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Earth Science is the study of the Earth and its neighbors in space. It is an exciting science with many 
interesting and practical applications. Some Earth scientists use their knowledge of the Earth to locate and 
develop energy and mineral resources. Others study the impact of human activity on Earth's environment, 
and design methods to protect the planet. Some use their knowledge about Earth processes such as 
volcanoes, earthquakes, and hurricanes to plan communities that will not expose people to these dangerous 
events.  Geology is the primary Earth science. The word means "study of the Earth." Geology deals with 
the composition of Earth materials, Earth structures, and Earth processes. It is also concerned with the 
organisms of the planet and how the planet has changed over time. Geologists search for fuels and minerals, 
study natural hazards, and work to protect Earth's environment.  Since about 1980, an important paradigm 
has emerged in the geosciences, analogous to the plate tectonics revolution of the 1950s and 1960s. This 
paradigm, called "Earth System Science" or simply "Earth System," acknowledges that changes in the solid 
earth (land - lithosphere or geosphere) result from interactions among the atmosphere (air), hydrosphere 
(water, including oceans, rivers, ice), biosphere (life) and the lithosphere. (In these Starting Point pages, 
two additional elements are also included. These are the human dimension (or anthroposphere) and the 
solar system and interplanetary space (or exosphere). A good example is the increasing awareness of the 
role of microbes in generating ore deposits. Another example is the way tectonics influences weathering 
rates, which in turn affect global climate.  Earth System Science also includes studies of the ways energy 
and materials cycle through the different "-spheres" as well as the workings of climate and the biosphere. 
Solid earth geoscientists will be familiar with "The Rock Cycle" which appears in almost every introductory 
geology book. Earth system science, by contrast, shows how elements like carbon or energy sources like 
solar radiation cycle through the lithosphere and all of the other "-spheres."  Today we live in a time when 
the Earth and its inhabitants face many challenges. Our climate is changing, and that change is being caused 
by human activity. Earth scientists recognized this problem and will play a key role in efforts to resolve it. 
We are also challenged to: develop new sources of energy that will have minimal impact on climate; locate 
new sources of metals and other mineral resources as known sources are depleted; and, determine how 
Earth's increasing population can live and avoid serious threats such as volcanic activity, earthquakes, 
landslides, floods and more. These are just a few of the problems where solutions depend upon a deep 
understanding of Earth science. 



 

Note from the Chair 
 
 

Greetings from Earth and Planetary Sciences!   

The past year has seen a lot of change in our department – notably Professor Al Mucci has finished 
his term as Chair. Through two terms as the department Chair, Al did a masterful job at steering 
and guiding our department. While many things have not changed (such as the incredible annual 
Willy Field Trips and Cookie Time every afternoon), our department has undergone exciting 
renewal over the past few years. The number of faculty members has grown from 12 to 16 and the 
number of graduate students has almost doubled. We are all very grateful for all of the time and 
service that Al has given to our department. 

Although I have only been Chair for 6 months, I have a long history with Earth and Planetary 
Sciences. I was an undergraduate student in the department (B.Sc. ‘97), including an unforgettable 
summer as a field assistant for Professor Andrew Hynes. After graduate studies at Syracuse 
University and a postdoctoral fellowship at The Ohio State University, I returned to the Adams 
Building as a Faculty member in 2006 as a Professor of Hydrogeology and Earth System Science. 
It is a great honour and responsibility to be head of our illustrious department. 

In the past year there have been some major changes in the department. Professor Peter Douglas 
started this past semester. His research focuses on isotope geochemistry, and expands our expertise 
in climate reconstruction and earth system science. Also, Profs Boswell Wing and Rebecca 
Harrington departed for new and exciting opportunities in the United States and Germany 
respectively. They are greatly missed, and we wish them the best of luck!  

An important strength of our department is the undergraduate program. As I’m sure you remember, 
field schools and field research are a critical component of our teaching and research program. In 
the past year we have had students in field schools in Nevada and France, field trips in South 
America, Europe, Canada, and Africa, and graduate field research across the globe. These amazing 
field opportunities are thanks to many generous gifts from our alumni. 

If you are interested in supporting our department, or just want to hear more about what we are 
doing, please do not hesitate to contact me (jeffrey.mckenzie@mcgill.ca). I hope to meet many  
alumni at the PDAC reception on Tuesday, March 7, 2017 in Toronto! 

 

Jeff McKenzie 
Chair 



New Faculty 
 
Peter Douglas - Assistant Professor 
 

 
 

I am an isotope and organic geochemist, and I joined the Earth and Planetary Sciences Department 
in August 2016.  My research using measurements of isotope ratios in individual organic molecules 
to understand changes in the Earth’s water and carbon cycles and their relationship to climate 
change.  Both the water and carbon cycles are highly sensitive to climate change, with important 
implications for both the future of global water resources and possible carbon-cycle feedbacks to 
global warming. Isotope measurements of organic molecules preserved in sediments are a 
powerful tool for reconstructing how water and carbon cycling changed in the past, as well as for 
characterizing the small-scale mechanisms that control how water and carbon move in modern-
day environments.  

I am currently in the process of setting up state-of-the-art sample preparation and isotope-ratio 
mass spectrometry laboratories in the EPS department that will facilitate my research program in 
molecular isotope analyses, and which will be very complementary to the excellent isotope and 



analytical geochemistry facilities in the department. My research program is going to focus on 
three related themes: (1) developing records of past changes in hydrological parameters and their 
relationship to global climate change on timescales from thousands to millions of years; (2) 
identifying the key processes controlling the export and burial of terrigenous organic carbon in 
lake and coastal sediments; and (3) applying isotopic analyses of microbial lipids as tracers for 
methane sources and sinks in a wide range of surficial and geological environments.  

I began my career in the Earth sciences with a bachelor’s degree in Geology from Pomona College. 
After a stint teaching English in Namibia, I earned my Master’s and Doctoral degrees at Yale 
University. Most recently, I was a postdoctoral fellow at the California Institute of Technology. 
While much of my graduate research took place in the tropics of Central America, as a postdoc I 
began working in Arctic environments, and I am excited to develop new opportunities for field 
work in Arctic and Subarctic environments in Quebec and the Canadian High Arctic. The Arctic 
is an especially important region to study water and carbon cycling, since the high latitudes are 
warming much more quickly than the rest of the planet, and it is still unclear what effect this will 
have on Arctic hydrology or the large carbon reservoirs stored in frozen soils. While new to 
Canada, I’ve been enjoying Montreal immensely so far, and I’m looking forward to exploring 
more of the country through fieldwork and other travels. I’m also excited to begin mentoring and 
teaching students in the EPS department, and to contribute my expertise to the interdisciplinary 
training offered in the Earth Systems Science major. 

 
 
 
 
 
 
 



Colloquium in Honour of  
Reinhard Hesse  

on the occasion of his 80th Birthday 
Ludwig Maximilians University 

Friday, April 15, 2016 
 

 
 

Alumni/ae, friends and relatives of Reinhard Hesse, colleages, students and members of the 
Munich Geocentre and LMU Team of Geology gathered to attend a Colloquium entitled 
Turbidites-Dropstones-Clathrates in honour of  Professor Reinhard Hesse on the afternoon of 
April 15, 2016 from 13:15 – 18:00 at the Geological Institute, Ludwig Maximilians University, 
Luisenstr. 37, 80333 München. 
 
 
Turbidites-Dropstones-Clathrates Colloquim Program:     
 
 
13:15   Welcome  

Anke Friedrich (LMU Munchen) 
 
13:30  Talks and Laudatio   
 

Daniel Bernoulli (ETH Zurich and Basel University)    
Ophicalcite: Tectono-sedimmentary breccias related to the exhumation of the earth' 
mantle 

 
Jörn Thiede (St. Petersburg University/RF; Geomar Kiel) 
Enigma of the early Cenozoic glaciations 

 
Reinhard Gaupp  (Friedrich Schiller University, Jena) 
Sandstone petrology and the energy supply of the future 

 
Bernd Lammerer (LMU Munchen) 
Laudatio  

 
16:45  Response of the honoree, Reinhard Hesse, and reception 



 

 
 

 
 
 



Classroom Renovations 
Adams 211 

May – August 2016 
 

Then and now … 
 

    
 

        

     



 

     
 

     
 

     
 



 

    
 

    
 

    
 
 
‘Then’ photos courtesy of John Stix. 
 



 
 

Peru Field Trip 
 Lima, Cordillera Blanca, Supe Puerto 

01-08 May 2016 
 
 

 
 

1st Row:  Wonjun Cho, Charlotte Hings, Kevin Tatryn, and Kathryn Elmer 
2nd Row:  Morgan Sadler, Anne-Sophie Fortin, and Andrew DiNunzio 

 

 
 
 
 



Formation of the Cordillera Blanca 
Anne-Sophie Fortin (ESS U2 Student) 

 
Part of the Andes mountain chain, the Cordillera Blanca is a mountain range long of 180 km that contains more than 
15 peaks above 6 km. Located in the Ancash region of Peru, a region of northern Peru, the Cordillera Blanca is 
bounded by a distinct dipping normal fault, that is to say that the rock mass above an inclined fault moves down, with 
considerable displacement and seismic activity (Giovanni et al. 2010).  
An important tectonic responses of lithosphere thinning is extensional crustal detachment that often have very large 
displacements along detachment surface (Liu et al. 2008), that is the surface along which a large-scale thrust fault 
moves (Skinner, B. and Porter, S. 1989). An example of this is the well-defined normal fault of more than 120 km that 
is observed in the Cordillera Blanca with exposed vertical structure that goes up to 2.5 km (Giovanni et al. 2010).  
 
The Cordillera Blanca is the first reported active detachment fault above a recent flat slab (McNulty and Farber, 2002). 
The slab is the result of the subduction of the Nazca plate under the South American plate. McNulty and Farber (2002) 
explain the detachment faulting by the buoyant forces due to the subduction of the 17 km thick Nazca Ridge. That 
drove the footwall uplift that occurs in the Cordillera Blanca. Maximum buoyancy force happened 3.5 Mya when the 
Cordillera Blanca overrode the Nazca Ridge sub horizontally across a width of 300 km. The fault is still described as 
active even if there is a lack of historical seismicity that constitute a singularity within the Andean orogeny, process 
by which large regions of the crust are deformed and uplifted to form mountains (Skinner, B. and Porter, S. 1989), 
where the dominant mechanism is compressional (Margirier, A. et al. 2015). The lack of inclination of the slab and 
its thickness explains the absence of volcanic activity in most of the Peruvian region (see Figure 1).  
 
Crustal thickening beneath the central Andes is up to two times normal thickness and varies significantly along the 
mountain chain (Petford, N. et al. 1993). The batholith, a very large igneous intrusion extending deep in the earth's 
crust is at 6 km depth in the Jurassic sedimentary country rocks, has been unroofed by the crustal detachment 
(Margirier, A. et al. 2015). The large magnitude slip that occurs along the fault was thermally enhanced by 
emplacement of batholith, which was a heat source from 8 Mya to 3 Mya, because it was more ductile. That occurs 
prior to the flattening of the Nazca slab, which is on the southern coast of Peru (McNulty and Farber, 2002).  
 
Margirier, A. et al. (2015) contradict the models that involve for the most part extensional collapse by proposing that 
the normal fault is due to the tectonic feature that the shear have been reactivated after the slab flattening 8 Mya. Also, 
Giovanni et al. (2010) support that high elevation were already attained in the Cordillera Blanca during earliest normal 
faulting by looking at the values of paleolake water composition that shows very negative 18O values. Also, there 
is systematic correlation between carbon and oxygen isotopes due to bounded basin so they also look to the 
precipitation of 4 carbonate. Cold temperature would be needed for the precipitation of carbonate that occurred but 
we know that in the late Miocene, global temperatures were warmer than today. Therefore, elevation similar to modern 
was needed (Giovanni et al. 2010). 
 

 



Drivers of Past and Present Biodiversity Changes in 
the Peruvian Andes 

Charlotte Hings (ESS U3 Student) 
 

The Peruvian Andes are a biodiversity hotspot with 25 000 species of plants, 700 bird species, 450 mammal species 
and 2000 fish species. While most of these are in the Amazonian (East) side of the Andes, the West side has its fair 
share of this diversity, mainly in its vast montane forests. Of these species, 122 are threatened due to land use change, 
deforestation, melting glaciers and drought (local climate change). When exploring the biodiversity gradient of the 
Andes, it is important to understand the concept of species richness which is the total number of species in a particular 
total area. This paper will explore the general relationship of biodiversity and elevation, how landscape changes have 
shaped the biodiversity of the Marañón valley and Andean ecosystems at risk.  
 
Considering that the West Peruvian Andes are generally a desert ecosystem, many of the species that reside there have 
evolved adaptations for water conservancy and extreme temperatures. Temperature poses direct physiological 
constraints on many organisms as well as indirect constraints through food and resource availability. Many plants 
cannot grow in extreme aridity, however the plants that do grow, have adapted to the lack of moisture through the 
development of a variety of mechanisms including succulence, wide spacing (to reduce competition for moisture), 
allelopathy, deciduous habits, thorns, and rapid life cycles. Insect abundances are also limited by water availability, 
as many need small pools of water to lay eggs or for larvae to grow.  
 

 
Figure 1 Climatic model for elevational gradients in species richness of bats. A linearly decreasing temperature gradient and a unimodal water 

availability gradient. Bat species richness depicted in grey tones with darker tones indicating greater species richness (McCain 2006). 
 
 

 
Figure 2 Elevational species richness patterns for bats of western Peru using specimen data from 12 US museum collections in the MaNIS 

database. The line with circles represents the pattern for all species and the smooth line represents the pattern for only those species with 10 
specimens (McCain 2006). 

 
Water availability and temperature are therefore the primary influences on species richness, as the physiologies of 
organisms are adapted to particular ranges of conditions and their food (plants and insects) are also constrained by 
water and temperature. The water and temperature gradients of the  West Peruvian Andes can be observed in Figure 
1. Peak in water availability (precipitation), as determined by McCain (2006) is at approximately 1500 -2000m, and 
in many cases, species richness also peaks at this elevation. Below is an example of how bat species richness in the 
Andes is influenced by the temperature and water availability gradients (McCain 2006).  
 
Species diversity in the Marañón valley contains a very high level of endemic species richness, mainly in terms of 
plant species. In a study conducted by Särkinen et al. (2011), it was found to harbor nine endemic Mimosa species and 
about three more widespread species with their distribution shown below. This valley is also home to many endemic 
species of Inca-finches, scaled lizards, land snails, and harlequin frogs. Distribution of these species appears to be 
fragmented, with species occurring in isolated patches. When observing and comparing the phylogenetic trees of 



Andean Mimosa, as well as Coursetia, Poissonia, and Cyathostegia, the sequence divergence patterns and the presence 
of monophyly (each taxa containing all descendants of a single common ancestor in the narrowly restricted) in 
geographically isolated species suggests that these species have been isolated for a long time, but all originated from 
the same area (Särkinen et al. 2011). This is referred to as geographic speciation, in which physical isolation is the 
key component in splitting the single ancestor into two species. In addition, Särkinen et al. (2011) observed high local 
endemism, as well as high elevation habitats fostering narrowly restricted species. These results suggest that the 
species diversification over large time scales was largely driven by landscape features isolating populations, 
specifically the high Andean Cordilleras.  
 
As mentioned above, although the Peruvian Andes are home to a vast number of species, many are endangered. In 
Peru, ~75% of endangered species are protected by one of many national and international agreements and treaties 
that Peru is involved with. The Marañón valley has been deemed a biodiversity hotspot of global conservation priority 
because of its high number of endemic fauna and flora, but its dry forests are still largely unprotected. These species 
are at risk mainly because of human-induced climate change.  
 
Climatic studies of Peru and surrounding areas, have shown that general conditions are shifting toward being warmer 
and drier (Anderson et al. 2011). Shifts in precipitation patterns and type of precipitation (solid, liquid or mist) could 
cause increased erosion and landslides in some places, and severe drought in others. These changes will likely affect 
the abiotic functions of ecosystems as well as ecosystems that span the steep slopes of the montane or cloud forests 
(Anderson et al. 2011). Cloud forests are particularly vulnerable, because the structure and functioning of the 
ecosystems are dependent on the level of cloud bases, which is predicted to shift with climate change. Rising cloud 
bases could lead to decreased moisture in some areas. This has severe consequences on epiphyte species that have 
evolved epiphytic characteristics because of abundant moisture. These effects do not occur in isolation, as collapse of 
the base of the food chain (plants) tends to lead to trophic cascades (Anderson et al. 2011). 
 
In terms of aquatic ecosystems, rising temperatures and lower precipitation levels could result in diminished wetlands 
and lower dissolved oxygen levels. High temperatures will reduce the capacity of water bodies to dissolve oxygen, 
leading to increased mortality of many organisms with narrow temperature ranges organisms. As wetlands dry up, the 
habitat of many species is destroyed and they could even shift from carbon sinks to become potential carbon sources, 
further amplifying the effects of climate change (Anderson et al. 2011).  
 
Changes in the physical environment could also lead to contractions or expansions in species ranges in terms of area, 
and disappearance or migration of species. A recent study by von May et al. (2008) showed three frog species 
expanded their historical ranges to higher elevations because of recent deglaciation, while three other species migrated 
to other areas. Species shifting ranges and relocating themselves will have many (unknown) effects on ecosystems 
structure and functioning. It also leads to the creation of many no-analog ecosystems, for which there are many 
uncertainties about whether or not functional roles of shifting species will be replaced by new species migrating into 
ecosystems.  
 
Biodiversity of the Peruvian Andes has always been and will continue to be shaped by the climatic conditions 
(temperature and precipitation) and landscape features. Current climate change continue to put pressure on many 
ecosystems, particularly ecosystems that contain organisms with narrow temperature ranges and low resilience. 
Further climate changes could lead to changes in the landscape features and continuity, leading to isolation or even 
uniting of previously isolated species, highlighting the immense dynamism of these ecosystems. 
 

 
Figure 3 Distribution of Mimosa species in the Marañón Valley. 



 

 
Pastoruri Glacier, Cordillera Blanca, Peru 

 
 

 
Laguna Arestanraju, Cordillera Blanca, Peru 



 

Geohazards in Peru 
Kathryn Elmer (ESS U2 Student)  

 
Located in northern Peru, the Cordillera Blanca consists of granodioritic peaks up to 6500m with deep valleys that 
drain into the Callejón de Huaylas/Rio Santa valley. Due to the presence of the Cordillera Blanca fault, as well as the 
subduction of the Nazca Plate in the Peru-Chile Trench, this region is seismically active and prone to many different 
types of geohazards such as earthquakes, floods, tsunamis, landslides and avalanches. In 1987, more than 150 
associated tremors with magnitudes reaching 3.2 on the Richter scale were recorded within a span of 34 days (1).  
 

 
Figure 1. Map showing landslides triggered by the 1970 earthquake. The large black dot represents the quake’s epicenter.  

Small dots: rockfalls, rock and debris slides. 

 
The most extreme Peruvian earthquake disaster is that of the 1970 Ancash earthquake. On May 31, 1970 at 3:23pm 
local time, a magnitude 7.8 undersea earthquake struck 25km off the coast from the city of Chimbote, resulting in 
approximately 45 seconds of hard shaking. As the quake did not disturb the seabed, no major tsunamis occurred. 
However, this intense seismic activity resulted in slope failures throughout the affected region of 83,000km2 shown 
in Fig. 1 (2), causing several thousand landslides and avalanches involving bedrock, snow and debris. The glacier on 
the sheer west face of the north peak of Nevado Huascarán was destabilized and the resulting avalanche began to 
move rapidly down the peak and into the valley below, consisting of approximately 50 to 100 million m3 of rock and 
ice. The avalanche fell over 3650m at an average speed of 320kph (3). Within minutes, the avalanche had covered 
16km from Huascarán to the Rio Santa, where it blocked the river and temporarily caused it to back upstream and 
flood its banks. The towns of Ranrahirca and Yungay were buried by more than 4m of debris. More than 20,000 people 
were killed in Yungay with only 92 survivors, most of whom had retreated to the relative high ground of the town’s 
cemetery and stadium. The total death toll for the earthquake and related disasters reached over 70,000, with 25,600 
declared missing and over 143,000 injured, making it the deadliest seismic disaster in the history of Latin America 
(4).  
 
Many of the steep valleys in the Cordillera Blanca have lakes which developed behind unconsolidated glacial debris 
of rock and soil (moraines) acting as a dam. The potential failure of moraine-dammed lakes poses a threat to anything 
downstream, as the sudden release of the water from the lake can cause an aluvión, where detrital material is 
transported and deposited by the rushing water. This can occur suddenly and cause flooding with little warning. Four 
mechanisms for moraine dam failure can be seen in Fig. 2 (2), and include earthquakes and avalanches, which are 
known to be common within the area.   
 
Attempts to reduce the hazard of these moraine dams by changing water levels and dam structures artificially can have 
potentially unknown effects on the cause of the original hazard. Within the Cordillera Blanca, at least two engineering 
works have unintentionally trigged catastrophic discharge events. In 1953 at Laguna Tullparaju, an earth slide for 
artificially lowering the water level in the lake caused a 12m displacement wave to pour into an excavated trench and 
almost lead to the total failure of the associated moraine dam. The lake level fell 18m but the leakage stopped due to 
the resistant black glacial clay within the moraine and a temporary sandbag dam (2). In 1949-1950 at Laguna 
Jancarurish, Glacier Kogan had frequent ice avalanches that formed displacement waves that threatened to erode the 
moraine dam. Workers began to artificially lower the water level, unaware that the toe of the glacier had been 
supported by its natural buoyancy within the lake. Once that support was removed, the toe collapsed into the lake, 
causing a displacement wave that wiped out the engineering works and eroded the moraine until it failed completely. 



The lake level fell 21m, and the resulting aluvión killed at least 500 people and knocked a downstream power station 
out of operation for over a year (2).  
 
An example of successful implementation of major engineering works to prevent these hazards is that of Laguna 
Paron. The construction of a tunnel and underwater gate through the bedrock on the northern side of the lake help to 
control the water level, decreasing the risk of overflow (2). These structures have so far been successful, but there is 
no way of knowing how stable the 250m tall Hatunraju moraine dam is, as previous geologic surveys failed to reveal 
the exact structure of the moraine. Should it fail completely, an aluvión estimated at 50 million m3 could occur which 
would be large enough to destroy the town of Caraz 16km downstream.  
 
In a country with such great risks for many different types of geohazards, glacier hazards and their associated 
phenomena are a major contributor in the Cordillera Blanca and other glacier regions in the world. Seismic activity 
and the failure of natural dams of mountain lakes are some of the most significant hazards in this area. Though not 
always effective, the installation of engineering works can help to greatly decrease the threat of some of these hazards. 
With adequate remote sensing techniques becoming more common, it should be possible to identify areas of high risk 
and quickly carry out the appropriate measures to protect the overall safety of the population and resources that they 
depend on. 
 
 

 
 

Figure 2. Four mechanisms for moraine dam failure: (a) melting ice core; (b) displacement wave from avalanche; (c) settlement 
and/or piping in the moraine dam (resulting from seismic activity); (d) sub‐glacial drainage 

 



Land Use Change in Peru 
Morgan Sadler (ESS U1 Student) 

 
Peru has a variety of landscapes, ranging from dry, desertic conditions on the Western coast to tropical conditions in 
the inland Amazonian forest. In between, the Andes support a wide variety of vegetation and human activity because 
of its range of biomes as climate changes with altitude, precipitation and temperature.  
 

     
 
In the tropical rainforest biome of Peru, substantial deforestation has occurred in the past 40 years. This has 
implications not only for biodiversity but for climate change and local environmental issues as well. Many studies, 
including one by Hall and others (1985) have attempted to determine the amount of carbon released to the atmosphere 
due to this change in land use. They made the distinction between two types of land use change in the tropics; 
permanent land use change, where carbon is released and there is no subsequent uptake of carbon there afterwards 
and temporary land use change, which includes the “slash and burn” farming technique, where vegetation is cleared 
but is allowed to grow back after 3-5 years. They found that the permanent land use change will emit more carbon to 
the atmosphere, so it is important to make the distinction between the two when doing these types of studies. They 
found that land use change in the tropics based off of data from Peru, when scaled globally, would contribute 0.01 to 
3.42 billion metric tons annually. In comparison, transportation contributes 5.2 billion metric tons annually. However, 
to get a full picture of the carbon emitted due to deforestation, one would have to look at the history of the forest since 
older forests tend to store more carbon than younger forests.  
 
Another study but Lindell and Oberg (2010) looked at how deforestation would affect the stream water quality in the 
Peruvian highland jungle. Although no correlation was found between deforestation and changes in water chemistry, 
a link was found with altitude. This is because there is more vegetation at lower altitudes and therefore more leeching 
from soils. This study enforces the idea that studies in the amazon must take into account the variation in soil depth 
as well as the changes in the soil composition that come with changes in altitude.  
 
Studies using GIS (Bussing and Heijmans 1999) found no deforestation between 1975 and 1995 in the Cajamarca 
catchment in the Northern Andes, despite a 1.7% population increase. On average, new forests were planted over 
cropland and grazing land. This could be from the efforts of investment in forestation in the recent years.  
 
"Peru is probably the most complex nation in the world from the perspective of geographic and ecological variability" 
(Hall et al. 1985). Because of its high variety of topographies, altitudes, eco zones, and human impact, Peru is very 
difficult to study from a land use change perspective. But it is also a place of high impact for climate change. It’s for 
this reason we must continue to study climate change in this area. 
 
 
 
 
 
 
 



Impacts of El Niño/Southern Oscillation on Peru 
Taryn Katz (ESS U3 Student) 

 
The El Nino/Southern Oscillation (ENSO) is an oceanic and atmospheric phenomenon that varies greatly in its 
intensity, duration, and its cycling, predicted to occur every 4-8 years. The importance of understanding ENSO lies in 
that its impacts are global. Some of the greatest impacts are observed in Peru as the weakening of the trade winds 
allows for warmer than usual water (anomaly of 3- 70C) to reside in the eastern Pacific ocean, just off the northern 
coast of the country. An opposite phase occurs as well, termed La Nina. ENSO affects the climate and hydrology of 
the region as well as has great economic impacts.  
 
 
 

 
 
 
 
Studies have found that the impacts of ENSO events on the northern coast and the southern coast are dramatically 
different. A hydrologic study by Lavado-Casimiro et al. (2013) showed that river discharges are greatly increased 
during ENSO years on the northern Pacific coast while on the southern Pacific coast, the opposite is observed. Another 
study done by Maussion et al. in 2015 shows the impact of ENSO on central Andes glaciers. They noted that the 
influence of ENSO in this region includes warm and dry conditions. They studied the Shallap glacier in the Cordillera 
Blanca and found that due to snow deficits and increased radiation inputs, glacier mass balance decreased.  
 
Along much of the coast, air temperatures and precipitation increase. Due to unusually heavy rainfall, dramatic 
flooding may occur. This affects terrestrial ecosystems as typically dry areas can be flooded, creating lakes out of 
deserts (Orlove et al., 2004). The marine ecosystem is also largely impacted as the weakening of the trade winds over 
the Pacific inhibits coastal upwelling. This cuts off nutrient supply for organisms such as plankton, which in turn 
impact the pelagic fish populations. The Peruvian coast hosts 50% of the country’s population (Rau et al., 2016) and 
so the population here is deeply impacted as well. Intense flooding causes damage to infrastructure. Coastal damage 
is likely as the warmer waters cause the sea levels to rise. The striking change in climate also has grave consequences 
for agriculture, often lowering production yields and exports. It is estimated that during the 1997-1998 extreme ENSO 
event, Peru saw losses of $1000 million USD, with $800 million USD attributed to heavy rains in the northern Pacific 
coast and $200 million USD attributed to droughts in the southern Andes (Lavado- Casimiro et al., 2013.) 
 
 
 



Geography and Climate of Peru 
Wonjun Cho (ESS U2 Student) 

 
Peru is located in western South America, covering 1,285,216 km^2, which is a little smaller than Quebec (1,542,056 
km²). It borders with Ecuador and Colombia to the north, Brazil to the east, Bolivia to the southeast, Chile to the south, 
and the Pacific Ocean to the west (Figure 1). Peru can be divided into three regions by altitude: 1) costa (coast), a 
narrow plain on the west side, largely arid except for valleys created by seasonal rivers; 2) sierra (highlands), which 
is a region of the Andes mountains, including the Altiplano plateau and the highest peak of the country (“Huascaran” 
of Cordillera Blanca mountain range, 6768m); 3) selva (jungle), a wide expanse of flat terrain covered by the Amazon 
rainforest that extends to the east (Figure 2). The majority of the population is located in the selva (almost 60 percent). 
While most Peruvian rivers come from the peaks of the Andes, Peru’s precipitations are not evenly distributed due to 
its variable topography. Most of the people living on the coast rely on the fresh water flowing from the mountain 
region, generated from the alpine glaciers at high altitudes even during the dry season. While 60% of Peru’s power 
comes from hydroelectricity, the area of permanent ice on Cordillera Blanca decreased by about a third between the 
1970s and 2006. 
 

                         
Figure 1. Map of Peru’s Political Geography                                                    Figure 2. Map of Peru’s Three Climate Regions                                           
 

Peru’s diverse climates are produced by the combination of tropical latitude, mountain ranges, topography variations, 
and two ocean currents (Humboldt and El Nino). The coastal region has moderate temperatures, low precipitations, 
and high humidity, except for its warmer, wetter northern reaches. In the mountain region, rain is frequent during 
summer, and temperature and humidity decrease towards the higher frozen peaks of the Andes. The Peruvian Amazon 
is characterized by heavy rainfall and high temperatures, except for its southernmost part, which has cold winters and 
seasonal rainfall.  
 
The annual movement of ITCZ (Intertropical Convergence Zone), which is the are encircling the earth near the equator 
where the northeast and southeast trade winds come together, is creating wet and dry season of Peru (Figure 3, Figure 
4). From October to April, the ITCZ is located right above the Cordillera Blanca. During this wet season, the low 
pressure system gather all the air from the surrounding regions and the easterly trade winds carry extremely moist air 
from the Amazon, further creating a heavy precipitation over the Cordillera Blanca. During the other half of the year, 
the ITCZ is located at the north of the equator and Peru only receives descending warm and dry air, creating a dry 
season. 

                                             
 
Figure 4. Monthly precipitation and air temperature in the Cordillera Blanca. (a) Multiannual monthly mean precipitation registered at Caraz in 
the valley bottom (grey) and near Laguna Parón at over 4000 masl (black) between 1953 and 1995. (b) Multi-annual monthly mean of daily 
maximum, minimum and mean temperature for the station Recuay at 3444 masl for the period 1980 to 2011. 



Oil Pills in the Peruvian Amazon 
Andrew DiNunzio (ESS U3 Student) 

 
The Western Amazon is the most species rich area of South America. Its proximity to the Andes provides an 
exceptional amount of sediments and nutrients for organism downstream. It is also the gateway allowing for these 
nutrients to flow eastward though the rest of the Amazon. However, much of this region is overlying important oil 
and gas resources. In Peru, and other neighboring countries, the forest has designated zones for hydrocarbon activities. 
These are only zones of potential exploitation, but they make up roughly 2/3 of the Peruvian Amazon. They are also 
inhabited by not only fauna and flora, but many local and secluded indigenous people as well. Oil exploration concerns 
include deforestation for access roads, drilling platforms, and pipelines, and contamination from oil spills and 
wastewater discharge. The Law for the Protection of Isolated Peoples in Voluntary Isolation (Law 28736), and similar 
ones in other west Amazonian countries, was passed in 2006 in Peru. Although, this legal binding can be overlooked 
if the exploitation of the natural resources is deemed to be in the public’s interest, as it too often is.  
 
Indigenous people have mortality rates of up to half their population within several years of first contact due to 
unexposed immune systems. Moreover, the actually extent of the territory inhabited by these people is not always 
correctly defined by the government due to the lack of contact with these people. There have been past confrontations 
between indigenous people and industry workers, notably a spearing in an Ecuadorian industry worker in a 
hydrocarbon zone in 2008. The indirect effects of the oil industry in the form of loss of biodiversity and deforestation 
take a huge toll on indigenous communities who are so dependant of local resources to sustain a non-market based 
lifestyle. In March of 2016, Wampis people from the Mayuriaga region in Peru took eight public officials hostage in 
an effort to get government aid to clean up a local oil spill. This after 3000 barrels oil crude spilled from a pipeline in 
the region in February. The government had not included this community in the list of potentially effected people to 
receive emergency funds in case of an incident because they were not though to occupy this territory. The spill severely 
affected the Chiriaco and Maranon Rivers, important Amazon tributaries, and has directly affected over 8000 people. 
Crude oil is made up of hundreds of compounds, including heavy metals and other chemical substances which can be 
absorbed through the skin or ingested resulting in developmental, gastrointestinal and reproductive issues for not only 
animals but humans as well. It can also simply smother smaller organisms. Since 2011, there have been at least 20 
state deemed emergencies due to faults in NorPeruano pipelines, all of which owned by the state oil company, 
Perupetro.  
 
Local residents and indigenous peoples have begun to take legal action against oil companies for dumping billions of 
gallons of toxic waste into forest lands and streams, but the process is often too lengthy to heal any short term damage 
and the long term clean ups are repeatedly left shy of complete once the media attention passes. In fact, these spills 
are already quite poorly covered in the media due to the difficulties of travelling through the Amazon, especially 
during the rainy seasons where some cites are simple inaccessible. This also leads to a lack of long term damage 
assessments at the spill cites and downstream for animals plants and people. One thing that is certain is that outsiders 
will never understand the cultural and spiritual impact that these spills have on locals. We are totally unaware of their 
customs and traditions, and of the more than physical importance of nature to them. A local Amazonian priest once 
said you can remove the oil, clean the water and allow those living nearby to continue living, but you can never heal 
the people living under the water. He was speaking of villages at the bottom streams and rivers composed of dead 
ones whose bodies have not been found. People who have presumably drown but whose bodies have not washed up. 
This is an idea so bazar to a North American and indeed to many Peruvians and it is a prime example of how little we 
understand these cultures.  
 

 



Climate change impacts on glaciers & water resources 
Kevin Tatryn (ESS U3 Student) 

 
Most of the world’s tropical glaciers are situated in the Central Andes. Out of these glaciers, 70% of them lie in Peru. 
These glaciers differ from others situated at the poles or temperate latitudes because they are subjected to higher 
amounts of solar radiation due to their positioning at low latitudes but they are also situated at higher altitudes than 
most other glaciers. Another difference is that the period with the most precipitation coincides with the period of 
highest melting. These glaciers are critical for livelihood of populations situated at the foothills of these alpine glaciers 
but also on those that rely on the water from large rivers whose headwaters are located in these glaciated regions. With 
climate change, warmer temperatures and shifting precipitation patterns are expected and will have an impact on the 
future of these glaciers.  
 

 
 

The dynamics of glaciers must be presented first to understand climate impacts on these glaciers. As mentioned earlier, 
the period of highest precipitation occurs during the warmest months and thus climate variations can greatly alter the 
mass balance of glaciers. There are two main sections of a glacier: the accumulation zone and the ablation zone 
(Chevallier et al., 2011). The accumulation zone is located at higher altitudes and it is where precipitation in the form 
of snow accumulates and is turned into firn and eventually into ice due to pressure of overlying layers. This is the 
section where the glacier's mass grows. The other section is the ablation zone which is at the lower altitudes and it is 
here where the glacial ice melts and produces melt water at the glacier snout. These two zones are divided by the 
equilibrium line where accumulation offsets ablation meaning this is a line of mass balance between the two sections. 
The equilibrium line moves up and down the glacier throughout the year with the changes of the season. If precipitation 
remains the same and temperatures increase, the equilibrium line would shift upwards to higher altitudes leading to a 
decrease in accumulation zone size and an increase in ablation zone size. This would lead to a shrinking of the glacier 
and initial discharges in rivers would increase. Over time, however, meltwater would decrease because the water 
reservoir in glacier will empty leading to lower discharges. This leads to a peak in discharge but then to lower 
discharges only controlled by precipitation and groundwater (Baraer et al, 2012). 
 
Long-term forecasts have been developed to determine when this peak discharge will be reached and what would be 
the level of discharge after the glaciers have completely disappeared. One of these forecasts produced by the Great 
Ice study by l'Institut de Recherche pour le Développement (IRD) used IPCC climate scenarios to project future 
discharges rates. Their conclusion is that discharges will peak in the next 20-50 years and will decrease drastically to 
around half the value of current discharges by the end of the century. Short term increases in discharge and melting 
of glaciers have inherent risks especially with glacial lakes. These glacial lakes are formed at the bottom edge of 
glaciers and are a product of the storing of meltwater between the end moraine and the glacier. With increasing 
meltwater, these lakes store more volume of water which creates greater hydrostatic pressures on the end moraine. If 
these pressures exceed a threshold, the moraine can break open and the lake can quickly drain out, flooding the valley 
below. Meltwater can also override these moraines if the lake becomes full. Collapsing ice and rocks from the retreat 
of glaciers due to climate change can also increase the internal pressure in the lakes leading to a flooding event. This 
region is also prone to intense seismic activity which can amply these processes. This was the case in May 1970 where 
a debris flow of ice, rock and water after an earthquake covered the town of Yungay killing 20,000 people (Plafker et 
al., 1971). To prevent future events, the government has created overflow tunnels can stabilize the water level of 
certain lakes.  



 

 
 
 
The climate change impact on discharge derived from glacial meltwater has multiple implications for social and 
economic aspects for the region but also for the whole country (Bradley, 2006). At higher elevations, the glaciers 
themselves provide large amount of activities such as mountain climbing and hiking while the headwaters are 
perfect for rafting or canoeing. These activities increase local tourism and enhances the economy of the region. If 
the glacier disappears or if the risks associated with glacial retreat increase due to global warming, a large part of the 
region's economy will be lost. At lower altitudes, rivers that have glaciers in their headwaters are dammed to 
produce hydroelectric power. During the dry season, these hydroelectric plants cannot operate at full capacity during 
the low flows. If discharges were to decrease further, these power plants will no longer be viable and alternate forms 
of energy must be used. A possible solution to this is to store water by managing glacial lakes. However the storing 
of water can be dangerous if the moraines cannot withstand the extra pressures. The storing of water also has effects 
on other users such as such as local farmers that require this water for irrigation. Larger-scaled agriculture near the 
coast has supported the economy of the coastal cities.  With lower discharges reaching this area, current irrigation 
practices will no longer be viable and new, less water intensive methods would have to be implemented to support 
the economy.  
 
Climate change has the potential to severely alter glacial coverage and increase new-future discharge but also decrease 
discharge to levels lower than today in the future. It is predicted that these low levels of discharge will be achieved by 
the end of the 21st century. Not only will climate change put stresses on water availability, it also has the potential to 
produce flooding events in the future due to the bursting of glacial lakes. With predicted climate change, the future of 
glaciers in Peru are in jeopardy and the availability of water resources will be strained affecting the lives of people at 
the local scale as well as the national scale. 

 

 



McGill Student Chapter of 
the Society of Economic 

Geologists (SEG) 

May 2016 Brazil Field Trip 
 

 
Group photo at Pilar undergrounjd gold mine 

 

 

In mid-May 2016, a group of 12 graduate students (Charles Beard – Ph.D., Nicolas Gaillard – 
Ph.D., Nick Harrichhausen – M.Sc., Sanita Maslovska – Ph.D., Duncan McLeish – Ph.D., Volker 
Moeller – Ph.D., Rebecca Paisley – Ph.D., Jethro Sanz-Robinson – Ph.D., Karin Siegel – Ph.D., 
Rowan Wollenberg – Ph.D. , Longbo Yang – Ph.D., Luo  Zheng, from the McGill SEG student 
chapter (Montreal) accompanied by Raphael Hunger from Campinas University (Brazil) ventured 
on a two-week trip to explore the economic geology of Brazil. Contrary to some publicized 
warnings about general safety, we received a very warm welcome, in particular from the numerous 
local geologists at the mines we visited and at the pousadas (bed and breakfasts) we stayed at. 
Starting in Rio de Janeiro, we drove to Belo Horizonte to explore the Quadrilátero Ferrífero (Iron 
Quadrangle), one of the world's most prolific mining districts. Here, we visited the 
Paleoproterozoic BIF-hosted Casa de Pedra, Pau Branco, Varzea do Lopes and Fazenda Liberdade 
open-pit iron ore mines. The Pilar and Cuiabá underground gold mines provided spectacular 
insights into the deformed Archean BIF-replacement high-grade ore bodies. Both deposits occur 



in similar rocks and the mode of mineralization (sulfide + quartz replacement of carbonate layers 
in BIF) is comparable, but gold is hosted mainly in arsenopyrite at Pilar, whereas gold occurs in 
pyrite with pyrrhotite and minor arsenopyrite at Cuiabá, where the grades are also higher. Our tour 
of the Quadrilátero Ferrífero was concluded by a visit in the Belmont emerald mine, an open-pit 
and underground operation that exploits an unusual deposit which formed in response to the 
reaction of Be-enriched fluids exsolved from granites and pegmatites with ultramafic greenstones. 
A state-of-the-art automated gemstone sorting facility is perhaps a key aspect of the processing 
here. In the state of Goiás, we visited the Catalão I phosphate mine, a giant supergene-upgraded 
Cretaceous apatite-phoscorite, and the Catalão II niobium mine, hosted in a cogenetic carbonatite. 
The association between phoscorite and carbonatite may be explained by ultrapotassic magmatism 
followed by melt immiscibility. Our next stop, back in the state of Minas Gerais, was the giant 
Paracatu open-pit gold mine, located in the Brasilia Belt. This mine operates in a Neoproterozoic 
orogenic deposit associated with an imbricated thrust system along which gold-bearing fluids were 
introduced. The Au-pyrite mineralization at Paracatu is hosted in distinct quartz boudins, which 
represent deformed quartz veins. Following this, we visited the Vazante zinc mine, an unusual 
willemite ± galena deposit hosted in carbonates and characterized by high grades (11% Zn on 
average). The last stop of our trip was the Araxá niobium mine, a lateritized pyrochlore-rich 
carbonatite, and the world's largest niobium producer. Our trip was rounded off by a spectacular 
hike at Pico do Itacolomi near Ouro Preto and a visit to the Gruta da Lapa Nova cave system near 
Vazante. 

 

 
Emerald hosted in biotite schist from the Belmont mine 

 



 
BIF-hosted gold mineralization at Cuiabá mine 

 
 

We would like to thank Carlos Rosière (Universidade Federal de Minas Gerais), José Affonso Brod 
(Universidade Federal de Goiás), Monica Mendes (Vale) and the geologists from Vallourec, Gerdau, CSN, 
Belmont, Jaguar Mining, AngloGold Ashanti, Anglo American, Kinross, Votorantim Metais and CBMM, 
for volunteering their time and sharing their expertise. This trip was funded by the SEG, EPS McGill and 
by the proceeds from two short courses organized by the McGill SEG chapter. 

Volker Möller, Nicolas Gaillard & Karin Siegel 

 

 
Examining drill core at Paracatu mine 



Field School II & III 
French Massif Central 

Lavoute-Chilhac, France 
May 2016 

 
 

 
 

A first view of the Massif Central geology in unusually chilly May weather: 
The suture between Gondwana and the European micro-continents 

 

 



 
Beautifully exposed fluorite-barite veins in an abandoned mine.  To reach this location involved wading through a 

bitterly cold river, but the consensus view was that it was well worth it (after warming up in the sun!). 

 

 
A close-up of the fluorite (mostly green and purple, but also blue, yellow and colourless) and milky-white barite.  

The hanging wall consists of sericitised high-grade gneisses. 



 
 

 
A view along the chain of volcanoes of the Chaîne des Puys from the Puy de Dôme.   

These volcanoes, likely related to a mantle plume, are very recent and provide an ideal opportunity to 
study volcanic landforms and a variety of magmatic compositions. 

 
 

 
 

Students determining the mineralogy of the magmatic rocks on the Puy de Dôme.  
These evolved alkaline rocks contain beautiful euhedral biotite in an almost white fine-grained matrix. 

 
 
 



 
Remnants of the ore processing building of the La Rodde antimony mine. This mine was a major 

producer of antimony in the late 19th century with the metal used for cosmetics, medicine, rail tracks and 
fancy dinnerware. However, mining at this site goes back to Roman times when the focus was on silver. 

We visited this mine as part of our ore excursion and returned to conduct a geochemical and self-potential 
grid survey. 

 
 
 

 
Setting out perfectly N-S grid lines for sampling and self-potential measurements 



 

 
 
 

 
 

Samples were taken every 20 meters along a straight line, no matter the terrain and vegetation…. 
 



 
 
 

 
 

 

Geochemical maps for lead and antimony of the La Rodde mine site from our hugely successful grid 
survey. The locations of high concentrations match perfectly with what is known about the orientation of 

ore veins. The partial decoupling of the lead and antimony distributions also fits with the lead 
overprinting an earlier antimony mineralization.  

 



 
Taking notes on the Cantal volcano excursion. In this excursion we looked at the interesting igneous 

petrology of this volcanic complex, the largest in Europe. Rock compositions vary from normal basalts to 
extremely alkaline-rich, silica-undersaturated compositions with rare minerals such as haüyne.  

 
 

 
Group picture at the base of the Puy Griou dome after a steep hike up from the caldera floor 

 
 
 



 
View to the Puy Griou dome in the centre of the Cantal caldera. In a long hike we explored a number of post-caldera collapse 

domes as well as the caldera fault with its mega-breccia and one of the caldera-forming ignimbrites. 
 

 
Collecting a heavy mineral concentrate as part of the regional geochemical survey. This provides information on the 

metamorphic basement as well as the presence of any mineralizations in the catchment area.  

 

 
River sediments were dried, sieved and then analysed for trace metals by XRF in the field 



 
 

 
Water samples were also analyzed in the field lab 

 
 
 

 
View of the village of Lavoûte-Chilhac from our basecamp 

 



More Photos: 
 
 

        
 

 
 

    
 

 
 

   
 



    
 

      
 

    
 

   
 

 



   
 
 

   
 
 

              
   

         
 

 



         
 
 

 
 

 
 
 

                



1st Year Field Trip 
23 September 2016 

 

        
Left Photo:  Pia Pese at Couteau du Lac 

Right Photo:  Jenny Ni examining stromatolites and fossil sponges at Couteau du Lac 

 

      
Left Photo:  Svetlanda Komarova at the Forterra Brick Yard (La Prairie), hundting brachiopods & trilobites 

Right Photo:  Jenny Ni at Couteau du Lac with Dawson students in the background 



 
 
 
 
 
 

 
 

Close up of the glacially-polished surface of the Potsdam sandstone, with the concentric fractures 
indicating ice movement direction – Pointe du Buisson 

 
 
 
 
 

 
 

Group photo taken at Pointe du Buisson 



New Grad Field Trip 
     01-02 October 2016 

 

 
Left to Right:  John Onwuemeka, Ying Ran Lin, Fiona d’Arcy, Charlie Beard, Christie Rowe, Emily Laycock, Jenni 

Ni, Catherine Ross, Shane Rooyakers, Louise Delaigue, Monika Rusiecka, Robert Wu, Marko Kudrna-Prasek, 
Pierrick Lamontagne-Halle, Kyle Henderson 

 
 
 

Saturday, October 1, 2016 
9am:  depart McGill 

Hike up Mont Saint Gregoire, discuss Monteregie geology and geomorphology, the Saint 
Laurence lowlands.  Observe limestones, gabbro and basalts. 

Drive northeast toward Appalacians, stopping between Magog and Sherbrooke to look at folded 
slates of the Magog Group (Appalachian foreland basin). 
Arrive Thetford Mines 5pm, dinner at Restaurant Plaza. 

Spend night at Comfort Inn Thetford Mines 
 
 

         
 



      
 

      
 

 
 

        



 

 
 
 

Sunday, October 2, 2016 
9am:  depart Comfort Inn for Thetford Ophiolite field sites. 

- Crysotile asbestos veins in peridotite at Vimy Ridge - discuss history of asbestos mining in the 
region, sea water-peridotite reactions which produce serpentine.  Discuss volumetric strain, 
magnetite production, and the implications of serpentinization for geophysical exploration 

(gravity and magnetic anomalies).  Students collect samples. 
- Syn-extension intrusive architecture near St Joseph de Coleraine (we were unable to access this 

location because the area was closed for hunting.  What a waste of good outcrop!!!) 
- St Daniels Melange (basal strata of Appalachian foreland basin) in the cemetery at St Joseph de 
Coleraine - discuss differentiation of sedimentary from tectonic melange and the importance of 

this distinction for understanding the foreland deposits 
- Metamorphic sole of the ophiolite at Lac Breeches - tectonic contact between sheared 

ultramafic rock (listwenite?) and high grade (garnet-bearing) metapelites, purported to be the 
tectonic base of the ophiolite complex.  We discovered the field trip guide was 

wrong!!  Mislabelled amphibolite at the site.  Interesting. 
Return to McGill ~4:30 pm 

 
 

 



Wedding Celebrations 

 
Julia King (M.Sc.‘12) & Dejan Milidragovic  (Ph.D.‘14) tied the knot in front of family and friends - 

including alumni:  Keith Hodson (M.Sc.’13), Kent MacWilliam (M.Sc.’15), Ben Melosh (Ph.D.’15) and 

Libby Sharman (Ph.D.’11) on  October 8, 2016 at Camp Fircon-Gambier Island, Vancouver, BC.          

We wish them much joy and happiness – Congratulations! 

 



     Nicaragua Field Trip 
Advance Volcanology EPSC 567 

08-16 October 2016 
 

Volcanoes and Climate field trip to Nicaragua!!! 

 

The students of EPSC 567 were joined by fellow advanced volcanology students from Queens 
College at City University of New York (CUNY) on an excursion to study the volcanoes of 
Nicaragua. The course, taught in conjunction by John Stix at McGill and Marc-Antoine Longpré 
at CUNY, focuses on the interaction between volcanic activity and regional or global climate. 
Nicaragua is the ideal study locality because it hosts an abundance of active volcanoes which emit 
large amounts of gases into the atmosphere, and the characteristically steep stratocones are largely 
vulnerable to changes in climate such as hurricanes and heavy rainfall. 

 

Day 1- The blue lake of Apoyo and the fiery lake of Masaya 
 

We started with a short drive to a tourist 
viewpoint of Apoyo Caldera. This site of a 
huge volcanic event 23000 years ago seemed 
calm today having been reclaimed by the 
forest. After an introductory discussion led by 
John and Marc about volcanism in Nicaragua 
we headed out to our first outcrop, some 
proximal deposits from the Apoyo eruption. 
The locals seemed intrigued by our large 
group of keen scientists, so much so they 
asked for photos with us.  



 

The afternoon was spent driving to and seeing the Masaya lava lake (a hot spot tourist destination 
and on every volcanology bucket list). We all ran from the cars, cameras in hand, and tried to take 
it all in in the 10 minutes we were allowed to be there. It was truly an amazing experience and we 
all agreed that we should return the next day to see it at night. 

 

Days 2-3 Mombacho, the giant of Lake Nicaragua 

Today we climbed Mombacho, an andesitic stratovolcano on the edge of Lake Nicaragua, an 
unusual body of water containing killer freshwater sharks (careful swimming there fellow 
volcanologues). We started up the slippery and steep path of the volcano, realizing that the volcano 
has produced two massive sector collapses and debris avalanches in its geological history, at least 
one of which flowed into the lake and undoubtedly created a giant tsunami...we should go hunting 
for tsunami deposits around the lake on our next visit. Halfway up we were rewarded by a roadside 
cafe where we stopped for hot and cold drinks. I have to admit that the caffé latté which I ordered 
was truly yummy, the best in Nicaragua and rivalling my local café in Montreal. Clara was also 
most content. At the summit, we were rewarded with...clouds. Honestly folks, this is my 
experience of volcanoes much of the time. However, we as intrepid scientists made the hike around 
the crater and to a fumarole area emitting large amounts of carbon dioxide, so much so that 
Kassandra got a bit dizzy and drunk on CO2 gas, so we moved her out of harm’s way. We slid and 
slipped on the way down, remarking on the fact that Mombacho lies adjacent to a dacite caldera, 
Apoyo, which itself lies adjacent to a basaltic caldera, Masaya, both of which we visited yesterday. 
Such diversity in such a short distance.  

That evening, of course, we returned to gaze 
upon the dazzling lava lake of Masaya. This 
time, we found that the area where we were 
standing was coated in fine wisps of volcanic 
glass, known as Pelee’s hair. The view from the 
other side was amazing, and we couldn’t 
believe how lucky we were to see such classic 
geologic examples, both in one night! 

The next day, we drove from the town of 
Masaya to the town of Leon.  Beforehand, we 
stopped for breakfast in Grenada, then travelled 
to a few outcrops.  We first saw a sizeable 
ignimbrite deposit from Mombacho that was 
being quarried locally to make bricks.  We then attempted to better see the islands which were 
created by the falling blocks from a previous eruption of Mombacho.  Since we were unable to 
travel around the islands without going off-schedule, we had to satisfy ourselves with a view from 
the mainland.  We then set off for Leon.  On the way, we passed through Managua and not long 



after, stopped at the Chiltepe peninsula to stand in awe of Apoyeque volcano and the adjacent 
Xiloa crater. 

 

Day 4- Momotombo the magnificent 
                    
In the morning we drove from León to 
Momotombo to have a tour of the geothermal 
power plant there. What a crazy volcano! 
Symmetrical, steep, and it just last erupted in 
2015! Lots of gas was still pouring out the 
top...oh to have our handy dandy drone fleet 
with us! The tour of the plant was 
fascinating, especially the data showing 
small ~1 bar pressure spikes in a few of the 
drillholes when the eruption started...and the 
pressure continues to increase in small 
increments. We were shown the plant itself 
and then one of the original drillheads on 
their property. All the while the active 
volcano loomed large above us. We were 
also shown pictures of pyroclastic flows 
during the eruption. Pyroclastic flows ??!! 

This is one dangerous volcano, folks. Fortunately so far they have been directed northward, rather than 
southward where the power plant is situated. 
 
In the afternoon after a nutritious lunch of eggs and nuts, we looked at brand new roadcuts of pyroclastic 
deposits. These deposits probably come from a number of volcanoes, but the thick and coarse sequences 
are likely derived from the dacite caldera just to the west of Momotombo. We saw a spectacular sequence 
of plinian fall deposits overlain by surge deposits with low angle dunes, and these were in turn overlain by 
pyroclastic flow deposits. What a great sequence; we all decided that we want to do our next PhD on these. 

 

Day 5 - Cerro Negro, small but unpredictable 

Today we drove from León to Cerro Negro, 
a baby volcano born in April 1850! We had 
been told that Cerro Negro only gives a 
~30min seismic warning pre eruption so we 
had to be very attentive to any signs during 
our time there. In our hike up, we stopped to 
look at some neat fumaroles that may be 
associated with a regional fault that 
crosscuts the volcano. Some of us collected 
some sulphur crystals to bring home, which 
added a delightful volcanic scent to our 
backpacks. After inhaling all those gases, 
we continued our hike up along the crater 
rim. The views from the top of Cerro Negro 



were amazing! We could see other volcanoes, some of which were degassing, and old lava flows 
from Cerro Negro that still looked quite fresh. We decided to eat lunch right near Cerro Negro’s 
youngest crater. Some of us couldn’t handle sitting down because the ground was so hot!  

Tourists come to Cerro Negro to sand board down the flanks (“volcano boarding”). We decided to 
be a little bit more traditional (and fun), and followed John Stix, who has perfected this technique 
throughout the years, in an exciting descent until our boots couldn’t handle having any more sand 
in them. From the bottom, we looked up at the volcano and admired Cerro Negro for the last time 
before heading back to the car (not without collecting some volcanic bomb samples to bring 
home!) and then back to León. 

 

Day 6-7 - Seaside Outcrops in paradise 

 
Today we left Leon and drove to the northern coast of Nicaragua, the Golf of Fonseca, where El 
Salvador and Honduras can be seen across the water. We stopped to observe an isolated outcrop 
on the side of the ocean surrounded by fields of peanuts. Here, spectacular pyroclastic deposits 
from the 1835 eruption of Coseguina were interbedded with charcoal trees. One of these trees was 
over two metres long!  Distributed along the beach, there also were boulders speckled with 
excellent accretionary lapilli. The 1835 eruption was a major event which had a widespread impact 
on the global climate, as seen in ice core and tree ring records.  
 
We continued on our way to the resort where we would be staying. Unfortunately, the dirt roads 
were quite horrendous and we got a flat tire. With dusk approaching, the group of volcanologists, 
armed with nothing but their headlamps, had to figure out how to change the tire without a manual 
or proper jacks. Sometime later, with the help of a jack ingeniously supported by our field 
notebooks, the tire was changed and we were back on the road. We safely arrived at Redwood 
resort, and the host assured us that “the best places are hard to find”. She was right. We did a bit 
of night time swimming in the ocean and the next morning we woke up to a gorgeous view of the 
sea in our own little slice of paradise. A long drive back to Managua consumed the rest of the day, 



and it was with heavy hearts that we boarded our return flights next morning, though not without 
an incredible new perspective on the power of volcanoes. 

The students are extremely grateful for the support of the department which allowed this trip to 
become a reality. Thank you EPS! 

 

 

 

  

Standing:  John Stix, Carla Gonzalez (B.Sc.), David Martineau (B.Sc.), Torrie Roseborough (B.Sc.), 

Kassandra Sofonio (B.Sc.), and Marc-Antoine Longpre (B.Sc. ’03) 

1st Row:  Shane Rooyakkers (Ph.D.), Fiona d’Arcy (M.Sc.), Anisha Desai (B.Sc.), Clara Waelkens 

(Ph.D.), Alba Mar Rodriguez Padilla (B.Sc.) and Rebecca (Becky) Paisley (Ph.D.) 

 

 



McGill Open House 

Redpath Hall 

30 October 2016 
 

 

 
Open House went well on Sunday, October 30, 2016. Above is a photo of the E-corner, with 

ESYS, EPSC, and ATOC. Mitchel May (B.Sc.) and Alex Geen (B.Sc.) are helping a prospective 

student; Wonjun Cho assisted for ESYS. Jamie Kirkpatrick, Natalya Gomez, and Yajing Liu 

represented EPSC, and Tim Merlis represented ATOC. 

 



2016 Vanier Scholars  
 

 

 

Lauren Somers’ research focuses on the impact of climate change on hydrology and water resources 

in the Peruvian Andes. Communities and industries in the mountains of Peru rely heavily on proglacial 

alpine watersheds for water supply. As glaciers in this region rapidly recede due to rising air 

temperatures, water shortages are becoming common in many parts of Peru. Computer models can be 

used to simulate physical hydrological processes in order to better understand Andean hydrology and 

the vulnerability of mountain water resources to climate change. My project will combine 

groundwater, surface water and glacier melt computer modeling techniques to improve our ability to 

project future stream flow conditions under climate change scenarios. Furthermore, in collaboration 

with Peruvian stakeholders, we can recommend appropriate adaptation strategies based on modeling 

results to help communities make informed decisions to improve water supply to the growing 

population.   (Ph.D. Thesis Supervisor = Jeffrey McKenzie) 
 

What are your research plans for the next three years?  

I will begin by conducting field studies to gather data that will be used in computer modeling. This 

includes monitoring of important hydrologic metrics such and stream discharge, groundwater levels 

and water chemistry as well as physical site properties including subsurface and infiltration 

characteristics. Next I will modify existing hydrologic computer programs so that the groundwater, 

surface water and glacier melt components work together. Finally, I will use the model to run 

hydrological simulations that use climate projections as an input and output hydrologic projections for 

the next fifty years. 

 

How do you feel about winning a Vanier Graduate Scholarship – what difference will this make to 

your research path or your contribution to the global community? 

I am incredibly grateful to have been selected for the Vanier Graduate Scholarship and am honoured 

to be among this group of student leaders. Winning a Vanier Graduate Scholarship gives me the 

financial freedom to focus more completely on my research. This scholarship will allow me to conduct 

fieldwork in the Peruvian Andes and engage directly with Peruvian collaborators and stakeholders 

amplifying the impact of my work. 



2016 Volcanic and Magmatic 
Studies Group Award  

 

 

The Volcanic and Magmatic Studies Group (VMSG) Award is bestowed annually on an individual 

who is deemed to have made a significant contribution to our current understanding of volcanic 

and magmatic processes. Such a contribution will most likely be in the form of a paper or series 

of papers, although other forms of evidence (e.g. convening paradigm-changing workshops and 

conferences) will also be considered. There is no age or nationality limit and researchers at any 

stage of their career will be considered. The nominee should ideally be a part of the VMSG 

community, through participation in VMSG meetings and activities and/or interaction with other 

VMSG scientists. Current VMSG committee members are not eligible for nomination. 

Chair of Volcanology and Magmatic Processes at the University of Liverpool, Yan Lavallée 

received his B.Sc. (2001) in Earth and Planetary Sciences from McGill University, Canada, his 

M.Sc. (2003) in Space Studies from the University of North Dakota, USA, and his PhD (2008) in 

Mineralogy from the Ludwig Maximilian University, LMU-Munich, Germany. Between 2008 and 

2012 he held the position of Assistant Professor in Volcanology at the LMU-Munich until he was 

appointed at the University of Liverpool, where he built an experimental volcanology and 

geothermal research facility, partially funded by the European Research Council. Professor 

Lavallée’s principal research interest is in understanding the mechanics of magma and rocks, and 

their impact on volcanic, hydrothermal and geothermal systems via interdisciplinary scientific 

collaborations. He has been involved in a number of international projects (VUELCO, MED-SUV, 

HOTSPOT) and partakes in the ongoing ICDP-funded Krafla Magma Drilling Project. He is a 

member of the Institute for Risk and Uncertainty at the University of Liverpool and Chair of 

Physical Sciences and Engineering in the Young Academy of Europe, Academia Europaea. 

 



2016 Thomson House  
Christmas Party Photos 

     

     

   

   

   



   

   

   

   

   

   



 

     

     

      



      

     
 

     

 

   

   



   

   

   

    

   

   



   

    

   
 

 

Merry Christmas and Happy New Year 



Wedding Celebrations 

 
Hongyu Yu (Post Doctoral Fellow) and Bei Wang (Ph.D. student) recently got married in 

China.   Two ceremonies took place – one on Saturday, January 7, 2017 in Tangshan (Bei’s 

hometown) and another on Wednesday, January 18, 2017 in Shaoxing (Hongyu’s hometown). 
We wish them much joy and happiness - Congratulations! 

 



Baby News  
 

We are delighted to announce the birth of Kristy Thornton 

(B.Sc.’00) and Paul Filion’s second child, Lucas Thorton-Filion, on 

Monday, January 23, 2017, at 10:18 am, weighing in at 8lbs 1oz!    

 

 

            

 

Lucas was born on his sister’s birthday – Muriel turned 3 years old on January 23, 2017. 

       



Earth & Planetary Sciences 

Departmental Retreat 

27-29 January 2017 

Don Baker, Kim Berlo, Nick Cowan, Peter Douglas, Natalya Gomez, Galen Halverson, Olivia 
Jensen, Anne Kosowski, Yajing Liu, Mitchell May, Jeff McKenzie (Chair), Bill Minarik, 

Alfonso Mucci, Rebecca Paisley, Jeanne Paquette, Christie Rowe, Caroline Seyler, John Stix, 
Kieran Tompkins, Vincent van Hinsberg, Willy Williams-Jones 

 





In Memoriam 
 

 

 
 
Cornelis Klein, Ph.D., age 78, beloved husband of Shirley Morrison, died unexpectedly in his sleep 
on June 1, 2016. Cornelis, or Kees as he was known to his family, and Kase to his American 
friends, was a noted mineralogist with a long and distinguished career. 
 
Kase was born in Haarlem, the Netherlands on September 4, 1937. He emigrated to Montreal, 
Canada, at age 17 where he graduated from McGill University with BSc. and MSc. degrees in 
Geology, and met and married Angela Knobbs. Kase subsequently earned a Ph.D. in Geology at 
Harvard University and taught there for 7 years. He then became a tenured professor in the 
Geology Department at the University of Indiana at Bloomington earning a prestigious 
Guggenheim Fellowship. Kase moved to Albuquerque in 1984 as Professor and Chair in the 
Department of Earth and Planetary Sciences at the University of New Mexico. Kase has authored 
or co-authored the mineralogy field's premier texts including Manual of Mineral Science (now in 
its 22nd Edition) and the newer Earth Materials: Introduction to Mineralogy and Petrology as well 
as numerous studies and papers on the subject of iron formation for which he is world renowned. 
A dedicated teacher, as well as a scholar, Kase gained great satisfaction from preparing lectures 
and inspiring countless students. 
 
Kase was a devoted husband and father who would come home for family dinners before returning 
to his research lab late at night. He also cared for his beloved late wife, Angela, during her 10 year 
battle with cancer. A proud grandfather of five, Kase visited his New York City-based family 
often. Always involved in his community, Kase met Shirley Morrison at Rotary Club. They 
married in 1998 and with renewed joy and purpose, Kase embarked on a second career as a guest 
lecturer for Harvard Alumni Association Travels. 
 
In addition to his wife, Shirley, Kase is survived by his children, Mark Klein and wife, Laura and 
Stephanie Stahl and husband, Jack; and grandchildren, Alexandra and Hugh Klein and Max, Miles, 
and Bo Peponis. 

 

 



Annual Gifts Support  
Earth & Planetary Activities 

Annual gifts from alumni like you have helped enhance the educational experience of Earth & 
Planetary Science undergraduate and graduate students.   Annual giving has an immediate and 
meaningful impact on students –with your help, we will be able to continue to enrich our student 
field trips and field courses, speakers series, scholarships, programs, laboratory facilities, and be 
able to respond to our most pressing needs and emerging opportunities.  If you would like to donate, 
the easiest way it to do so is: www.mcgill.ca/give, select ‘Faculty of Science’ on the 1st drop down 
menu and then select ‘Other’ in the 2nd drop down menu – type in ‘Earth 
& Planetary Sciences’ in the text box that appears. 

 
 

Anne Kosowski 
Administrative Officer 
Earth & Planetary Sciences 
3450 University Street, 
Montreal, QC  H3A 0E8  
(514) 398-3490 
anne.kosowski@mcgill.ca  
 

 
Left Photo:  Late Holocene moraine-dammed lakes in the Cordillera Huayhuash, Peru 
Right Photo:  Purgatoria Fault scarp in southern Peru 

 

 
  Don Francis, Jonathan O’Neill (Ph.D.’09), and Shake 

 
 

Jennifer Abbott or Kristen McGraw, Advancement, Faculty of Science, 3450 University Street, 
Montreal, QC  H3A 0E8, (514) 398-4607,  jennifer.abbott@mcgill.ca or kristen.mcgraw@mcgill.ca 

DAWSON FIELD STUDY SUPPORT 



KEEP IN TOUCH 

What’s new with you? 

Are you in contact with your classmates? 

Please let us know … anne.kosowski@mcgill.ca 
 

Name: 
McGill EPS Degree: 
Graduation Year: 
Mailing Address: 
 
 
Telephone: 
Fax: 
Email: 
 
What’s New: 
 
 
 

http://www.mcgill.ca/eps 
 

 

 
McGill’s Arts Building on a winter day. 


