Assignment 3: Volcanic lines in Central America 
Forward

This assignment is actually about how data does and does not represent reality.  Something that ought to be simple, like the distribution of volcanoes in a region, is not simple once you start considering all the possible ways of defining your objects and deciding what to include and what to exclude.  Ideally, the fineness of the data would not distort any observations regardless of the scale or method of presentation. However, representations of data on flat surfaces, like paper or computer screens, can cause distortions, especially if you use abstract symbols to represent your objects. In contrast, GeoMapApp, allows one to look at reality, as expressed in topography, so it is not as distorted. The limitation in GeoMapApp is the available resolution, you can only zoom in so far.
In the case developed below, the simplest representation (about 40 volcanoes) allows some useful observations because the data are in simple abstract form. The most comprehensive data set has over 700 volcanoes and is different from the simplest one because of the large number of tiny volcanoes that make the distribution of volcanoes look much more diffuse.  GeoMapApp shows topography and therefore shows larger volcanic forms far more clearly than smaller ones. If emphasis on larger volcanoes is more ‘real’ then GeoMapApp does the best job.
Introduction

Volcanic arcs above convergent plate margins have a variety of shapes, scales, and structural styles. The relationships between the main subduction structure, the giant megathrust or plate contact zone (Slide 3 in Class7 - the cross section) and surface features (topography, volcanoes, and faults) are not straightforward. In this exercise, we will look at volcano distribution on different scales, from individual volcanic vents to the arc-wide shape of the volcanic front.

When plate tectonic theory was first developed, earth scientists had limited geospatial data and primitive visualization tools, which led to simplified models. Are those models TOO simple, or even flat-out wrong?  

In this exercise, you will re-examine a volcanic framework of Central America consisting of right-stepping offsets on the volcanic front. This was proposed in 1969, 1911 and in Plate tectonic context in the 1970’s.

There are three volcano catalogues to examine in this lesson: a diagram of the historically active volcanoes from the Catlog of Active Volcanoes (1969), the Smithsonian list of Holocene volcanoes (2011), and a comprehensive catalog of recent (~ the last 600,000 years) vents (2011). 
Some complicating factors
Time period to use         Ma=million years, Ka=thousand years
The historic record, which begins at about 1523 AD with the arrival of Pedro de Alvarado in Guatemala, is surely too short because volcanoes have long periods of dormancy, making just the past few hundred years inadequate for assessing volcanic hazards. One of the deadliest volcanoes in Central America, Arenal in Costa Rica, did not have an historic eruption until 1968 even though it had it first eruption only 7,000 years ago.

The Volcanoes of the World (Siebert and Simkin, 2004), is a list of Holocene volcanoes, maintained online by the Smithsonian Institution’s Global Volcanism Program. Why was Holocene chosen?  This is the present geological era; the word means “completely recent.” It also represents the time since the end of the last glaciation or about the last 12,000 years. The sea level rise caused by the melting of continental glaciers was about 35 meters. Thus, the beginning of the Holocene was a significant sea level event.  But does it have geodynamic significance for volcanoes or is it just the youngest geological time unit? It seems too short for understanding presently active volcanoes. In Costa Rica, field mapping and geochronology defined a 400 Ka period of low volcanic activity between 600 Ka and 1000 Ka. Most of the present volcanoes appear to have begun at about the same time, about 600,000 years ago.

So what time period is more real, more representative: the historic record (Figure 1a), the Holocene (Figure 1b) or the last 600 ka? I hope the exercise will shed some light on this question.
Vents to include or exclude
The authors of the diagram below included vents that had historic eruptions (solid symbols in Figure 1a) and vents with fumarolic (gas venting) activity (open symbols). There are 40 volcanoes in 34 volcanic centers. There were three exceptions to the Volcano Catalog, noted in the figure caption. Scientists are always critical of their data!
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FIG. 1a. Volcanic Segments of Central America. Solid triangles are volcanoes with historic eruptions (from the Volcano Catalog) with the addition of Arenal Volcano in Costa Rica. Open triangles are volcanoes with solfatara activity (from the Volcano Catalog) with the addition of Moyuta Volcano in southeastern Guatemala and the deletion of Zunil. Stippled areas represent boundary areas between the volcanic segments. 

The CASmithsonian data file is the currently accepted list of Holocene volcanoes. This list, plotted in Figure 1b, includes quite a few more vents (69 vents), but generally remains true to the distribution in Figure 1a.
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Figure 1b. Volcanoes with historic activity (eruptions or fumarolic emissions) are red circles, other significant volcanoes that are similar in size and had Holocene activity, are crosses.

Figure 1a and the more comprehensive Figure 1b suggest a tectonic model based on the right steps in the volcanic chain that create distinct lineaments or volcanic segments. These lines were first pointed out by Dollfus and Montserat (1868). In Figure 1b there are 5 reasonably clear right steps and one change in azimuth (strike) at the Guatemala/El Salvador boundary, creating 7 segments. To understand what a right step is, imagine walking from Costa Rica to Guatemala (Fig 1b), touching only the volcanoes. Near the Costa Rica-Nicaragua border you have to step to the right. Next, there is a smaller right step in the middle of Nicaragua, etc.

Figure 1b has nothing on it but symbols representing volcanoes, a minimal display of data. In the exercise below you will see what happens when you include more vents than just the ones that have recent or Holocene activity. Figure 1b is a cartoon, which is an interpretation, and the overall question of the exercise is: Is the catoon a fair representation, do the right steps exist?
What about size and morphology? In addition to recent activity, there is long term behavior that is cumulated into morphology. One very interesting measurement is size or volume. This is nothing more than a quantification/abstraction of morphology and GeoMapApp does a good job of presenting actual morphology. In general, one can argue that larger volcanoes deserve more importance because they produced more magma. To become large, a vent needs some combination of high eruption rate and long-term supply coupled with lack of erosion or explosive destruction.

One weakness of the topography in GeoMapApp is that many minor vents are below the level of resolution. The amount of material erupted from cinder cones and other minor vents may be trivial but such vents are valuable for the structural information they provide. Volcanoes often occur in a line that traces the axis of least compression or the tension axis. In Central America such lines of volcanoes are usually N-S and minor vents need to be included to see some N-S alignments. These N-S lines of volcanoes often define normal faults.
What is a volcanic center?  The distribution of erupted mass varies dramatically along the volcanic front (Figure 2). This figure lumps vents into 39 centers. Few volcanoes are isolated cones of the ideal type. The norm is a complex mix of different vents that indicate different eruptive locations over time and different eruptive styles. Complexity reigns but Figure 2 has only 39 points, not the 69 volcanoes in Figure 1b or the 731 vents in the 2008 data file described below. Is this fair? Should we lump volcanoes into centers? (rhetorical questions, not something to answer yet, this is still the introduction).

Figure 2. Volumes of volcanic centers plotted against distance along the volcanic front.
The 39 volcanic centers in Figure 2 seem clear during field work. In many cases there are distinct centers where many vents were clustered together, separated from adjacent centers by outcrops of much older rocks. However, in Nicaragua and Costa Rica there are massifs where the flanks of the volcanic centers overlap. Usually the break between the centers is low enough that roads take advantage of the low topography. So how does one define a center? You can drive around one with a car! Not very scientific! One of the purposes of the CAVents2008 compilation was to use statistics to make an unbiased determination of the boundaries of volcanic centers. 
Finally, Figure 3 is an outline map to allow every one to get located with respect to countries and plate boundaries.


Figure 3. Location map for Central American volcanoes.  

CM marks the location of Cerro Mercedes. Dashed lines mark position of Nicaraguan Depression (ND).  The vents shown here include a mix of different groups. It is similar to Figure 1 but adds many much older but geochemically significant vents, like Cerro Mercedes, a xenolith locality.
Exercises
1. Is volcanic segmentation ( the discrete lines in Figure 1a or 1b above) real? 
Here is a way to decide:
Actions/data display
a. Open GeoMapApp. Zoom in on Central America (between North America and South America) by clicking the + magnifier and using it to draw a box on the area shown in Figure 3. Having found Central America, zoom in and out using the +/–magnifiers. Get familiar with navigating using the Hand and the two Magnifiers. 
b. Add the vents from CASmithsonian (File:Import Data Tables: Excel .xls).

Scale the symbols to about 25%. Pick a nice color.  Use the volcano locations to learn how to identify the volcanoes from the topography. Switch the volcanoes on and off using the slider tool to change their opacity.

A reasonable process for thinking about this

Are any of the right steps obvious? If so, which ones?
Now scale the symbol size to Log10Volume. It is useful to mess with the blue lines that set the scale. 

Are any of the right steps obvious?  If so, which ones?

Now add the vents from CAVents2008 (File:Import Data Tables: Excel .xls) and scale the symbols to about 25%.  Do any right steps appear or disappear? Scale the symbol size to Log10Volume. And ask the same question.
Decide and Submit:

Decide: Do right steps exist or not? Are some better (more convincing) than others? If so, which ones?

Make a diagram: The Orange box in Figure 3 is the area you need to cover. Make jpeg files of one or two images from GeoMapApp. Import into Word (Insert: Picture: From File). Use the Drawing Toolbar (View: Toolbars: Drawing) to edit the image. Mark the right stepping features with lines or arrows and grade any right steps from A-definite to B-fairly clear to C-weak, using text boxes. 

To submit:  your annotated image and a brief summary essay about right steps.
2. Do volcanic centers exist in Western Nicaragua? 

Focus in on western Nicaragua. Find the area shown below using GeoMapApp
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2a.  Load CAVents2008 and first look at all the vents using the same symbol size. Is there a way to define centers by clusters of vents? 

2b.  Now scale the symbols to log10Volume. Any sign of centers or clusters of large amounts of erupted mass?

2c. Now make a profile through the line of volcanoes, try this a few times, then pick a representative profile. The volcano in the top left (Cosiguina) is not quite co-linear with the others so you an ignore it. There is also a very large gap between Cosiguina and the next volcano the SE, San Cristobal. Does a well chosen profile reveal distinct centers? Are there any cone shapes where most of the erupted mass lies? Add your profile to the Word file.
2d. Carr thinks that the centers are from NW to SE, Cosiguina on the Gulf of Fonseca in the top left, San Cristobal, Telica, Rota, Las Pilas, and finally, Momotombo on Lake Managua, a total of six in western Nicaragua.  Do you agree or disagree? What display most plausibly agrees with Carr’s interpretation? What display least agrees?
To submit: the map, the profile and a brief paragraph discussing your views on question 2, with emphasis on the bold questions in 2c and 2d.
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