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"I see the Geochemical Group as part of the Npw
Zealand scientific community, that is the sciestistthe
Universities, Government and private enterprisee Tjh
prime purpose of this newsletter is to fo
communication between members of this community fvho
have an interest in geochemical work in common.
Success of the Newsletter depends on all membieg
contributors.Let us hear, therefore, about your researc
and your views of the development and aims of
groug. There should be plenty of material, as studies
applied, compositional, isotope, mineral phage
equilibria, organic and solution geochemistry ane
progress and New Zealand is an excellent na
laboratory for such investigations."

J. Rogers, first Chairmaof the New Zealand
Geochemical Group, in his Introduction to the fissue
of the Newsletter, November 1965.
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The NZ Gelds Newsletter ig igzued to members of the society to keep thetn in touch with
geocherical and mineralogical rezearch in New Zealand, Material in the newsletter
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2007 -2009 SUBSCRIPTIONS

NOW OVERDUE !! NOW OVERDUE !!

The Society welcomes anyone with an interest irtlgemistry and/or mineralogy.

Subscriptions for 2007-2009 are NOW DUE as follows

New Zealand members NZ $10.00 for 2 years

or NZ $75.00 life membership
Overseas members NZ $15.00 for 2 years

or NZ $100.00 life membership

[Overseas payments should be in NEW ZEALAND DOLLARSbank cheque, postal note or international money
order. All may pay NZ dollars by internet bankimgo the NZ GeMS account 11-6168-0297175-11 If usivg
latter option please identify your name or membprabhmber.]

Subscriptions should be sent ©r R.B. Glover,
Hon. Treasurer, N Z Geochemical & Mineralogical Soiety,
33c Brandon Road,
Glen Eden,
Waitakere City 0602,
NEW ZEALAND.
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Editor's Note:

A concentration of conferences are coming up irQbwber and November. In chronological
order the first is the 26th Micro-Mineral Symposiwil be held Oct 24-28 at Bannockburn Camp,
Cromwell, Otago. Secondly, NZ Geothermal Workshod NZGA Seminar from November 11 to 13
in Taupo. This will also celebrate 50 years of ppgeneration at Wairakei. For more information ¢hec
www.nzgeotheraml08.cormhirdly, Geosciences '08. The first joint confecea between Geological
Society of NZ, NZ Geophysical Society, and NZGeMBis will be held from 23 to 26 November at Te
Papa in Wellington. More info omww.nzgems.org.nz/Geosciences_Circular.défesident Jenny has
been busy on our behalf contacting the other sesisb this can happen. Thanks Jenny. Also ofisote
the fact that our new website is up and runtitig://www.nzgems.org.nzThanks to Liz, Kevin and
Jenny.

Dick Glover
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Hot Fractured Rock in Australia
By Kevin Brown

Geodynamics Limited is the most advanced of a number of hot fractured rock developments in
Australia, and is possibly leading the world in this field. It has drilled 3 deep wells at their
“Habanero” site and is currently drilling a step out well at the “Jolokia” site 9 km west. These
wells are located in the Cooper Basin, near Innaminka in the Simpson Desert.

Geodynamics has a large license area covering 2000km? in the larger Cooper Basin area. The
area is currently a petroleum based resource, with a large refinery at Moomba — about 65km
south west of the Habanero site. The heat resource was first noticed when Santos - the
petroleum company — discovered that their petroleum wells had a much greater than normal
heat flow , and deeper wells had very high temperatures. The heat source is a radiogenic
granite at a depth of >3000m. This large granite body is overlain by 3 — 4 km of sediments,
which act as a blanket to keep a large proportion of the radiogenic heat that is generated down
in the granites.

-

The first well was Habanero 1, which was drilled to 4,421m. To everybody’s surprise, the well
was not only artesian, but had a shut-in wellhead pressure of 350 bar due to geo-pressuring in
the granites! Unfortunately, the surprise large pressure meant that the wellhead was no
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longer equipped for discharge, so no chemical sampling was possible from this well though

fluid influxes into the mud system gave a clue to the chemistry of the water. At this stage, the
project was no longer “Hot Dry Rock” and became “Hot Fractured Rock”.

Habanero 2 was drilled to 4342m. There were technical problems with the drilling of the well
that finally caused the flow path to block in 2005. However we were able to collect chemical
samples from the well. Samples of the fluid were collected at high pressure (350bar) and high
temperature (200°C) from the wellhead. Nobody had collected geothermal samples at this
pressure before, and it was not clear whether the cooling coil would even remain coiled at this
pressure! Due to the high wellhead pressures, the fluid does not flash as it rises up the well,
so we were sampling a liquid phase only. However, good samples of the deep brine were
collected in this manner. At the wellhead, the fluid was depressurised through tungsten
carbide orifices (fixed choke and variable choke in parallel) and then fed to a conventional
geothermal separator. Both steam and water samples could then be collected at the separator
pressure (a few bar) by conventional geothermal sampling. Such was the pressure at the
wellhead, that a 1/2” orifice could deliver up to 90 tonnes/hour of liquid.

The liquid phase is a NaCl brine with about 2/3 the salinity of seawater. Being derived from a
late stage granite, the water is enriched in the LILEs (or large ion lithophile elements) with 10s
of ppm of Rb and Cs. Lithium and boron are also enriched with concentrations of several
hundred ppm. The gases comprise about 1.8% by wt of the total flow. As in a regular
magmatic geothermal system, the principal gas is CO,, but this CO2 is thought to have
diffused down from the overlying gas saturated sediments over several hundred million years.
H.S concentrations are much lower than those in the NZ geothermal systems and due to the
radiogenic nature of the granite, helium concentrations are very high. With the petroleum
sedimentary layers above the granite, methane is also very high with about 1000ppm in the
total flow.

Habanero 3 was drilled to 4221m as a production well with 8% inch production hole. An
extended discharge test in March of this year, gave very good productivity. Chemical samples
showed that the fluid was very similar to Habanero 2 fluids and a bottom hole temperatures of
244°C was measured. An extended discharge test is planned for June, with the fluids from
Habanero 3 being reinjected at pressure into Habanero 1 though a 660m long high pressure
flow line. An air cooled heat exchanger is in the circuit to simulate the extraction of heat in a
power station. During this closed loop circulation test, tracers (both fluorescein and
naphthalene sulfonates) will be used to determine the complexity of the connection between
the wells. Pressure connectivity has already been established during discharge with
immediate pressure response at a shut-in Habanero 1 wellhead with flow from Habanero 3.
Similar connectivity was seen between Habanero 1 and 2 in 2005. There will be no discharges
to the environment during the closed loop test, as pressure is being maintained throughout —
this is also proposed for future commercial development. The maintenance of high pressure at
the surface also has benefits for the geochemistry. Calcite is not precipitated (there is no
flashing) and silica is less likely to precipitate at the lower temperatures, as the dissolved CO,
results in a low pH at low temperatures.

In the near future, Geodynamics plans to build a demonstration 1 MW plant and ultimately,
plans to gradually increase electricity production to 500MW and beyond. Certainly the energy
resource is there, but it remains to be seen that it can be extracted at commercial rates.

The development at Habanero has provided many challenges for the geochemist and it is an
exciting project at the frontier of current geothermal research and development.
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Panorama taken from the air of the east side ofgatiugssuaq showing the Skeaergaards Halvgen
Intrusion consisting of banded gabbros around dekRt 1277 m.

Lawrence Wager — “Bill” to his friends — was by amgasure one of the most important geologists of
his time. His discovery and studies of the Skaedya#rusion of East Greenland were a landmark
contribution to igneous petrology, and his worlgdther with that of his students and colleagues
contributed to some of the most basic conceptsagfimatic differentiation. — Alexander R. McBirney,
University of Oregon

by G. P. Glasby, Department of Geochemistry, GZG, Goldschmidtstras  se 1, D-37077 Gottingen,
Germany

[NB A fuller account of this “slimmed down” version Wfager’s work can be found on line in
Geochemical News 2007, No. 1B1

Introduction

Lawrence Wager was born in Batley, West Yorksliir 1904 and his younger brother, Hal, was born
in Hebden Bridge two years later. From the earlysd#is parents rented a cottage at Arncliffe i th
Yorkshire Dales and the two boys lived for the 1deks of holiday at Arncliffe each year. There is no
doubt that the freedom to roam in some of the rneattiful scenery in Britain had a profound inflaen
on the boys.

In 1922, Wager went up to Cambridge to readagpoht a time when geology at Cambridge was very
strong and in 1926 graduated with a First. His niatierest at Cambridge was the Cambridge University
Mountaineering Club of which he became Presided®i?b-26. The meets in the vacations were a major
part of his life.

For his Ph.D., Wager worked on metasomatismhen Whin Sill. In 1929, he was appointed to a
lectureship at Reading University under Professar Hawkins who did much to further his career.

By the time he left Cambridge in 1929, Wager whsady beginning to establish his credentiala as
field geologist and had acquired a reputation aagoene of the best and safest young climbers in
Britain. He had the rare distinction of making hiark (at the highest levels) in three separatedjehs
an explorer, mountaineer and geologist.
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Explorer

In January 1930, Wager was invited by Gino Watkimgoin the 1930-1 British Arctic Air Route
Expedition (BAARE) to Greenland. This was the fiotfour expeditions to East Greenland and one to
Everest in which Wager was involved in the 1930dswlat Reading. In all, Wager was absent for about
five of the ten years he was at Reading!

Wager's most famous expedition lasted from J@g5LSeptember 1936. The party he chose for the
expedition consisted of Lawrence Wager, Hal WagéA. (Alex) Deer and the two Wager wives, Phyl
and Kit, who were the first British women to wintver in Greenland. Wager had the good fortune to
chose W.A. Deer who was a 25 year old Ph.D. studemking under C.E. Tilley for the expedition.
When they reached Greenland, the Quest was jammieg huge icebergs but they gradually managed
to manoevre through them but not before the captathannounced that, if they touched a berg wigh th
swell prevailing, the ship would be lost!

The first task in Angmagsalik was to select thkimmos who would go to Kangerdlugssuag with them.
14 eskimos were selected and they formed a frielittly party in Home Bay at the northern end of th
Skaergaard Peninsula. In August, Wager and a dighparty set off to climb a 12,200 ft mountain
which was subsequently named Gunnbjorns Fjaeld.eVdig a magnificent job of organizing the route
following a very careful study of the aerial phataghs and maps. Wager’s inspired choice of routke an
tactics over the most uncomfortable terrain browgitcess against all expectations.

Following the departure of the Quest, the gecligprogramme began in earnest. There were two
principal objectives, the main one being the dethrhapping of the Skaergaard Intrusion and therskco
the mapping of as much of the area to the eastanigrdlugssuaq as could be reasonably reached by
short journeys. The field programme was extremeiyanding. Before it could be undertaken, routes to
the inland areas where the glaciers provide theottghfares for travel by dog sledge had to be
reconnoitred and food dumps to support the geadddield parties had to be laid down. These were
logistical requirements of some magnitude whictktop a considerable amount of expedition time.

The weather was more problematic. Temperaturesethfigm a maximum of about 50°F in July to
about —20°F in February. The sun remained belovhtrezon for about 5 weeks from the beginning of
December but geological samples could still beectdd during the four hours of twighlight around
noon. Violent féhn winds periodically poured dowworh the Ice Cap into the huge Kangerdlugssuaq
Fjord which could lead to large rises in air tengpere and rapid melting of the snow. The féhn winds
could occur at weekly intervals in winter and wgemerally followed by snow and poor visibility.

The geological field programme was undertaken adty by Wager, Deer, Dr E.C. Fountaine and Hal
Wager working in two two-man teams. Wager was aobi slave driver and kept up the pressure on
geological field work throughout the autumn and piag was continued even in December during short
spells when the weather permitted. Scientific wods also undertaken at base in winter during period
of bad weather. This included making thin sectiongroscope work, mineral separation and collating
the results of field work. Rock sections were alsed to direct future field work. In addition, Fdaine
began to make the large-scale map which was Iatnl as the base for the detailed geological survey.
On New Year’'s Evel1935, Wager proposed the toasGiieenland, may it never be exploited.’

In March, 1936, Wager and Fountaine set out to thepunataks fringing the Ice Cap in the region of
the Seward Plateau and the Prince of Wales Mouwatalme journey took 5 weeks. In June, Deer and
Fountaine started on the second long sledge jouni®wing the same route to Seward Plateau and on
to Ice Cap and around the head of Kangerdlugssu#uet Triangular nunataks and Hutchinson plateau
before continuing through the mountain region wéghe fjord. This journey was completed sometime
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after July 11 but both Deer and Fountaine contingealogical work with other parties nearer to base.

During the course of these two journeys, reconaaiss mapping of about 10,000 kmas completed.

In all, 35,000 km of difficult country was mapped geologically dugithis expedition with some small
areas mapped in detail. This was a remarkable asment accomplished almost entirely by two
sledging parties, each of two men. It is clear iNaiger was a bit of a slave driver but he was &ble
achieve these results through his own drive anldusism which he passed on to others.

The geological results of Wager’s four expeditisasEast Greenland in the 1930s were published in
four volumes of Meddelelser om Grgnland. Accordim§Vager’s obituary in The Times, the account of

the Skaergaard Intrusion by Wager and Deer in 1989 the most significant single contribution yet

made to to the science of petrology.

The obituary also states that those who were hmpemions on his expeditions all remember his
remarkable powers of leadership in the field urtdgng conditions. He had the gift shared by certai
rare leaders of inspiring a kind of blind faithhis ability due to his deep understanding of thedis
controlling the spirit and stamina of his party, thee cautious commonsense which governed all his
decisions, and to his insistence upon the detailgdnization of any venture in which he was conedrn
Professor Vincent who was Wager’s successor at r@xdonsidered Wager to be one of the toughest,
most single-minded explorers that Britain had poestlfor a very long time.

Mountaineer

Wager was already quite an experienced climber when joined the Cambridge University
Mountaineering Club (CUMC) on going up to Cambridgel922. He became President in 1925-26. In
one trip to the Lake District in March 1925, he legcthere and back from Arncliffe (about 11 hours
each way) with a week’s climbing in between. Theathier was wintry with snow and hail for much of
the week! By 1928, Wager had achieved a reputasoane of the best and safest young rock-climbers
in Britain.

In December, 1932, Wager was invited to join th&3l®ount Everest Expedition as a last-minute

replacement for N. Odell. They arrived at Darjeglin February and began the long trek towards Tibet
through lush vegetation. Following their arrivalBdse Camp which was located at 16,800 ft, it took
Wager and his companions until late May to reacinC& at 25,700 ft because of bad weather and the
steepness of the new route up to the North ColMan 29, Wager, Wyn Harris and Longland managed

to get up to Camp VI with eight porters.

On May 30, Wager and Wyn Harris made the first@ssam the summit. They set off at 05 30 following
a very cold night and got up to the second stepgfdaurtd it impossible to climb. This was their highe
point at about 28,100 ft and was to remain the dsglon Everest without oxygen until Reinhold
Messner and Peter Habeler climbed Everest in 19f8.the descent, Wager, despite his extreme
exhaustion, forced himself up to the NE shouldethef mountain and became the only climber to have
looked down on the SE face of Everest until Hilland Tenzing were able to do so twenty years later.
The last drag into camp was just about all theyewesapable of. When Dr McLean, the expedition
Medical Officer, examined Wager and Wyn Harris, foband both were temporarily suffering from
dilated hearts as a result of their experiencésgat altitude without oxygen.

War Service

In 1940, Wager joined the Photographic Interpretatinit of the Air Ministry. In 1942, he was pait o
the unit going out to Murmansk to keep watch onTheitz and to train their Russian counterparts. |
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1943, Wager applied for the Chair at Durham angvedlrin Durham on January 1, 1944, to take up his

chair as the successor to Arthur Holmes.
Geologist (1944-1965)

When Wager became professor at Durham, there wigsooe other member of the teaching staff. He
therefore appointed Fred Stewart, who arrived imh2m in the autumn of 1943, and David Vincent,
who arrived in October 1946, as lecturers.

Wager’s star pupil at Durham was Malcolm Brown. Bnohad come up to Durham in 1944 on a 6
month RAF course intending to read chemistry atter war but had been so impressed by Wager’'s
course on physical geology that he had decidedad geology instead. He returned to Durham in 1947
and took first class honours in geology in 1950.vimt on to become Wager's most trusted colleague
in Oxford and ultimately Director of the British Glegical Survey.

During his time at Durham, Wager played an impdrtate in founding Geochimica et Cosmochimica
Acta and published his classic paper on the geoignof the Skaergaard intrusion with Robert
Mitchell in the first volume.

In the period of austerity immediately after therwd/ager began his investigations on the British
Tertiary Igneous Province, firstly in the Westerad=Hills Complex on Skye with Fred Stewart in the
1940s and later on in Rhum which was to provide lihsis for Malcolm Brown’s doctoral work at

Oxford.

In 1950, Wager was appointed Professor of GeologyOxford taking over a rather moribund
department. Wager set himself the task of creadimyodern, world class geology department. By the
late 1950’s, he had managed to reestablish the rbepat of Geology and Mineralogy as a vigorous
centre for research activity, had acquired a goeal of new equipment for the laboratories and had
imbued the department with a determined and erdhtisiresearch spirit.

Wager also became very interested in geological dedermination and set up the Isotope Research
Laboratory which was rewarded by the high inteoral esteem in which the laboratory came to be
held.

Wager had therefore fulfilled his aim of equippiting department with the most modern apparatus for
the chemical, physical and nuclear investigatiomozks and minerals and pushing the analysis to its
ultimate limit to gain data for his petrologicalidtes.

In 1955, Wager had a coronary thrombosis duringirahergraduate field trip to the Lake District and
was told to be careful for the rest of his life.

In 1958, Wager played a major role in setting ug jiurnal of Petrology and published two major
papers in the first volume of the journal in 1960.

By 1957, Wager and Brown had already begun disegdsie possibility of writing a book on layered
igneous rocks. Writing this book proved to be aentask which would take up the next ten years. In
order to prepare themselves, Wager and Brown dighie Bushveld complex in South Africa and the
Great Dyke of Southern Rhodesia in 1958. The boak ewventually published in 1968 and became a
standard text.

On November 20, 1965, Wager was in London with Rtdttend the wedding of Jack Longland’s son.
When he returned to his club, he had a second aoyaand died almost immediately. The following
week, | asked Malcolm Brown what Professor Wageddiom ‘A heart attack. He strained his heart on
Everest.’
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Conclusions

As an explorer, Wager had all the necessary ingngslifor success. These include mental toughness an
courage, meticulous planning, careful selectionthed targets for investigation and ensuring their
implementation, knowing the strengths and weakrsees$ehis colleagues and finally presenting the
results of the investigations to the wider sciéemtdommunity. Wager consistently satisfied all #hes
criteria but most importantly, on the British E&teenland Expedition of 1935-1936, he and his junio
colleague, W.A. Deer, achieved results of landnségkificance in igneous petrology.
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Upcoming Conferences

The 2008 26th Micro-Mineral Symposium will be heldOct 24-28
at Bannockburn Camp, Cromwell, Otago

Programme:

Friday: Arrive, wine, fruti juice and cheese fron30pm

Saturday: Microscopes and give-aways in the morrkingd trips after lunch.

Sunday: Competitions for the Tetrahedral Trophybfest NZ micromount, the Stan Rowe Trophy for
the best overseas micromount, the Ruth Jacobsegihy for the best find from the 2007 Symposium
field trip, and the NRMIG Photographic Trophy foZ Minerals.

Monday: Microscope work and preparation of itemsdaction. Auction.

Speakers:

Russell Beck, retired curator of the Southland Muse

Royden Thomson. Local consultant geologist, wittetiled knowledge of the area’s geology,
mineralology, etc.

Daphne Lee, Senior Lecturer at the Unversity oig0t@eology Department, specialising in
paleontology and NZ geology.

Cost $100. Contact Ron and Sara Keen. P.O. Bokak® Hawea, Central Otago 9345,
New Zealand. Emailon.sara.keen@xtra.co.nz

PLEASE REGISTER BY 30 SEPTEMBER

NZ Geothermal Workshop and NZ Geothermal Associatin Seminar 2008

2008 is the 30th anniversary of the Geothermal \&8twok, New Zealand's longest running energy
conference. We hope you will join us for this vepecial occasion.

Our theme this year is CELEBRATION! - of our peqpé our past achievements and of the exciting
future of geothermal energy use around the wanlgairticular New Zealand's contributions to the
research, education and development of the resource

In 2008, we also celebrate the 50th anniversathi@iVairakei Power Station. So with the collabarati
and support of Contact Energy, this Workshop andia&r will be held at the Great Lake Centre,
Taupo, New Zealand.

Geothermal Workshop: 11 - 12 November
New Zealand Geothermal Association Seminar: 13 Nier

EARLY REGISTRATION CLOSES 12 OCTOBER
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The combined conference will be held at Te Papa, Wellington from Monday 24th —
Wednesday 26th November. Registration and an icebreaker will be held on the Sunday night
and eight pre- and post- conference fieldtrips will be offered. Also included are 8 Special
Symposia.

For registration, field trips, costs, and all further information go to
http://www.nzgems.org.nz/Geosciences_Circular.pdf

EARLY BIRD REGISTRATIONS ARE DUE BY 12 SEPTEMBER.

More Micro-Scope News(NZ micro-mineral localities)

The 2007 edition and updates are now availableD@m@y and will stay at 10 NZD. Members in
Australia may send AUD which would offset the pgstédut for all other orders from overseas the cost
would be 7 USD or Euros.

Rod Martinpincha@ihug.co.nz

Schedule and topics for 2008 Northern Region Minetdnterest Group (Held in Auckland) (10AM
-2 PM) is:

Oct 4 Sym prep

Oct 24-28 Symposium, Bannockburn

Nov 2 Sym follow up (Sun)

Nov 29 Your choicenailto:pincha@ihug.co.nz

Note All visitors welcome but dates may change contactRod Matrtin.
From Newsletter #24 - January 1972
Contributed editorial by A.J.Ellis

“These days with a proliferation of Conferences, small “working” conferences with a limited umber
of specialists probably provides the best scientifilue for time and money. Larger conferences
arranged by wide-ranging National Scientific orgations tend to provide necessary personal contacts
between people in a multi-topic discipline, ratttean a purely scientific function. .........

The Geochemistry Symposium at Wairakei in May 18&4ewed a wide range of geochemistry
activities. Papers ranged from analytical develamshand specific element analysis, through isotope
determinations and equilibria, to practical tomosh as geothermal prospecting and hydrothermal
chemistry in geothermal development............
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