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Alumni Celebration!
Faculty of Science Alumni
he Faculty of Science seized the
‘spirit of why not’ by
acknowledging the remarkable
achievements of its own alumni from the
past 50 years. The Distinguished Alumni
award will be an annual honour bestowed
upon a science alumnus who has made
significant career contributions to his/her
field. Also chosen to honour are 50
outstanding alumni who have themselves
proven their merit to their peers and
community. The diverse group of
individuals that were celebrated symbolize
the sheer excellence and incredible drive of
our graduates, proving that a science degree
from UW can lead to great
accomplishments. Eight of the honorees are
graduates from the Earth and
Environmental Sciences Department.
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Bernadette Hughes Conant

Marcel R. Coutu

BSc Earth Sciences ’86,
MSc Earth Sciences ’91
Waterloo, Ontario

BSc Earth Sciences ’76
Calgary, Alberta

As Executive Director of the Canadian
Water Network (CWN), Ms Conant
has influenced the direction and
mission of this Centre of Excellence.
She has played a key role in bringing
together over 200 researchers
from 37 academic institutions to
identify and address critical issues in
the provision and protection of safe,
clean water. Prior to joining the CWN,
Ms Conant was involved in
groundwater issues in both Canada and
the USA for 17 years. Outside of her
professional life, she has taken time to
lead and organize a group of fellow
Earth Sciences alumni to donate their
time cooking and serving dinner
to disadvantaged and/or homeless
individuals who face daily challenges of
poverty and substance abuse. Through
her organization and perseverance this
group has served the community
monthly since 2000, regularly feeding
over 100 grateful individuals. Other
volunteer hours are given to school
council, a children’s reading program,
Groundwater Day at primary schools,
and various activities at her parish. In
her personal and professional life, Ms
Conant’s talent for inspiring people to
work together and seizing opportunities
has clearly contributed to her many
successes.

Mr Coutu has more than 25 years of
experience in the resource and energy
sector with a primary focus in corporate
finance. Prior to joining Canadian Oil
Sands Limited in 2001 as President and
CEO, he was Chief Financial Officer of
Gulf Canada until its sale to Conoco.
Preceding that position, he was Senior
Vice President International and Vice
President Finance at TransCanada
PipeLines where he helped finance its
mainline expansion and international
projects. Mr Coutu worked many years in
the upstream sector for companies that
include Hudson’s Bay Oil & Gas and
Dome Petroleum, and has five years
of experience in the investment banking
business. He has completed the Institute
of Corporate Directors Corporate
Governance program and is accredited as
a certified director under that program.
Mr Coutu serves on the Board of
Directors of Brookfield Asset
Management, Great-West Lifeco., United
Way of Calgary, and the Pension and
Compensation Committee of the Calgary
Stampede Board. He is Chairman of the
Board of Syncrude and chairs the
Syncrude Joint Venture CEO and
Management Committees. He is also
Governor of the Canadian Association of
Petroleum Producers and a member of the
Canadian Council of Chief Executives.
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Anthony D. Daus
MSc Earth Sciences ’84
Huntington Beach, California

Anthony D. "Tony" Daus, President
and Principal Hydrogeologist,
Geomatrix is a 25-year environmental
industry veteran. His career as a
geologist and hydrogeologist includes:
managing one of the largest soil and
groundwater investigation and
remediation projects in Brazil;
providing litigation and mediation
support on environmental projects
involving soil, groundwater and surface
water contamination; conducting multiproperty industrial and commercial due
diligence property assessments;
evaluating and remediating fuel
hydrocarbon spills and leaks; and
managing soil, groundwater, and
surface water condition investigations
locally and overseas. He has served as a
reviewer for several technical journals,
including Ground Water and Journal of
Environmental Science Health and is a
sought-after presenter in his field. Mr
Daus earned a BSc in Geology from the
University of Missouri. At the
suggestion of one of his undergraduate
professors who encouraged him to
explore the up-and-coming
environmental field in groundwater, he
earned an MSc in Hydrogeology. Since
1997 under Mr Daus’ guidance as
President, Geomatrix has tripled
revenues to more than $90 million
while doubling its staff size and office
locations. Mr Daus is unique in that he
continues to provide consulting services
to his key clients while serving as
President of the firm. He enjoys
spending time with his family, fly
fishing, camping, the symphony, and
volunteering as a Boy Scout leader.
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Peter Gray, P Geo., QP (ESA)
BSc Earth Sciences ’87
Bright, Ontario

Andrew W. Panko, PhD
MSc Earth Sciences ’77
Niagara-on-the-Lake, Ontario

Mr Gray has more than 20 years of

Andrew Panko is a geoscientist
(APGO) and successful entrepreneur
who has founded several environmental
services and property development
companies. After selling his first
business, Arcturus Environmental Ltd.,
he founded Forensic Environmental
Services Ltd. which he sold in 2002. He
then established Brownfield Revolution
Inc. Dr Panko is a founding partner of
Associated Brownfields Inc., a
brownfield development company that
purchases, remediates and develops
contaminated properties. He has a
personal interest in railways; he has coauthored several books, including
Steam in Niagara (1983), and has
received the Lifetime Achievement
Award from the Canadian Railroad
Historical Association. More recently
he has been growing vinifera grapes on
his family farm in Niagara-on-the-Lake.
Dr Panko is also active within his
community as a member and past
president of the Rotary Club and several
conservation and historical groups. He
is a Life Member of the Thorold,
Ontario volunteer firefighters. Dr
Panko is a past Chair of the Board of
Niagara Falls Hydro and the Niagara
Falls Chamber of Commerce, past ViceChair of the Brock University Board of
Trustees, is currently on the Board of
Directors of Meridian Credit and Chair
of the Board of Niagara Regional
Broadband Network.

hydrogeological and environmental
consulting experience with projects ranging
from small-scale local environmental
assessments to large-scale international
assignments. This work includes the
recently completed community-based
environmental assessments for CIDA and
World Vision in the countries of Sri Lanka,
Indonesia, India and Thailand following the
devastating tsunami in southwest Asia in
December 2004. He has contributed greatly
to the community over the last 20 years as a
champion of groundwater education and
protection, including working with the
Waterloo Wellington Children’s
Groundwater Festival as Chair, the
Children’s Water Education Council as
President, the Rotary Club of Kitchener, the
University of Waterloo Advisory Council,
Faculty of Environmental Studies Dean’s
Council, the Grand River Conservation
Authority Water Forum Organizing
Committee, Waterloo Wellington Secondary
School Science Fair, Technical Advisor for
various University of Waterloo graduate
studies projects, Director of the University
of Waterloo Museum Board and member of
the region’s former Groundwater Guardian
Affiliate Committee. Mr Gray’s project and
community service experience is
complemented by his corporate and
entrepreneurial spirit. He successfully
launched two environmental companies,
including the successful merger of his 12year-old company Frontline Environmental
Management Inc. with the leading KWbased engineering firm, MTE Consultants,
Inc. in April, 2007, where he is the senior
hydrologist and holds the position of Vice
President.
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James (Jim) Reimer

Stephen Schaller

Edward A. Sudicky

BSc ’78 Earth Sciences,
MSc Earth Sciences ’80
Calgary, Alberta

BSc Earth Sciences ’88
St Lambert, Quebec

MSc Earth Sciences ’79,
PhD Earth Sciences ’83
Waterloo, Ontario

Mr Reimer currently works as
Executive Vice-President with Result
Energy Inc. in Calgary, Alberta. With
over 28 years of industry experience in
his portfolio, he has achieved a
significant track record of hydrocarbon
discovery and development of new
exploration concepts. In the past, Mr
Reimer has held several positions at the
President and Vice-President levels of
both large and small exploration and
production companies. He has used this
expertise to help mentor and mould
many junior Canadian geologists.
Additionally, he is the Past President of
the Canadian Society of Petroleum
Geologists and is currently the
marketing chair for the Canadian
National Steering Committee International Year of Planet Earth
(2008). He has also participated in
numerous industry and professional
advisory boards, including the executive
policy group of the Canadian
Association of Petroleum Producers and
the British Columbia Oil and Gas
Commission. Mr Reimer was Chair of
the first joint convention of the
Societies of Petroleum Geologists,
Exploration Geophysicists, and Well
Logging and he played a key role in
developing the hydrogeology division
for the Canadian Society of Petroleum
Geologists.

Stephen Schaller is a RADARSAT-1
Mission Planner for the Canadian
Space Agency (CSA) in St. Hubert,
Quebec. RADARSAT-1, Canada’s first
commercial Earth observation satellite,
was devloped by the CSA in
cooperation with Canadian provincial
governments and the private sector.
The images it collects are useful in
many fields, including agriculture,
cartography, hydrology, forestry,
oceanography, geology, ice and ocean
monitoring, arctic surveillance-detecting
ocean oil slicks and spills-and
responding to environmental disasters,
all which require fast imaging from
space. For the past 10 years, Mr Schaller
has participated in the planning and
management of satellite image
acquisitions as an On-Call Planner to
respond to anomalies and major natural
disasters. He has been able to apply his
knowledge of geography and remote
sensing to help clients on the Canadian
Government Order Desk plan and order
the best imagery for their needs. He has
also acted as the Emergency In-Call
Officer for the International Charter,
Space and Major Disasters. This past
summer has been an especially exciting
time for Mr Schaller as the CSA
prepares to launch RADARSAT-2, a
superior successor to RADARSAT-1, in
December, 2007, from a Soyuz vehicle
based in Russia's Baikonur
Cosmodrome in Kazakhstan.

Edward Sudicky is a Professor in the
Department of Earth and
Environmental Sciences at the
University of Waterloo whose research
areas of interest include the
mathematical modeling of groundwater
flow and contaminant transport,
groundwater remediation and
groundwater-surface water interactions.
He also holds the Canada Research
Chair (Tier I) in Quantitative
Hydrogeology and is a highly cited
researcher who has been named
aFellow of the Royal Society of Canada,
the Canadian Academy of Engineering,
the Geological Society of America and
the American Geophysical Union. Dr
Sudicky has been listed in the Canadian
Who's Who and in Marquis Who's
Who in Science and Engineering. He
received the Geological Society of
America's O.E. Meinzer Award in 1999
and the Hydrology Award from the
American Geophysical Union in 2002.
The National Groundwater Association
will honour Dr Sudicky’s work this fall,
presenting him with the prestigious M.
King Hubbert Award. In addition to his
teaching and research duties, Dr
Sudicky is a consultant to private
companies. He has been invited to
lecture internationally on numerous
occasions and was the Association of
Ground Water Scientists and Engineers
Henry Darcy Distinguished Lecturer in
1994. He provides service to a number
of scientific societies and associations
and has acted as editor-in-chief and
associate editor of several scientific
journals.
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Things that go bump in the night
s Earth scientists we are aware
that objects (sometimes really BIG
objects) have impacted Earth in
the past. As keen natural observers, often
working in pristine, non-light-polluted parts
of our world we have a better than average
chance of seeing celestial objects flash across
the sky but few of us have had the
opportunity to get up close and personal
with a recent impact site, However, this is
exactly what happened last Fall in a remote
part of Peru near the border of Bolivia.

A

At 11:45 on the morning of September
15th 2007 a meteorite landed about
5 km from the Bolivian – Peruvian
border near the village of Carancas in
Peru. The site location is shown in
Figure 1 at 16º 39’ 32” S; 69º 02’ 38”
W and at an elevation of 3,824m. The
impact created a moderately large crater
about 13 - 14m (~ 45 feet) in diameter.
The rim of the crater is between one
and two metres in height and the crater
is at least 4 m deep. The impact took
place on the floodplain of a large river
system. There were reports of people
smelling sulphur and stories of people
being ill. Some have theorised that
Figure 1: Location of the Carancas, Peru,
impact site near the south end of Lake Titicaca.
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noxious gases were released from the
meteorite or that the impact released
gases with arsenic from the water table.
However, I think a simpler explanation
might be that hydrogen sulphide was
released from organic debris trapped in
the sediments around the impact site.
Looking at the detailed images available
on Google Earth of the area west of the
impact site it appears that this is a
region that may have permafrost,
and/or has been recently glaciated since
there are a number of depressions that
resemble kettle holes or thermo-karst
melt holes. Michael Farmer, a meteorite
collector who visited the site suggested
that the meteorite likely weighed about
10 tons on impact. His site at
http://meteoriteguy.com/carancas.htm
is interesting and has some excellent
images of the impact site.
Material recovered by Peruvian
authorities (see):
www.ingemmet.gob.pe/paginas/pl01_qu
ienes_somos.aspx?opcion=320 show
that the meteorite is a chondrite (stony
meteorite) with a composition of about
50% pyroxene, 20% olivine and 10%
feldspar. The remainder is made up of
15% kamacite (a 90:10 alloy of iron

and nickel) and 5% troilite (an end
member of the iron sulphide mineral,
pyrrhotite). The troilite end member is
rare in crustal rocks but is relatively
common in meteorites. There were also
traces of chromite and native copper
present.
Specimens of the Carancas meteorite
are now being sold for about $ US
10/gram. The full scientific results of
the examination of this relatively
unusual meteorite have not yet been
released.
Alan V. Morgan

Figure 2: The Carancas impact site (top) with a
fragment (lower left). Note that the “crust” is a
resin coating used to bind the specimen for
thin-sectioning. It is not an ablation rind
frequently found in meteorites. Thin sections
illustrating the largely pyroxene/olivine nature
of the chondrite are shown on the lower right.
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Kenton’s Rock
Fran Haidl and Peter Russell
dissolved minerals from the
surrounding rocks concentrating them.
I, together with other igneous and
sedimentary rocks, were squeezed,
folded, and sheared again and again,
deep in the earth. Stress cracks formed
at different times, and were filled with
white calcite veins.
Figure 1: Kenton’s Rock in the Peter Russell
Rock Garden
Figure 4: Pillow Lava

Kenton’s Rock Story

Figure 2: Kenton’s Rock loaded for shipping in
Weyburn, Saskatchewan.

I started my life two billion years ago as
molten magma in an area where
volcanoes formed along the edge of an
expanding ocean basin. Most of the
magma in my chamber was released on
the seafloor, where it cooled forming
basalt pillow lava. I was lava that did
not make it to the seafloor. I cooled and
solidified in a vertical fracture to form a
mafic intrusion.

Figure 3: An expanding ocean basin
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Other rocks originated in this ocean
basin, including sedimentary rocks that
formed when layers of mud, sand and
gravel, deposited on the sea floor
between periods of volcanic activity,
were subsequently buried and
hardened. Time passed and all these
rocks were pushed deep under growing
mountains where they were
transformed by heat and pressure into
metamorphic rocks forming an area
now known as the Canadian Shield.

Figure 5: Growing mountain range

When I originally cooled and
crystallized to form basalt rock I
was made up mostly of black
minerals. During metamorphism
the black minerals were
transformed into greenish chlorite.
Areas composed of lava and
sediments like mine form part of
the Canadian Shield called
“Greenstone Belts.” Greenstone
Belts contain mineral deposits. Gold
is one of the minerals searched for in
my type of rock. Gold is found in stress
cracks filled with quartz veins. Water
traveling through the rock layers

Figure 6: Stress Cracks

Time passed, and the mountains were
eroded. Erosion took away a 20
kilometre thick blanket of rocks and
washed them out to sea as fine sand
and gravel. These sediments were
eventually buried deeper and deeper
and began to form new sedimentary
rock. About 30 thousand years ago, the
last massive continental ice sheet of the
Ice Age moved across Saskatchewan
and plucked me from the surrounding
rocks near Flin Flon. As I was
transported in the ice to the Weyburn
area in southern Saskatchewan, I was
scratched in two directions leaving
scars on my surface which indicate that
somewhere along my journey the
direction of ice movement changed.
When the ice melted, I fell to the
surface of the ground along with sand
and other rocks, large and small, to
form the glacial deposits which are now
the site of the sand quarry from which I
began my final journey to Waterloo.
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Remembering Kenton Carnegie,
University of Waterloo Geological
Engineering Student

Engineering classes of 2007 are raising
funds to purchase a memorial to
commemorate his life.

enton Joel Carnegie, a third-year
University of Waterloo Geological
Engineering Student, was admired
as a leader, scholar and friend amongst his
classmates. He was actively involved
within the school community as a member
of the Engineering Society and a class
representative for communications between
professors and students, all while
maintaining grades that far exceeded the
class average.

K

Kenton had an idea for his class when
they graduated. Their gift to the
University of Waterloo would be a rock
for the Peter Russell Rock Garden,
located near the B2 Green. Kenton’s
classmates want to make his dream a
reality, commemorating his wonderful
life. On behalf of and as a dedication to
Kenton, his classmates raised money to
purchase a rock for the Peter Russell
Rock Garden.

In November 2005, Kenton Carnegie
died tragically on a work term
placement in Northern Saskatchewan.
In memory of their good friend Kenton,
the Geological and Environmental-Civil

Visit me in my new home and sit on
me. Remember the interesting times I
had over billions of years and
contemplate Kenton’s fascination with
the land, its formation and beauty.

EDITORIAL
eter and I feel considerable relief
that this issue of What On Earth is
finally complete. This year has been
very busy for both of us dealing with the
50th Anniversary for the University and
the 150th Anniversary of the founding of
Waterloo. This has meant extra work in
trying to arrange events for both “town
and gown”, starting with Peter Etril
Snyder’s painting of a huge mural
depicting Cretaceous dinosaurs. This was
completed at one of the local malls with
townspeople and lots of children
participating in dinosaur talks and pet
rock clinics. The formal unveiling of the
picture was at the university and coincided
with a well-attended public lecture on
Alberta dinosaurs by Phil Currie.

P

Later in the year we had celebrations
for 50 distinguished alumni from the
Science Faculty (mentioned in the
text); the celebration of Chris Barnes’
honorary D.Sc. (also accompanied by
a public lecture on the NEPTUNE
Project). This was followed by the
opening of the GeoTime Trail
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(see text), more museum visits and the
Fall Mineral Show and other events to
the end of term.
So this issue contains a smorgasbord of
additional materials including a report
on the giant gypsum crystals of the
Naica Mine in Mexico, a “small”
meteorite impact in Peru, and a
runaway Indonesian mud volcano.
Also included is Kenton's Rock Story
about a metabasalt brought to the
campus in memory of one of our
students killed by wolves on his co-op
term in Saskatchewan together with a
brief report on a Matachewan
porphyry, a recent donation by the
Central Canadian Federation of
Mineralogical Societies to the rock
garden. Finally another reminder that
2008 is the International Year of
Planet Earth!
Best wishes to all!

Kenton was searching for uranium in a
rock called the Athabasca Sandstone
when he was working in northern
Saskatchewan.
Figure 7: Kenton Carnegie
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18. IYPE - International Year of
Planet Earth - G. Nowlan
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crystals. Alan V. Morgan
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The Opening of the Waterloo GeoTime
Trail; a Canadian contribution to the
International Year of Planet Earth.
For further information contact: avmorgan@uwaterloo.ca
http://www.iypecanada.org/media/pages/media/iype_mediakit.pdf
http://www.city.waterloo.on.ca/DesktopDefault.aspx?tabid=2106

Figure 1: Currently installed signs (2 - 1,300 million) marked in yellow completed in Phase 1. The “Talking Sign” positions are also indicated.
Future urbanization on the Westside Lands (west of the central Forested Hills area) has prevented the completion of the trail loop to the west.
An approximate route is indicated by orange dots, although the final trail may not take this route and will be longer than that indicated.

he Geotime Trail is designed to be
a 4.567 km long trail that will
eventually make its way from a
common start and end point as a loop trail
very close to Columbia Street West in
Waterloo. The distance of the Trail
corresponds to the current estimates of the
age of the Earth at 4.567 billion years.
Every metre along the trail represents one
million years of geological time, and each
single millimetre represents 1,000 years.

T
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Plans for the GeoTime Trail and the
initial “Talking Signs” were brought
forward to the City of Waterloo in 2001
and the concept was subsequently
enthusiastically endorsed by the City’s
Trails Committee. The “Talking Signs”
- signs with an audio track - were
completed in 2002 (see below) in
conjunction with an educational
outreach project called the Geoscape
Grand River Project and were placed
at two locations on the moraine (see
Figure 1).

The Talking Signs
The Waterloo Region lies within the
Grand River basin in southern Ontario,
and is part of a rapidly urbanising
landscape
(http://www.geoscapegrandriver.ca/abo
ut_geoscape.html). The City of
Waterloo together with Kitchener, with
which it shares a common conurbation
border, are situated on the Waterloo
Moraine that provided both cities with
all of their water up to the late 1980s.
Citizen and Environmental groups have
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been trying to protect the west side of both cities from urban expansion
since this is now bordering on impacting the recharge areas of the local
aquifers.
For this reason two audio signs were designed to educate the public on the
importance of the moraine and how Earth scientists look at the records of
past environmental changes preserved in ice-block melt depressions.
These were labelled “The Waterloo Moraine” and “Kettle Lakes”.
By activating a push button (left) a soundtrack (about 90 - 120 seconds)
explains the signif-icance of the moraine, the late Quaternary history of
ice retreat and the kettle lakes of the region.
Both of these signs have become incorporated into the general flow of the
GeoTime Trail but are located slightly off the main pathway so as not to
confuse the geological order of the Trail.
The GeoTime Trail (Phase 1)
The GeoTime Trail will be a closed
loop covering a distance that can be
walked in 1 to 1.5 hours (a reasonable
distance for a healthy workout).
Participants can walk either way along
the Trail although it would be sensible
to walk from the origin of Earth toward
the present (i.e. clockwise) to see the
gradual evolution of the planet as
events occurred. However, at this time
only the last part of the trail is signposted. For this reason it would be
appropriate to start the walk at the
“Waterloo Moraine talking sign”
(Figure 1), and walk toward the end of
the Trail. As explained above the Trail
will be completed over the next few
years as the Vista Hills development
takes place on the west side of the
Forested Hills. Funding for Phase 1 of
the Trail was provided by the Canadian
Geological Foundation and the City of
Waterloo.
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The Opening of Phase 1 of the
Geotime Trail
The Waterloo GeoTime Trail was
opened on Sunday, October 21, 2007.
The weather was fantastic; - blue skies,
not a cloud in sight, and warm at 23º C.
The crowd assembles just prior to the opening
ceremony. City dignitaries, members of the
local universities and citizens from several
surrounding communities gathered on the
Westside of Waterloo. Waterloo is also
celebrating its 150th Anniversary as well as
being named as the World’s Top Intelligent
Community in 2007.

The “official” ribbon cutting ceremony. (From
left to right; Brenda Halloran, Alan Morgan,
David Johnston and Terry McMahon).
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sediments and there are multiple time
breaks in the stratigraphy of the region.
However, rocks of Silurian age and
older are present in the subsurface and
many of the deeper water wells and oil
and gas exploration wells in the region
have penetrated rocks of Paleozoic age
and some have reached the
Precambrian “basement” some 850
metres below the ground surface.

The opening was attended by well over
200 people. Over 150 completed the 3.0
km roundtrip walk from the ribbon
cutting area to the start of the trail. The
ribbon cutting ceremony was conducted
by Mayor Brenda Halloran representing
the City of Waterloo and the University
by David Johnston (President), Terry
McMahon (Dean of Science) and Alan
Morgan (Professor, Department of
Earth and Environmental Sciences).
Following the ribbon cutting a piper led
the way to the first sign; - illustrating
what happened at the time of formation
of the geologically oldest rocks beneath
the region about 1.3 billion years ago.
Phase 1 of the GeoTime Trail has
resulted in ten signs that cover the last
1,300 million years of geologic time.
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City of Waterloo surveyor (and piper), Finley
MacLennan, leads the way at the opening of
the GeoTime Trail. The local CTV station
(CKCO) video crew joined over 150 participants
along the GeoTime Trail to the first sign.

This time frame represents the oldest
rocks below the Waterloo Region.
Unfortunately rock sequences are not
exposed in Waterloo because the area is
covered in a thick sequence of glacial

The third oldest time frame sign erected in
Phase 1 illustrates how the region might have
appeared 600 million years ago. The sign
shows a time scale bar across the top with an
oval circle in yellow that marks the position of
both the time represented and the distance to
the end of the Trail. Additional “Science facts”
are provided for that time frame and the logos
of the supporting groups are in the bottom
right.
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The unveiling of the first sign. (Image by Anne
Morgan).

At the first sign Alan explained the
rationale of the Trail, where every
metre represents one million years and
each centimetre, 10,000 years. Local
television cameras recorded parts of the
opening and the first 700 million years
of the Trail with some interviews with
University of Waterloo President David
Johnston and a student representing
WATROX, the geological club at the
university. This was aired on Sunday
evening (October 21, 2007) on the local
CTV station. Following the explanation
Finley MacLennan filled his lungs (and
the bagpipes) and led the crowd onto
the second sign.
The eighth sign, 600 metres from the
end of the Trail illustrates events at 600
million years ago during Ediacaran
time. The front cover illustration
shows one of the panels showing ocean
life at that time.

Devonian rocks, placed as retaining walls along the Trail are richly fossiliferous with corals, - both
solitary and compound, stromatoporoids, brachiopods, gastropods and crinoid remains.

At each of the following signs Alan
explained what was represented on the
signs and how this fitted into rock
sequences that appear in southern
Ontario from the Niagara Escarpment
west to the shore of Lake Huron.
The ten signs that illustrate the
geological story of the region are based
either on local rocks that can be seen

nearby, for example at the Elora Gorge
or on the Niagara Escarpment, and time
frames that show features of geological
interest elsewhere in the world.
Examples cited are from Australia,
different parts of Western Canada and
the United States and from Europe.
Parts of the GeoTime Trail that are
steeper are graded for wheelchair access
and these sections are hard surfaced

Top right) one of the illustrations showing what the Waterloo Region would have looked like in the Devonian Period 400 million years ago. (Lower left)
Stromatoporoid showing mammalated surface. (Lower centre) Solitary horn corals. (Lower right) Spiriferid brachiopod. All these fossil images are from the
retaining blocks along the Westside Trail and are from quarries in the Woodstock area, Ontario. They illustrate marine life in the Devonian Period.
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and lined with fossiliferous rock slabs
of Devonian age from just west of
Waterloo.
The last sign represents the Quaternary
Period, the time frame when humanity
appeared and an explanation was
provided that illustrated humanity’s
place on the planet at this point in
geological time. Here Alan reemphasised the time frames of the Trail
where each millimetre represents 1,000
years. The whole of human history
from the city states of Ur and Sumer
are present in the last 5 mm of the Trail
whilst the earliest human communities
date back the last single centimetre of a
4.5 kilometre trail. The European
settlement of the Waterloo Region took
place 0.2 mm from the end of the Trail.
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One of the principal objectives of the
GeoTime Trail is to provide a learning
tool for students of all ages to try to
relate to the immensity of geological
time; - where geological periods start
and end, when different biological
organisms appeared on Earth and
when major catastrophic events took
place and when (and how) economic
mineral deposits such as the Sudbury
impact at 1.85 billion years were
created. In this way students can
more easily relate to the place of
humanity on Earth. For example, as
mentioned above, all of human history
in terms of agriculture and urban
settlement takes place in the last 10
cm of a trail that is almost 4.6 km
long! The relationship of dinosaurs to
humans can also be clearly seen when

dinosaurs vanished 65 m from the end
of the Trail.
The last sign on the GeoTime Trail is
placed in the last metre or so of the
Trail and represents “modern” time.
National significance
The Waterloo GeoTime Trail is the first
of this type in Canada and is one of the
projects outlined in the Canadian
contributions to the IUGS/UNESCOsponsored International Year of Planet
Earth that will take place in 2008.
Expressions of interest in adopting the
concept have been informally received
from Edmonton, Montreal, Saskatoon
and Halifax. Ultimately it is hoped that
“GeoTime Trails” with as many as 40
or more signs will be established in
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Matachewan Porphyry
Donated to the Peter Russell Rock Garden by the Central
Canadian Federation of Mineralogical Societies in 2007
Bill Plavac and Peter Russell
EXTRACTION AND DELIVERY OF
MATACHEWAN PORPHYRY TO
UNIVERSITY OF WATERLOO BY
THE CCFMS PROJECT TEAM
On November 2, 2007, four members of
the CCFMS and two local Matachewan
contractors set out to extract several
large boulders of Matachewan Porphyry
from a site in the Bannockburn
Township near Matachewan in the
Kirkland Lake area of Ontario.
The Matachewan Porphyry is made
of pink to cream rectangular feldspar
phenocrysts from .6 cm across to
2.5 cm ( 1/4 to 1 inch) floating in
a dark grey to black country rock.
The Team arrived with backhoe, float,
blasting equipment, diamond saw,
Pionjar drill and small tools ready for
any issue that might make extraction
difficult. The backhoe operator quickly
went to work and removed trees and
rocks that were in the way of successful
extraction of the specimens.

Continued from page 13
many parts of Canada and perhaps
elsewhere in the world.
Future expansion of the GeoTime
Trail
Phases 2 and 3 will see the development
of the booth for the start and the end
point of the 4.56 km loop trail together
with the creation of an additional 30
signs and specific markers that will
illustrate additional points in the
history of Planet Earth. Phases 2 and 3
will follow as the Trail is gradually
expanded over the next few years. A
web site is being created to further
explain the GeoTime Trail.
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After several hours of work
to clear a way for removal
of the specimens, the first
large piece was successfully
removed from the outcrop.
The .90 m by .90 m by
1.2m (4 ft by 4 ft by 3 ft)
piece weighing several
tonnes was destined for the
University of Waterloo.
Several hours later four
more large pieces of
Matachewan Porphyry
were successfully removed
from the outcrop and
loaded onto a flatbed truck
with the backhoe. They
were transported to the
town of Matachewan ready
for loading on November
5,2007 on a transport truck
headed for Waterloo and
Peterborough.
On November 9, 2007, the
University of Waterloo
specimen was unloaded and
planted in the university’s
Rock Garden.
Members of the Team
were:
CCFMS: Bill Plavac, Doug Dingeldein,
Bob Beckett, John Calder
ON SITE: JP Boucher, Gerard
Bernatchez
Matachewan Porphyritic Diabase
Formed during early Proterozoic
volcanism 2.45-2.47 Ga. This rock was
injected into the Superior Province
crust as part of the Matachewan dyke
swarm. This dyke swarm is one of the

largest plume-generated radiating dyke
swarms on Earth and covers over
300,000 km2. It consists of three
smaller swarms, which radiate from
the Sudbury area.
To begin the process of dyke formation
the Canadian Shield were subjected to
stresses as a mantle plume of molten
magma 1000 km in diameter pushed up
against the brittle crust causing
radiating cracks to appear. Mantle
plumes are formed as hot rock from the
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mantle moved upwards, partly melting
when they reach shallow depths in the
Earths crust. The plume pushed up
against the crust centered north of
Barrie, Ontario, forming cracks
trending northwest. These radiating
cracks filled with diabase and other
volcanic rocks from the reservoirs
below.

crystals formed and were removed from
the magma, the chemistry of the liquid
changed and smaller crystals grew. This
process is called fractional
crystallization.

The dykes on the
Matachewan area are
approximately 20m wide and
are about 700 to 800
kilometres long. Dykes
forming today on Iceland
with a width of one metre
move along the fracture at
about one kilometre and
hour. The Matachewan dykes
may have taken a month to
flow along the entire length
of the swarm.
References
Fractional Crystallization
http://www.earth.northwestern.edu/pe
ople/seth/demos/FRAC/frac.html

As the lava flows into the fractures forming the
dykes the lava cools against the surrounding
rocks forming chilled margins. This example is
from the Isle of Skye, Scotland.

Fractional Crystallization
The magma in the reservoirs interacted
with rocks forming the magma chamber
to produce rocks of different chemistry.
As the magma cooled some minerals
started to crystallize. In this rock large
feldspars grew. This magma then
erupted and formed the porphyritic
rocks such as our diabase. As the

A Volcano of a Different Kind
Alan V. Morgan

trange and catastrophic events take
place on our world on a regular and
ongoing basis. Most of these are events,
especially the larger ones, are “natural
phenomena” caused by the shudders and
burps of our planet, but sometimes these
catastrophes are triggered by human activity.

S

Occasionally these causes are inadvertent
— perhaps involving some unfortunate
and perhaps un-thought of combination of
circumstances that led to disaster. The
Frank Slide in Alberta might be one such
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example. However, on other occasions the
disaster was created by humans “who
should have known better”.

spectacular and pose an ongoing and
expensive threat to the immediate
neighborhood of the steaming vent.

One of these, appearing in news items
over the past few years, is the Indonesian
mud volcano, nick-named “Lusi” near
Surabaya, in East Java. The “volcano”
first erupted on May 29th 2006 after the
Indonesian oil and gas exploration group,
Lapindo Brantas, drilled an exploratory
well that was inadequately protected from
blow out. The results have been

Mud volcanoes are not unusual features.
They occur in various parts of the world
and have been previously described in
Wat On Earth. The term is a catch-all,
describing phenomena that range from
small-scale mud pots that bubble gases
and fine mud in volcanic regions (for
example, Iceland or Yellowstone; Fig. 1),
to undersea methane vents from subsea
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Figure 1: Water and mud pool in decomposing rhyolite, Kerlingarfjöll,
Central Iceland.

clathrate deposits to onshore releases of
gases from hydrocarbon deposits, such as
those on the Aspheron Peninsula in the
Baku region of Azerbaijan, the area of the
world’s first modern oil wells (Fig. 2).
Lusi (derived from the Indonesian name
for mud (Lumpur) and Sidoarjo (the
small town in the province of Porong) is
an example of the latter (Fig. 3).
What caused the disaster and could it
have been prevented?
It appears that Lapindo Brantas had
targeted a gas horizon contained within
the Kujong Formation carbonates. This
unit is over-pressurised and the lower
drill string that entered the formation at
2,834m depth was not cased; a normal

procedure in areas of oil and gas
exploration. At 5 a.m. on May 29th a
small blowout of water, gas and mud
occurred some 200 m southwest of the
well. The cause is assumed to be hydrofracturing of the overlying units that
allowed the pressurized water, gas and
mud to flow to the surface.
The physical results over the past 19
months have been spectacular; the
economic effect for the region devastating,
and, for the local inhabitants, absolutely
catastrophic.
In September 2006 the flowing mud broke
through an emergency dyke system
flooding paddy fields inundating almost
2.5 square kilometres and displacing
11,000 villagers from eight villages near

Figure 3: Lusi in 2006 showing the main vent, areas of inundation and
temporary dykes.(Wikipedia).
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Figure 2: A small methane bubble breaks the surface of a mud volcano
in Baku.

the vent. Two months later at least 11
people were killed from a pipe-line
explosion, likely caused by susbsidence in
the area. By February 2007 the mud flows
had covered 3.6 km2 and were up to 10m
thick (Fig. 4). Four small villages had
been buried together with 25 factories, a
cemetery, 15 mosques and 18 schools, a
major toll road as well as smaller roads
and a railway line.
By the end of January 2007 the mud
volcano was producing between 7,000 and
150,000 m3 of mud per day (some
5,000m3/day in June; 25,000m3 in July;
50,000m3 in August and 120,000m3/day
in September). Since that time geologists
have shown that the eruption was a manmade event and not connected to the
major 6.3 magnitude Yogyakarta

Figure 4: One of the small adjacent villages flooded by mud and water from
Lusi. (Wikipedia).
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earthquake that occurred some 300 km
away two days before the blowout as
suggested by company officials. Lapindo
Brantas was subsequently asked to pay
close to US$277 million as compensation
and over US$144 million in additional
costs to seal the well.
Commencing on February 27th 2007 large
concrete balls weighing about 70kg each
and chained in groups of 4 were dropped
from a crane into the main vent in the
hope that this would stop the flow of
mud. This effort was stopped on March
31st.
By the end of March the mud volcano had
grown to a height of 14m (46 feet), while
the surrounding land had sunk about
30cm from the start of the eruption. The
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inundation zone had expanded to 6 km2.
Efforts to channel the mud into a nearby
river and from there to the sea were
relatively unsuccessful because of the
viscosity of the mud.
In May 2007 engineers decided that a 15
storey dam some 10m (33 feet) thick and
120m in diameter would be built around
the volcano. The containment walls will
consist of two rings of thick steel pipes
encased in concrete up to 48m (158 feet)
high. The facility will have a water
extraction unit that will take the liquid
component via a chute to a nearby river
for disposal while the more solid fraction
would remain to act as a sealing “plug”
over the main vent area. The dam is
expected to take 8 months to complete

and a geology museum and a park will be
added.
The latest information shows the area of
inundation to be about 7km2 (Fig. 5) and
projected to go to 10km2. The clean-up
costs are expected to go to more that
US$1 billion. There is a chance of major
subsidence in the area and undoubtedly
there will be more to this story in years to
come.
Alan V. Morgan.

Figure 5: Ikonos satellite view showing
Lusi and surrounding area. The main Bali
toll road can be seen broken by flooding
in the centre of the image. Factory and
housing complexes (top) are in white
where a retaining dyke collapsed and mud
has started to dry out. Retaining dykes
are shown and the vent area is being
circled for a major dam wall.
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International
Year of Planet
Earth 2007-2009
Introduction
The idea of an International Year of Planet
Earth (IYPE) was launched in 2000 at an
IUGS Council meeting. Proclamation of an
International Year was seen as a potentially
powerful means of demonstrating how society
could benefit from the accumulated knowledge of the solid Earth as part of System
Earth. Support was provided by UNESCO’s
Earth Science Division, making it a joint initiative by IUGS and UNESCO. After broad
consultation, it was decided in 2002 to seek
proclamation of the International Year of
Planet Earth by the General Assembly of the
UN, with a view to providing the best possible
exposure to national governments.
On August 26, 2004, the joint Council of
IUGS and the International Geological
Congress, together representing Earth science
communities in 140 countries and regions,
adopted a Declaration on the International
Year. This invited UNESCO’s Executive Board
to adopt an International Year of Planet Earth,
considering that:
the geosciences can contribute significantly to
a safer, healthier and wealthier world;
this potential contribution is seriously underused by society and should be substantially
increased;
Proclamation of an international year under
the aegis of UN member states would help the
Earth sciences to make their full contribution
to the sustainable stewardship of the planet.
Proclamation of 2008 as the International
Year of Planet Earth was effected at the UN
General Assembly in New York on 22
December 2005. At least three years will be
needed to realize most of the extensive science
and outreach plans, and the Year’s triennium
will run from 2007 to 2009.
IYPE is an ambitious program of outreach and
research activities designed to raise global
awareness of the vast (but often under-used)
potential of Earth Sciences to improve quality
of life on the planet. The program envisages a
significantly expanded role for the Earth
Sciences in building a healthier, safer and
wealthier society. The aim is encapsulated in
the Year’s tag line: “Earth Science for Society”.
The program is based around ten scientific
themes: Groundwater, Hazards, Earth and
Health, Climate, Resources, Megacities,
Ocean, Deep Earth, Soil – Earth’s Living Skin,
and Earth and Life, with a strong emphasis on
outreach to ordinary citizens of the planet.
More information can be obtained at
www.yearofplanetearth.org.
The Canadian National Committee and
its Plans
National committees have been established in
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more than sixty countries.
The Canadian National Committee (CNC)
was established in late 2006 under the
Chairmanship of John Boyd (see
www.iypecanada.org for a full listing). It
released its first brochure in time for the May
2007 meetings of Canadian Earth science societies and has recently released a new one
aimed at fund raising (this latter version is
available as a download under “Media Kit” at
the national web site – see above).
The CNC has adopted a theme entitled:
WHERE on Earth, WHERE in Canada in
which WHERE stands for Water, Hazards,
Energy, Resources and Environment. It will
focus its effort on increasing public awareness
of Earth Sciences in Canada. To that end,
projects have been solicited from across the
country and fund raising is currently in
progress to support the projects. About twenty
proposals have been made including a new
popular book on the Geology of Canada called
Four Billion Years and Counting: Canada’s
Geological Heritage (for more information
please visit http://cfes-fcst.ca/fby/). The book
will be a joint product of the Canadian
Federation of Earth Sciences and a private
publisher, yet to be identified. It will be published in late 2008. Other proposals include a
web site to give details to junior high and high
school students on Earth Science careers,
Earth Science through music in the schools, a
national lecture tour, a national contest on
awareness of the importance of resources in
our lives, workshops for teachers of Earth
Sciences, facts sheets on Earth Sciences as
well as several regional projects in different
parts of the country. One of these is the
Waterloo GeoTime Trail mentioned elsewhere
in this issue.
Former Canadian astronaut, Dr. Roberta
Bondar is the Honorary Patron of IYPE in
Canada.

minerals. The fact sheets were put together by
a team of authors based at the Geological
Survey of Canada in Calgary, with contributions from specialists in many institutions.
A poster on the mineral and energy resources
required to build and run a snowmobile has
been released by Mining Matters of the
Prospectors and Developers Association of
Canada in association with staff from the
Geological Survey of Canada. This handy
poster provides information on the minerals
required to build a snowmobile and where in
Canada and elsewhere in the world they can
be found.
Another recent release is the Northern British
Columbia Geological Landscapes Highway
Map a joint project of the B.C. Geological
Survey and the Geological Survey of Canada
(B.C. Geological Survey, Geofile 2007-1; see
also www.geoscape.nrcan.gc.ca. This is a basic
geological map with descriptions of all the key
geological regions and a compendium of sixtyeight photographs of a variety of geological
localities along the highways of northern
British Columbia. The map covers the area
from Kitimat and Quesnel north to the border
with the territories and includes the Queen
Charlotte Islands.
A poster has been prepared for display at the
many scientific meetings that take place in the
last quarter of the year.
Get Ready and Get Involved
The success of the year will depend on both
the accomplishments of the fund-raising campaign and the degree to which Canadian Earth
scientists support the various IYPE ventures.
If all goes well, it could be a banner year for
Earth science that results in many products
that will serve to enlighten Canadians for
many years to come.
Godfrey Nowlan, Program Chair, IYPE

Some Completed Projects
A number of projects have already been completed. Canadian IYPE was a co-sponsor of a
new Canadian Broadcasting Corporation fivepart television series called A Geologic
Journey (www.cbc.ca/geologic).
The series was shown in
September and October 2007 and
an advertisement for IYPE was
shown twice during each airing
of the shows.

Figure 1: Roberta Bondar, honorary patron of
IYPE Canada and Alan Morgan at a meeting
at the University of Waterloo.

A series of thirty-two fact sheets
on Mineral and Energy resources
has already been released on the
Geological Association of Canada
web site at:
www.gac.ca/populargeoscience.
These are available for free
download and are a valuable
source of simple information on
many resources topics including
such things as gas hydrates, uranium, oil sands, gemstones, mineral deposits and industrial
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Mineral Two on Mohs’ Scale (or)
Some really BIG Selenite Crystals
trust that most people noticed the
spectacular image on the inside cover of
this issue of What On Earth. I must
admit that when I received this photograph
together with several others about a year
ago from a friend in the United States my
initial reaction was … “Well, someone HAS
been busy with Photoshop!” However, a
little checking on the web revealed that
these are genuine photographs and they tell
a very unusual tale of an interesting locality
in Mexico.

I

Now I (like many of you) have found
individual selenite crystals before. In
fact selenite and its more massive and
shiny siblings (gypsum and satin spar)
were some of my favourite mineral
finds as a child growing up in the
vicinity of sequences of Triassic marls
in South Wales. On my Saturday
afternoon walks back from the National
Museum of Wales in Cardiff, my coastal
route took me along the cliffs at
Penarth where nodules of gypsum were
falling out of the face, and, if I was
really lucky, I could find veins of Satin
Spar. Later in my geological career I
found even larger gypsum crystals
developed in mudflows derived from
Figure 1: A Selenite (CaSO4.2H2O) crystal.
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Jurassic and Tertiary shales in the
Midlands and Eastern England
(Figures 1 and 2) and finally saw some
really large crystals exhibited in Tuscon
(Figure 3). However, all of them pale in
comparison to the specimens found at
the Naica Mine in Chihuahua, Mexico.
The Naica mine is situated at 27° 50' N,
105° 29' W; approximately 470 km
south of El Paso, Texas. Located in
carbonate rocks the mine has been
exploited for galena, sphalerite and
silver within skarns in the Cretaceous
limestones of the region. High
temperature (55ºC) calcium carbonateand calcium sulphate-charged
groundwater have been brought into
the limestone along two large fault
systems known as the Gibraltar and
Naica Faults. The hydrothermal waters,
likely emanating from, or passing near,
regional magma bodies are responsible
for the deposition of the calcite and
gypsum minerals — selenite and
anhydrite — as well as the economic
ore bodies.

The Naica Mine was first exploited in
1794 by prospectors who discovered
silver. By the late 1800s it was being
examined as a source of lead and zinc
ores and the mine was formally opened
in 1900. The Mine was closed in 1922,
reopened in 1935 and was taken over
by the Penoles Group, the current
owners, in 1961. The Naica Mine’s
large gypsum and calcite crystals (The
Cave of the Swords) have been known
since 1910 (Foshag 1927) and another
similar occurrence at the Potosi Mine in
Santa Eulalia, near Chihuahua, about
100 km north of Naica, was discovered
in 1912 .
In 1910 selenite crystals between one
and two metres long were recorded
from the Maravilla property (now
within the Naica Mine) and the
adjacent Lepanto property at depths of
about 120m. It was assumed by Foshag
(1927) that the cavities that housed the
crystals were created by surface water
dissolution and also owe their origin to
the oxidation of sulphide ores. He was
not able to resolve how the crystals that
are now found in air-filled cavities were
formed.
Figure 2: Selenite crystals from central England.
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More recent and far deeper mining
exploitation set the stage for the latest
discoveries within the mine at the 300m
(1,000 feet) level. In 1999 the Penoles
Group calculated that regional water levels
had been sufficiently lowered to allow
penetration of the Naica Fault. On
December 4th 1999 Juan and Pedro
Sanchez were drilling a new tunnel that
broke through into a steam-filled cavity
that houses the giant selenite blades in the
Cave of the Crystals (illustrated on the
inside front cover). The crystals were truly
spectacular with grey white and

translucent forms more that 10m long and
up to 2m in diameter. These are amongst
the largest crystals ever recorded. Thanks
to the forethought of the mining engineer,
Roberto Gonzales, action was swiftly
taken to minimize any damage to this
natural wonder.

The cave has been visited by a number of
photographers and cave exploration
groups and attempts are reportedly being
made by the Penoles Group to open the
cave to the public through installation of
electrical lighting and air conditioning.
Perhaps more on this later.

The “Cave of the Crystals” is now
protected by an iron gate to prevent
vandalism and looting of the crystals
although the ambient conditions inside the
cavern (60°C and 100% humidity) almost
provide a sufficient natural deterrent!

Reference: Foshag, W.F., 1927. The
Selenite Caves of Naica, Mexico. Amer.
Min, V. 12, pp. 252 – 256.
Alan V. Morgan.

Figure 3: (Left) A group of Selenite “swords” about
1 m long in the Tucson Desert Museum.

Figure 4: (Right) A person exploring the Naica Mine
with giant crystals in foreground.
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