Geo Sci 302   Lab#8                                                                                            Spring 2001

Name ______________________ 

Due: April 4, 2001
Igneous Project, Part 1

Subduction-Related Igneous Activity: Continental Arcs:

Tatara San Pedro Complex, Southern Andes Case Study

This lab is Part 1 of the Igneous Project on subduction-related igneous activity at convergent plate margins.  South American is a classic area to study continental arcs, where subduction beneath the South American Plate is occurring along the length of the Andes Mountains.  You will be studying the evolution of the Tatara San Pedro (TSP) Complex in the Central Chilean Andes (36º S).   The TSP is located in the northern part of the southern volcanic zone (SVZ) (see Figure 1).  The crust beneath the complex is 30-35 km thick and its surface is situated 90-100 km above the Benioff zone.  Quaternary volcanism commenced about 930 ka and continued through the late Holocene (Figure 2).  In this lab we will be examining the petrography of a range of igneous rocks from the intrusives that underlie the volcano to the voluminous Quaternary basaltic andesites.     Read Ch. 17 in Winter (2001) on the Subduction-Related Igneous Activity: Continental Arcs, and then make observations about the following samples.  
You are encouraged to work in groups of two.  Each of you will turn in your own lab, but I expect you to work together and collaborate on the lab.  You and your lab partner will need to come to a consensus; consulting other groups is encouraged.
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Figure 1. Tectonic Setting and location of the Tatara-San Pedro volcanic complex, 36º S, Andean southern volcanic zone (SVZ).
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Figure 2.  Geologic map of the Tatara San Pedro volcanic complex.
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Figure 3. View of the Tatara San Pedro Complex.  A close-up of Quebrada Turbia and the sample traverses are shown in photo 110 (Figure 4).

[image: image4.wmf]
Figure 4. Quebrada Turbia and the Quebrada Turbia West (QTW) sample traverses.  Sample QTW11-12 in this lab was collected from traverse QTW11.

Part 1:  Field Relations

A Digital Dynamic Map (DDM) for the Tatara San Pedro volcanic complex provides an unprecedented opportunity for you view important field relations for the samples in this petrology lab.  Use to the TSP Dynamic Digitial map (TSP DDM) program for the Tatara San Pedro complex (Condit, 2000), and answer the following questions.

1.  Huemul pluton (Tgh).  What is the age of the Huemul pluton? ______________.  Examine the field relationships of the Huemul pluton displayed in the field photographs of the area.  What are the rocks that the Huemul pluton intrudes? 
2.  Sample QTW11-12 (Qqt).  In which quadrant is Quebrada Turbia located? _______________.  Find the close-up field photo of the Quebrada Turbia West (QTW) traverses.    Get the geochemical data for sample QTW11-12.  What is the SiO2 and MgO content of this sample? 
SiO2 _____________

MgO ____________
Part 2:  Petrology of the Tatara-San Pedro Igneous Rocks 

3.  The Botaugura granite (Tgrb) is equivalent to the Huemel pluton (Figure 2 and TSP DDM).  The predominant minerals are quartz, plagioclase and perthitic K-feldspar.  The feldspars in particular show signs of low temperature alteration, as does the minor biotite, which is chloritized.
4.  Rio Colorado sample SPP92.23x is part of the undifferentiated plutons (Tgu) that underlie the volcanic complex (hand specimen only).  Mafic inclusions are abundant in this felsic intrusive rock.  Carefully examine the textural relationships between the mafic inclusions and the felsic material.  What do the inclusions indicate about the magmatic evolution of this intrusive? (Those who went to Dr. Kent Ratajeski’s lecture will be at an advantage).
5.  Sample ESPDN is a Tatara pluton (Tgu) considered part of the undifferentiated plutons from the far west part of the NW quadrant of map area.  
6.  Sample QTW11-12 (Qqt) is part of the Quebrada Turbia lavas explored in question 2.  QTW11-12 is a classic andesite.  Most of the Quebrada Turbia lavas erupted over a period of a few thousand years during the Matuyama-Brunhes geomagnetic polarity reversal, and records an unusually complete record the this reversal. 

7.  Sample LV-18 (Qem) is part of the Estero Molino lavas that unconformably overlie the Quebrada Turbia lavas and older Teritiary metavolcanics.  It is a basalt / basaltic andesite with beautiful phenocrysts of olivine, augite and plagioclase.  The pyroxene can be distinguished from the olivine by its cleavage and (very) light tan color.  Sketch and label an area that shows both olivine and augite. 
8.  Sample H-11 and H-16 (Qlh) are part of the late Holocene lava eruptions from the San Pedro that now occupy the glacial valley Estero Pellado, shown spectacularly in field photos (see photos 080 and 078).   

Sample H-11 is a dacite that contains quenched inclusions of basalt.  Be sure to examine both the hand specimen and the thin section.  What are the phenocrysts contained in the basalt inclusion?  What do the basalt inclusions imply about the magmatic processes?
Now examine sample H-16 that is also a dacite with basalt inclusions.   One of the inclusions is circled in red.  Carefully examine the phenocrystas and the groundmass.  Compare (and constrast) the phenocrysts in the dacite and those in the basalt inclusions.  Then compare the groundmass between the two.  What does the texture of the groundmass in the basalt inclusions imply? 
Pumice sample H69311b is the pyroclastic equivalent of H-16 (hand specimen only). 

9.  Samples H-20 and H-72 (Qlh) are andesites that were collected from the summit of San Pedro and are part of the latest Holocene lava eruptions.  Sample H-20 contains interesting plagioclase textures (circled in purple).  Examine the olivine crystal at the center of the red circle.  What does the texture indicate?  Was the olivine in equilibrium with the melt?  Compare this textural relationships between the pyroxene phenocrysts and the surrounding groundmass.
10.  Sample H-7 (Qlh).  Similar to the other late Holocene lavas, H-7 is a dacite with basalt inclusions (most obvious in the hand specimen).  In addition, H-7 also displays another type of inclusion, which is apparent in both hand specimen and thin section (green circle).  Sketch and label part of this inclusion in thin section.  What type of rock is it?  What important information about the evolution of the volcanic complex could be gleaned from this inclusion?
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Geo Sci 302                                                                                                     Spring 2001

Name ______________________ 

Due: Wednesday April 4, 2001 

Homework #8

Evolution of the Southern Andes

For this part of the Igneous Project, read the article by Singer et al. (1997) on the Tertiary tectonic evolution of the southern Andes.  This entails a “field trip” to the library (I am inspired by Dr. Norm Lasca).  The article provides a broad background on the tectonic and petrologic evolution of the Tatara San Pedro volcanic complex in Chilean Andes.  Use the article as a starting point for the research for the Igneous Project.  Consider the samples you observed in Lab#8 and the DDM map of the Tatara San Pedro volcanic complex – and also the new samples from the volcanic complex that have become available (listed below).  You will turn in two proposed research ideas that you are interested to pursue for the Igneous Project.   During lab time, you will discuss your ideas together with your group and then brainstorm to decide on the topic you would like to pursue together.  Saif and I will be there, of course, for guidance to help you and your group devise a research plan.  
The Igneous Project is comprised of - 

· Part 1: Lab#8: Subduction-Related Igneous Activity: Continental Arcs

· Part 2: Hw#8:  Evolution of the Southern Andes

· Part 3: Research Project

For the project it is important that you read and understand Chapters 16 and 17 in Winter (2001) on Subduction Related Igneous Activity, and refer to Chapters 8 and 9 on Chemical Petrology.

Singer et al., 1997, Volcanism and erosion during the past 930 k.y. at the Tatara-San Pedro complex, Chilean Andes, Geological Society of America Bulletin, v. 109, p. 127-142.
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Name ______________________ 

Due: Thursday April 19, 2001 

Igneous Project, Part 3

Evolution of the Southern Andes

· The Igneous Project is comprised of - 

· Part 1: Lab#8: Subduction-Related Igneous Activity: Continental Arcs

· Part 2: Hw#8:  Evolution of the Southern Andes

· Part 3: Research Project

For Part 3 of the Igneous Project you will be design and implement a group research project.  At this point you should have read the article by Singer et al. (1997) and have come up with at least two research ideas that you are interested to pursue for the Igneous Project on the Tatara San Pedro (TSP) volcanic complex, part of the Southern Volcanic Zone (SVZ) in the Chilean Andes.  The article by Singer et al. (1997) provides a broad background on the tectonic and petrologic evolution of the Tatara San Pedro volcanic complex during the last 930 k.y.  Consider the samples you observed in Lab#8 from Tatara San Pedro and also the new samples from the volcanic complex that have become available (listed on the following pages).   The DDM map of the Tatara San Pedro volcanic complex provides field relations and field photographs along with the chemistry, geochronology and paleomagnetics from most of the units.  Additional data that is available for the project is listed on the following page and includes data from the recent Tatara Holocene volcanics and regional data from the Andes.  During lab time today, you will discuss your ideas together with your group and then brainstorm to decide on the topic you would like to pursue together. 

· 1. At the conclusion of lab today (April 9, 2001), your group will turn an outline that includes:
· A brief description of the your research project.  What aspect(s) of the TSP do you plan to explore?  What is the idea that you plan to test?  

· Plan of action - A brief description of your research plan and who is responsible of which activity.

2. Progress report and updated plan of action is due on Monday April 16, 2001.  In addition, includes areas where you need clarification or advice.  Questions are encouraged.

3. Poster report of your group research project, due April 19, 2001 

4. Presentation of your project on April 19, 2001.  Together with your group, you will present a brief 10-15 minute presentation on your research project.

5. You are responsible to understand the other groups' research projects.  Your group is expected to ask questions.

· The grading of the project is comprised

· Part 1: Lab#8: 25%

· Part 2: Hw#8:  15%

· Part 3: Research Project:   Group Grade: 30%

       Individual Contribution: 30%
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Additional Data Available:

You can find the data on the desktop “Petrology 302” folders on the 6 good Macs in the Mac lab (LAP 272)

· Digital Dynamic Map (DDM) of the Tartara San Pedro Complex

· Condit (2000) 

· Geologic map

· Field photographs

· Major, minor and trace elements

· K-Ar and Ar-Ar data for selected samples

· Paleomagnetic data for selected samples 

· Chemical data for the Holocene lavas from the Tatara-San Pedro complex 

· Data from Singer, pers comm.

· File:   Holocene.xls 

· Major, minor and trace elements

· Sr, Nd and Pb isotopes for selected samples

· Chemical data for the subvolcanic rocks of the Tatara-San Pedro region

· Data from Nelson et al., 1999

· Subvolcanic.pdf  - PDF file or hardcopy in the Mac lab

· Major, minor and trace elements

· Sr, and Nd isotopes for selected samples

· Chemical data for volcanic rocks of the Andes, NVZ, CVZ & SVZ (ca. 500 analyses)

· Data compiled by Winter, 2001

· File:  AndesVolc.xls

· Major, minor and trace elements

·  Chemical data for plutonic rocks of the Andes, mainly Peruvian Andes (ca. 250 analyses)

· Data compiled by Winter, 2001

· File:  AndesPlu.xls

· Major, minor and trace elements

Samples (hand specimen and thin section) from the Tatara San Pedro Complex.

(includes new samples)

H-1 (Qlh)

H-7 (Qlh)

H-11 (Qlh)

H-16 (Qlh)

H-20 (Qlh)

H-23 (Qlh)

H-69-311b (pumice sample) (Qlh)

H-72 (Qlh)

H-73 (Qlh)

BP-1 (Qtd)

LV-4 (Qem)

LV-18 (Qem)

QH2-1

QTW 10-3 (Qqt)

QTW 11-3 (Qqt)

QTW 11-4 (Qqt)

QTW 11-12 (Qqt)

QTW 12-1 (Qqt)

Botaugura granite (=Huemel granite, Tgh)

-------------

CV Cerro Volcan    alkaline volcanics from the AVZ at 46º S - related to subduction of the Chile Rise
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