) and was installed and commissioned during the first four
months of 2010. It is simpler and faster to operate than the 50 year-
old tandem Van de Graaff particle accelerator it has replaced. As
well as enabling higher throughput, it will provide very high-precision
measurements on a consistent basis.

The Rafter Radiocarbon Laboratory in NIC is the oldest continually
operating radiocarbon dating laboratory in the world. It provides
an important platform for the research activities at our National
Isotope Centre. Since opening in 1953, the Laboratory has built
an international reputation for the quality of its work. It dates
between 2000 and 3000 samples annually for clients in
New Zealand and overseas.

Applications of carbon-14 dating include dating antiquities,
atmospheric studies, archaeology, climate research, oceanography,
geology, earthquake and volcano research, marine biology, and
studying the dynamics of carbon in the environment.

There are currently 50 radiocarbon laboratories in the world, with
28 having AMS facilities. The Rafter Radiocarbon Laboratory is
recognised as a part of the worldwide network of AMS laboratories,
specialising in carbon-14 analyses.

Rafter Radiocarbon Laboratory provides an exceptionally high
level of customer service. This includes regular contact with
clients through the stages of the dating process, and fast
turnaround times compared to many laboratories. Typically the
Laboratory delivers results to clients within eight weeks, compared
to the industry average of about four months.

Another feature of Rafter Radiocarbon Laboratory is its continual
quest to find efficiency gains without compromising precision or
quality service. The Laboratory has also earned a reputation for
dealing successfully with difficult dating assignments.

There is more information on the Rafter Radiocarbon Laboratory
at the link below:
http://www.gns.cri.nz/nic/rafterradiocarbon

Contact: Mike Sim
GNS Science, Lower Hutt
m.sim@gns.cri.nz




On 19 May 2010 the Minister of Research Science and Technology, the Hon Dr.
Wayne Mapp, officially opened the new accelerator mass spectrometry facility at
our National Isotope Centre. In his opening remarks, Dr. Mapp observed that GNS
Science’s strong balance sheet had enabled us to make the $3.4 million investment
entirely out of our own funds. Following the opening, the facility ran its first radiocarbon
samples at a rate that was four times faster than the previous facility. The results
were reported with an uncertainty of 15 to 25 years, compared to 30 to 50 years

available previously. This impressive achievement puts the Rafter Radiocarbon, -

Laboratory on a par with the world’s best radiocarbon dating facilities.
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Vanuatu volcano

Expert advice on
Vanuatu volcano

GNS Science volcanologists have visited Vanuatu twice in the past six
months, at the request of the Vanuatu government, to provide advice
about an erupting volcano on the remote northern island of Gaua. Brad
Scott, Art Jolly, Steve Sherburn and Gill Jolly installed earthquake
recorders on the volcano and gave advice to local volcanologists and
government officials. With colleagues from Vanuatu, they also helped
monitor the volcano and briefed Gaua residents on the eruption.

Mount Garet on Gaua, a 20km diameter island 400km north of
the capital Port Vila, started erupting in September 2009, and by
late November there were signs that eruptions might become
larger and more explosive. Because of its remoteness and the
vulnerability of its population of about 3000 to volcanic ash, the
Vanuatu government decided immediate action was needed. The
main concerns are volcanic ash contaminating water supplies
and anxiety caused by the erratic behaviour of the volcano.




Vanuatu Geohazards Unit staff member Jimmy Loic checking one of the GNS Science seismic stations installed on Gaua

The volcano has been erupting mostly steam and fine ash.
However, in early 2010 several more explosive eruptions threw
scoria bombs up to 2km from the crater. The ash has been
falling mostly on villages and fields west and northwest of the
volcano, and more than 200 people living in those areas have
been relocated.

Based on their observations and the recent history of eruptions
on Gaua, volcanologists from GNS Science and Vanuatu concluded
that the eruptive activity is most likely to continue for some months
at a level similar to that seen so far. The New Zealand government’s
international aid and development agency, NZAID, has funded
the visits by GNS Science. NZAID has subsequently asked
GNS Sgience to provide the Vanuatu government with three
seism@gkaphs and to train local staff in their use, and in data
analysis and interpretation.

Contact: Steve Sherburn
GNS Science, Wairakei
s.sherburn@gns.cri.nz
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Northland bounty

Positive signs for
Reinga Basin

Seismic and satellite data show that the Reinga Basin, off the northwest
coast of the North Island, is one of the most prospective frontier basins in

the New Zealand region.

The information is contained in a GNS Science report which was
commissioned by the Crown Minerals division of the Ministry of
Economic Development. The analysis is based partly on 5000km
of high quality two-dimensional seismic reflection data acquired
in 2009 by Crown Minerals in partnership with petroleum services
company CGGVeritas.

Other components in the investigation were satellite data of sea

surface slicks and knowledge of the geology in the adjacent
Northland and Taranaki Basins.

-

Topological-3D image of the Reinga Basin seismic zone (pink)

The analysis shows that Reinga Basin contains potentially
oil-bearing sedimentary rocks that are up to 7km thick and it has
all the elements needed for a working petroleum system. Its rock
sequences are similar to those in the Taranaki Basin.

Lead author of the report, Vaughan Stagpoole, said a
reconnaissance seismic survey in the 1990s indicated the area
was potentially prospective for oil and gas. This prompted a follow-
up seismic survey in 2009 done to oil industry standards.




“When we examined the 2009 seismic data, there was clear evidence
of petroleum expulsion zones, which means there is an active
petroleum system in the basin,” Dr. Stagpoole said.

The geology in the 150,000sgkm Reinga Basin is less complex
than the adjacent Northland Basin, making it more attractive to
explore. However, it is further from land and in slightly deeper
water — typically between 1700m and 2000m - which can be a
challenge for explorers.

Early in 2010 the government opened bidding for blocks in the
Reinga Basin. Crown Minerals is offering 105,230km? over the
basin in six blocks. The blocks offer will close in August, at the
same time as a blocks offer closes for the adjacent Northland
Basin. Permit-holders are likely to be announced in late 2010.

The Reinga Basin prospectivity report, the latest in series of such
reports on New Zealand frontier basins prepared by GNS Science,
is being used by Crown Minerals to help promote Reinga Basin
to exploration companies internationally.

The report is available on the Crown Minerals website:
http://www.crownminerals.govt.nz/cms/petroleum/
blocks-offers

Contact: Vaughan Stagpoole
GNS Science, Lower Hutt
v.stagpoole@gns.cri.nz

“When we examined the 2009
seismic data, there was clear
evidence of petroleum expulsion
zones, which means there is an
active petroleum system in the basin”
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Inside knowledge

Geo-forensics - detecting
environmental fraud

The GNS Science Stable Isotope Laboratory at the National Isotope Centre
is branching into a new science niche by transforming isotope capabilities
that were established mainly for geological and ecological studies, into
novel areas of forensic research and commercial applications.

Using stable isotopes, Karyne Rogers analyses
a range of organic and conventional eggs from
New Zealand and the Netherlands as part of

a larger egg authentication programme being
undertaken by GNS Science and the Institute of
Food Safety (RILKERT), Wageningen University.

Geo-forensics is the science of determining geographical origin,
provenance, transfer or environmental fate of compounds in food,
ecology and the environment. Currently Dr. Karyne Rogers is
investigating authenticity and origin of foods and natural products
such as eggs, juice, honey, fruit, meat, water and vegetables, by
examining the relationships of their isotopic “fingerprints” to
geological and hydrological processes in the environment.

Dr. Rogers is working on authenticating high-value products such
as organic foods that sell at a premium and also on products
where the label “Made in New Zealand” is a critical factor in
marketing, particularly in export markets.

The stable isotope “fingerprint” of a product is determined from
the water and environment as it grows. For example, using the
stable isotopes of water (hydrogen and oxygen) found within
products, we can establish a relationship between the product
and a geographical region. Nitrogen and sulphur isotopes provide
information on unique local factors such as the earth it was
growing in, (fertilisers, bacteria and organic matter) and air masses
(whether the product originates from coastal, inland or volcanic
regions). In addition, carbon isotopes can be used to determine
dietary relationships such as feeding methods on farms.

Recent published work by Dr. Rogers has shown it is possible
to distinguish between eggs from different farming regimes such
as caged or barn eggs, and free range and organic eggs.

Isotope applications in the geo-forensics area are generally a
modification of existing protocols and can be developed according
to demand. This area of development is raising a considerable
amount of interest as consumers, authorities and producers alike
demand verification that they are actually getting what is being
marketed. There is also a growing emphasis on labelling controls
and fair trade.

Contact: Karyne Rogers
GNS Science, Lower Hutt
k.rogers@gns.cri.nz



Is this egg organic? Isotopes can indicate whether
the hen is eating organically produced feed.
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Ground truthing the
tsunami models

Tsunami watch
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Tsunami specialists Gegar Prasetya (left), Xiaoming Wang and William Power with a
tsunami propagation forecast model for the Chilean Tsunami of February 2010.
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Our tsunami modellers played a
pivotal role in getting prompt and
accurate information to civil
defence officials on the threat
posed by the incoming tsunami
generated by the magnitude 8.8
earthquake in Chile on 27
February 2010.

Immediately after the earthquake, tsunami specialists William
Power, Gegar Prasetya, and Xiaoming Wang used computer
modelling to estimate when and how New Zealand would be
impacted by the tsunami travelling across the Pacific Ocean.

The trio have 194 pre-computed models for tsunami generated
around the Pacific Rim. When a distant earthquake occurs, they
select the scenarios that most closely match the magnitude and
location of the actual earthquake, and they use these to estimate
the threat to the New Zealand coast.

Their best-fit precalculated model gave a rapid estimate of the
tsunami threat to different parts of the New Zealand coast.
They began refining this model as updated information on the
earthquake became available from the US Geological Survey.
They kept in contact with Civil Defence officials in the Beehive
basement by phone and email throughout this process.

An early test of their model occurred when the first tsunami wave
reached a deep-sea ‘DART buoy’ in the Pacific Ocean west of
Chile, three hours after the earthquake. This largely confirmed
their initial estimates of the wave size and enabled them to refine
their model of coastal impacts for New Zealand.

Tide gauge measurements made as the wave reached islands
in French Polynesia provided further anchor points for their
model. In addition, the first half dozen aftershocks provided
valuable additional information on the size and orientation of
the earthquake rupture on the seafloor. The aftershocks enabled
seismologists to calculate that 420km of seafloor had ruptured
with an average vertical displacement of 9.5m.

A final confirmation of their calculations came when the first wave
reached the Chatham Islands where it was measured by a recently
installed tsunami gauge operated by the GeoNet project.

Information from historical tsunami was also important. A trans-
Pacific tsunami in 1877 generated by an earthquake on the
Chilean coast produced surges lasting about 24 hours in New
Zealand. In 1877, the largest surges occurred between 6 and
12 hours after the first wave arrived. Our scientists alerted civil
defence officials that there was a high probability of a repeat
performance and this enabled them to issue warnings to the
public of prolonged and elevated surge activity.

Arrival times, surge heights and surge durations vary considerably
around the New Zealand coastline. This is due to bathymetry (the
shape of the seafloor) and, in the case of the Chilean tsunami,
reflections from Pacific islands, particularly French Polynesia.
Reflected waves from the Chilean tsunami arrived in New Zealand
later than the direct waves, and often combined to form large
and disturbed surge activity which lasted for more than 24 hours
after the arrival of the first waves at some locations.

Contact: Nora Gale

GNS Science, Lower Hutt
n.gale@gns.cri.nz
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Geology summer school
rates highly with kids
and parents

Discover Ancient Worlds

In January 2010 GNS Science, with support from Victoria University and
Capital-E, ran a week-long summer programme in geology for school
students to coincide with the visit to Wellington of the seafloor-drilling
ship JOIDES Resolution. The course, called Discover Ancient Worlds,
attracted 21 budding scientists from the Wellington region, between the
ages of 12 and 16.
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The programme was a largely ‘hands-on’ exploration of the
geological concepts and technology involved in ocean drilling.
With the assistance of several staff from GNS Science, the students
were given guidance on scientific methods and a wide range of
analytical techniques, particularly related to scientific drilling and
studying past climate.

Through practical experiments they explored concepts of
buoyancy and the relationship of sea level to climate change.
They created their own model drill ships and made detailed
observations of some unique rock specimens from around the
world. Included in the programme was a tour of GNS Science
facilities, including the Ice Core Processing Laboratory.

After drilling their own sediment core from Wellington Harbour,
the students collected samples from it and learnt about the study
of microfossils in climate change research.

During the guided tour of the Joides Resolution, the students
were shown the array of equipment and facilities that allow

scientists to drill rock and sediment cores in kilometres of water
depth while at sea for months at a time. Of particular fascination,
was the system of side thrusters for keeping the ship in a stable
position while drilling.

The week-long event ended with an evening function where the
students gave presentations to their parents about particular
aspects of the programme. Feedback from students and parents
was extremely positive with one student saying he had learned
more about science in three days than he had learned in a whole
year at school. The programme’s success has prompted
GNS Science to consider offering a summer school for science
teachers in the future.

Contact: Julian Thomson
GNS Science, Lower Hutt
jthomson@gns.cri.nz
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Crossword
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The across clues are in cryptic form, with wordplay and a
synonym. The down clues are straightforward synonyms or
(in a vague sense) definitions.

More than half the clues have some scientific relevance, but
not all geological or physical.

Across (cryptic)

1 Divine retribution makes sin seem wrong (7)
5 Call into question with a broken popgun (6)

8 A number with the old chills and fever are not clearly
understood (5)

9 | halt both new composition and intrusion by rock (9)
11 Miracle formulation by California Muscovite (5,4)
12 Change later (5)

13 Tipples, taking the last first, producing a mottled
effect (7)

15 Strong sexual attraction to marijuana on the Pacific
shore perhaps (3,4)

17 Acerbic composition. Rudaceous as well (7)

19 Oil company holding silver attached to genetic
material when reversed creates a semiconduction
phenomenon (4,3)

21 Sandy is not very dense (5)

23 Cacti seed dispersed slightly dry out (9)
25 Teaspoons breaking talc (9)

26 Poor Naomi is related to a radical (5)
27 Offshore real estate (6)

28 Diminishes with aural teachings (7)

Down (regular)

1 Rookies (7)

2 An attractive mineral (9)

3 A deformation in the woolshed? (5)

4 Settle down (7)

5 A usually dry bed (7)

6 Hormone for mother (9)

7 Glitter (5)

10 Aridge of the earth’s crust (5)

14 A small measure of magnetic flux density (9)
16 A course granite (9)

17 Lavish dances (5)

18 Mechanical man (7)

19 Scottish biographer of Samuel Johnson (7)
20 Hydroxybenzenes (7)

22 Obsidian (5)

24 Pandemonium (5)



Wordfinder

Hidden words read backwards and forwards, up, down, across and diagonally.

A REE D [ L.

Z P L
MGCJQLGYXHX

U X WH

EFIVIRGER OB L L ' HYG

D DY

(o)
KYDEEAXHAHRIJYR

MTGAGY SV

Si H™ NEB BG4 (G@'UD Ty 1S

J

X CURQEANRGOVTD

Y
E KYDOWRYOPZHNMWTEFF

LBHVYXDT FTEOIJW

ISRON NBREL ' TS  'MENZ |, *S

XORIERYAREEA] V10 ADMEE REZ4 T VERRE: H U\ ENSKS 1O

E Z S UBDUZCT

I TMF B NV H F
K XDRAEMOYHK

UHEUZPAUR

M OAMSTR RETL J
EEORGEPAIUNTONIE, 'F SHENIEGL GERK ‘P @It R WA D S SIESL A

(0) 89 | IS

UBNISR 71 S'ORIBENKS D ARSVARNE OBy R @R ULAR&F O LSE \X

AW AWRGYy ERR P I 'S, UBA '€ 'F "E

ERNARERSGT T'H (@3 1U.CAR 'K BEF: ARRSH 'GEEIM' T (@X& T "NF Jy"U '§S

K OSMOXMWOEN
E' GG, /s

Z," S
AMT Z S

E U
Lis L BRU%R.Q

M AGMARTEOJ

£ (ECIB RO QORE: SEEs BN'H A BD

ERSGERERZ "t SR . M' NSV

EH VA REJUSSSEHRE W: (C) 1@ N BIY A E  Ke@PY AR “Z& .G

ISRNERNGERENG (A L B
S SEESHR

D

X

CEKy U VU NS SH Nyl

DES7ZENGEORNUEW P AV/S) gAG'F | @GN IWED! V. "D VH B Ty NI BEF fHE Gy NRARL I A SV A

KEN 7= T

BY Cy/P®T #P' WENR '\ OBGEY AEA & S) il

L QQRK

SINGE TG RNIYER S A, A [ LAY TTUW. BRJ "MEBR REULIA |

4

o
pd
o w2
E gt
CMH_
2 w
a2 > m [
0 ox 5 =z
D D O g W
o o0 F >
()
[
0
w S 2
< w
W ='FE @ 88
¥y C 2 S ¢ <« 4
< £ &5 > > 4
-4 2 2 oo oo
-
<
w =
: ;
r S5 Z T
< C Q% x ok
= I - w £ O
O wiE o n <
> ¥X £ D > N 0
£ > < @£ W < >
O DO uwwoTITTI
T
= 3} <
= Z -
g S5k, s
253235%
< < < 0O O O

SMOKE

LAHAR

CRATER



Discover more
To know more about GNS Science please visit -«

WWW.gNns.Cri.nz

or call us on

+64 4 570 1444

or email us at

Info@gns.cri.nz

If you wish to be included on the mailing list for Globe, please contact:
John Callan

GNS Science, Lower Hutt

T +64-4-570 4732

j.callan@gns.cri.nz
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