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Internal Assessment Resource

Earth and Space Science Level 3
	This resource supports assessment against:

Achievement Standard 91412
Investigate the evidence related to dating 
geological event(s)

	Resource title: Coromandel Volcanic Zone

	4 credits

	This resource:

· Clarifies the requirements of the standard

· Supports good assessment practice

· Should be subjected to the school’s usual assessment quality assurance process

· Should be modified to make the context relevant to students in their school environment and ensure that submitted evidence is authentic


	Date version published by Ministry of Education
	December 2012 

To support internal assessment from 2013

	Quality assurance status
	These materials have been quality assured by NZQA.

NZQA Approved number A-A-12-2012-91412-01-6081

	Authenticity of evidence
	Teachers must manage authenticity for any assessment from a public source, because students may have access to the assessment schedule or student exemplar material.

Using this assessment resource without modification may mean that students’ work is not authentic. The teacher may need to change figures, measurements or data sources or set a different context or topic to be investigated or a different text to read or perform.


 Internal Assessment Resource

Achievement Standard Earth and Space Science 91412: Investigate the evidence related to dating geological event(s)
Resource reference: Earth and Space Science 3.3A
Resource title: Coromandel Volcanic Zone
Credits: 4
Teacher guidelines

The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource.

Teachers need to be very familiar with the outcome being assessed by Achievement Standard Earth and Space Science 91412. The achievement criteria and the explanatory notes contain information, definitions, and requirements that are crucial when interpreting the standard and assessing students against it. 
Context/setting 
This activity requires students to investigate the evidence relating to the dating of the geological event that formed a volcanic feature on the Coromandel Peninsula and to present their findings in a report. 
Before beginning this activity, students should have learned about:

· the plates and their interactions in New Zealand 

· the main types of igneous rocks in New Zealand, in relation to volcano type and magma composition

· a general outline of New Zealand’s geological history for roughly the time period that the volcanic feature was formed 

· methods of dating rocks relevant to the event, such as radiometric dating, stratigraphy, unconformities, and rock composition
· weathering and erosion.
Evidence may be gained from field trips, local museums, Department of Conservation centres, the Internet, and geological journals.
Conditions 
This assessment activity will take place over 10–15 hours of in-class and out-of-class time.

Students will complete the activity individually, although relevant information may be gathered in small groups, especially on field trips.

Resource requirements 
You will need to provide students with a list of resources for this task.

Sources of information about rocks and dating methods are listed on the following page.

Websites
http://www.teara.govt.nz/en/hauraki-coromandel-region/2
http://www.coromandelonline.com/location/
https://researchspace.auckland.ac.nz/handle/2292/4896
http://econgeol.geoscienceworld.org/content/106/6/921.abstract
http://www.newzealandhappenings.co.nz/coromandel_peninsula_homepage.htm 
http://en.wikipedia.org/wiki/Volcanoes_of_New_Zealand#Coromandel_Volcanic_Zone 
http://gsa.confex.com/gsa/2007AM/finalprogram/abstract_129607.htm 
http://www.doc.govt.nz/getting-involved/for-teachers/themes/geology/
http://en.wikipedia.org/wiki/Geology_of_Auckland_Region 
http://archserve.id.ucsb.edu/courses/anth/fagan/anth3/Courseware/Chronology/09_Potassium_Argon_Dating.html (This website has good visuals about potassium-argon dating.)
http://en.wikipedia.org/wiki/Geology_of_New_Zealand
http://pangea.stanford.edu/~mac/pdf/Briggs+%202005.pdf  (To view this PDF, paste the text into your search engine and select Quick View.)
Books
Aitken, J. (1997). Hot Stuff to Cold Stone. Lower Hutt: Institute of Geological and Nuclear Sciences. 

Aitken, J. (1996). Plate Tectonics for Curious Kiwis. Lower Hutt: Institute of Geological and Nuclear Sciences.

Campbell, H. and Hutching, G. (2007). In Search of Ancient New Zealand. North Short: Penguin Books.

Graham, I., ed. (2008). A Continent on the Move: New Zealand Geoscience into the 21st Century. Wellington: Geological Society of New Zealand in association with GNS Science.
Homer, L. and Moore, P. (1992). Vanishing Volcanoes: A Guide to the Landforms and Rock Formations of Coromandel Peninsula. Wellington: Landscape Publications and the Institute of Geological and Nuclear Sciences. 
Additional information 
If field trips are run, all appropriate safety and EOTC requirements must be fulfilled.
Internal Assessment Resource

Achievement Standard Earth and Space Science 91412: Investigate the evidence related to dating geological event(s)
Resource reference: Earth and Space Science 3.3A
Resource title: Coromandel Volcanic Zone
Credits: 4
	Achievement
	Achievement with Merit
	Achievement with Excellence

	Investigate the evidence related to dating geological event(s).
	Investigate in-depth the evidence related to dating geological event(s).
	Investigate comprehensively the evidence related to dating geological event(s). 


Student instructions 
Introduction 
This assessment activity requires you to investigate the evidence relating to the dating of the geological event that formed a volcanic feature on the Coromandel Peninsula and to present your findings in a report. 
You may gather information in small groups, but your report must be all your own work. You will be assessed on the thoroughness of your investigation.

You will have 10–15 hours of in-class and out-of-class time to complete this assessment.
Task

Select a volcanic feature (or features) found on the Coromandel Peninsula. 

Investigate the evidence that relates to dating the formation of this feature by: 

· explaining how the geological event formed the feature
· explaining in detail and justifying how key evidence from a range of sources enables the geological event to be dated
· explaining how cross-correlation of the evidence enables understanding of the dating of the geological event.
Methods of dating rocks should be relevant to the event and could include techniques such as radiometric dating, stratigraphy, unconformities, and rock composition, as well as weathering and erosion.
Present your findings in a report. Your report may contain field maps, geological maps, images, and diagrams relevant to the event. 
Resource requirements
Your teacher will provide you with a list of resources for this task.

Assessment schedule: Earth and Space Science 91412 Coromandel Volcanic Zone
	Evidence/Judgements for Achievement 
	Evidence/Judgements for Achievement with Merit
	Evidence/Judgements for Achievement with Excellence

	The student has produced a report in which they investigate the evidence related to dating the Coromandel Volcanic Zone.

The student explains the volcanic features and rocks of the Coromandel Volcanic Zone.
For example: “Between 20 and 10 million years ago, large andesite volcanoes erupted due to subduction at the Pacific and Indo-Australian plates boundary. Features of these volcanoes visible today are the eroded remains of the molten magma plugs, for example, Castle Rock (Motutere) south of Coromandel town and Camel’s Back (Maumaupaki) inland from Tapu.

“In a later volcanic period starting about 9 Ma, rhyolite eruptions from caldera produced craters and sheets of ignimbrite. The arch and Te Hoho rock at Cathedral Cove are ignimbrite remnants of the Hahei caldera.
“Later (6 Ma) geothermal systems produced gold and silver deposits, which were mined in the Coromandel gold rush.”
The student explains key evidence from a range of sources for the ages of the volcanic features and rocks selected. 
For example: “Ignimbrite and andesite rocks are found. 
“Ignimbrite and andesite volcanic formations are eroded.

“Radioactive isotopes such as 40Ar/39Ar and K/Ar studies can be used to date rocks. Depending on their age, they will contain varying amounts of 39Ar and 40Ar. The radioactive isotope 40K decays with a half-life of 1.248 × 109 yr.” 
The examples above relate to only part of what is required, and are just indicative.

	The student has produced a report in which they investigate in-depth the evidence related to dating the Coromandel Volcanic Zone.

The student explains in detail the volcanic features and rocks of the Coromandel Volcanic Zone.
For example: “Between 20 and 10 million years ago, large andesite volcanoes erupted due to subduction at the Pacific and Indo-Australian plates boundary. Features of these volcanoes visible today are the eroded remains of the molten magma plugs, for example, Castle Rock (Motutere) south of Coromandel town and Camel’s Back (Maumaupaki) inland from Tapu.

“In a later volcanic period starting about 9 Ma, rhyolite eruptions from caldera produced craters and sheets of ignimbrite. The arch and Te Hoho rock at Cathedral Cove are ignimbrite remnants of the Hahei caldera.
“Later (6 Ma) geothermal systems produced gold and silver deposits, which were mined in the Coromandel gold rush.”
The student explains in detail key evidence from a range of sources for the ages of the volcanic features and rocks selected. (A minimum of two methods must be explained.)
For example: “Ignimbrite and andesite rocks are found – this is consistent with andesitic volcanoes and rhyolite eruptions. 

“Ignimbrite and andesite volcanic formations are eroded. The andesite is shown where the ignimbrite has eroded away, so andesite was there first, i.e. is older.
“40Ar/39Ar and K/Ar studies can be used to date veins of gold-bearing rock. Some of the radioactive isotope of Potassium, Potassium-40 (40K), decays to the gas Argon as Argon-40 (40Ar). By comparing the proportion of 40K to 40Ar in a sample of volcanic rock, and knowing the decay rate of 40K, the date that the rock formed can be determined.
“Other studies using 40Ar/39Ar have dated the Taupo Volcanic Zone at 2 Ma and the southernmost areas of the Coromandel Volcanic Zone as slightly older; that is, they are consistent with the formation of the Kermadec Arc within the last 2 Ma. 
“Another method that is used to confirm the ages is a stratigraphic method. Fossils give an age for events. Though these deposits are rare in a volcanic province, they do exist in the area. A conglomerate has been found that contains plant fossils of the ‘brassi’ type beech tree, which died out 2 Ma.”
The examples above relate to only part of what is required, and are just indicative.
 
	The student has produced a report in which they investigate comprehensively the evidence related to dating the Coromandel Volcanic Zone.

The student explains in detail the volcanic features and rocks of the Coromandel Volcanic Zone.
For example: “Between 20 and 10 million years ago, large andesite volcanoes erupted due to subduction at the Pacific and Indo-Australian plates boundary. Features of these volcanoes visible today are the eroded remains of the molten magma plugs, for example, Castle Rock (Motutere) south of Coromandel town and Camel’s Back (Maumaupaki) inland from Tapu.

“In a later volcanic period starting about 9 Ma, rhyolite eruptions from caldera produced craters and sheets of ignimbrite. The arch and Te Hoho rock at Cathedral Cove are ignimbrite remnants of the Hahei caldera.
“Later (6 Ma) geothermal systems produced gold and silver deposits, which were mined in the Coromandel gold rush.”

The student justifies a range of key evidence for the ages of the volcanic features and rocks selected. 
For example: “Ignimbrite and andesite rocks are found – this is consistent with andesitic volcanoes and rhyolite eruptions. The presence of older andesite remnants such as Castle Rock protruding from the younger ignimbrites is what we would expect and is confirmed by the evidence from dating the rocks.” 

The student explains the cross-correlation of information from different evidence. 

For example: “Weathering and erosion of the softer ignimbrite sheet deposits from more recent volcanism has allowed the harder and older andesite residues to become visible. This stratigraphic evidence is supported by the ages of the rocks.
“Potassium is a common element found in many materials, such as micas, clay minerals, and tephra. In these materials, the decay product 40Ar is able to escape the liquid (molten) rock but starts to accumulate when the rock solidifies (recrystallises). Time since recrystallisation is calculated by measuring the ratio of the amount of 40Ar accumulated to the amount of 40K remaining. The long half-life of 40K (1.248 × 109 yr) allows the method to be used to calculate the absolute age of samples older than a few thousand years.
“40Ar/39Ar and K/Ar studies can be used to date veins of gold-bearing rock. The gold deposits are older in the north of the Coromandel Peninsula and younger in the south; consistent with the changing plates boundary and movement of the volcanic activity into the Taupo Volcanic Zone. Other studies using 40Ar/39Ar have dated the Taupo Volcanic Zone at 2 Ma and the southernmost areas of the Coromandel Volcanic Zone as slightly older; that is, they are consistent with the formation of the Kermadec Arc within the last 2 Ma. 

“Other isotope dates have been worked out using Sr-Nd-Pb isotope data, and they all give age ranges of 9–1.9 Ma, confirming these dates. Sr87/Sr86 did give some anomalies in their results, but this is due to contamination from crustal material within the rhyolite rocks. 

“On top of the Waihi rhyolite domes is a carbonaceous conglomerate. Fossil leaf impressions of ‘brassi’ beech trees have been discovered. These remains give an age of 3 Ma because they died out 2 Ma in New Zealand. 
“Taking isotope ages, fossil evidence, and stratigraphic arrangements, the age of the Coromandel Volcanic Zone can be accurately determined.”
The examples above relate to only part of what is required, and are just indicative.



Final grades will be decided using professional judgement based on a holistic examination of the evidence provided against the criteria in the Achievement Standard.
NZQA Approved
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