Grand Canyon Natural Science

GLG 303

Fall Semester

Department of Geology

College of Arts & Sciences

Lectures: T & Th: 12:45-2:00

Building : Geology (#12) Room 223

Instructor: Jim I. Mead


Office Hours: T & Th  by appointment
Office telephone: 523-7184

Email: James.Mead@nau.edu

email is quicker




Web Page: http://www.nau.edu/%7Eqsp/drjimi.htm

Textbook and Required Materials: 

1. Grand Canyon Geology: Beus and Morales, 2nd edition.

2. Notebook: you will need to purchase a particular notebook and two packets of special paper – total cost about $35. I will show you this in the first class, purchase after the first class and before Week 3 field trip.

The booklets below are provided to you free by the Grand Canyon Semester program

A) An Introduction to Grand Canyon Geology: L.G. Price 

B) An Introduction to Grand Canyon Ecology: R. Houk 

Course Prerequisites

You must be enrolled in the Grand Canyon Semester program, see

http://www.grandcanyonsemester.nau.edu/


No audits are permitted.

Course description

“The science of geology is one of history and process: The history of our planet, and the processes that have shaped it…Our understanding of the grand scheme of earth science and earth history will always be incomplete…That is the lure of geology…Nowhere is that landscape more astonishing than in northern Arizona, home to the Grand Canyon of the Colorado River”  (Price, 1999)

This class is an introduction to the geology, paleontology, climate, climatic history, and living biota of the Grand Canyon region – its natural history. In many ways there are two stories to unravel. First, the record of rocks and life that construct the walls of the Grand Canyon and the structure of the Colorado Plateau.  And second, that record of geology and paleontology that permits a reconstruction of Earth’s history in the canyon since those rocks were uplifted to plateaus and eroded into chasms.  The course challenges you to apply the principles and knowledge of geology to the long, complex, and varied history of our Earth.  Geology and paleontology are sciences – both quantitative and qualitative; within that, they are history too.  The evidence that we will examine about the past geological and biotic events can be observed in rock structures, land forms, rock composition, and fossils recovered in the crust of the Earth.  The approach will be not only “What do we know” but also “How do we know.”  There is heavy emphasis in field trips.

Course Structure and Approach

This class is not the typical course where the student predominantly sits in lecture hall listening to address after sermon with only the rare field trip.  You will see on the calendar below, that we have only 19 lecture/seminar meetings for this class.  This may not seem to be very many and maybe ‘not enough for 3 credit hours’.  Also notice that we have a 5-day field trip, a 10-day river trip, and a 6-day training session at Albright, GRCA.  So, with field trips and in-class time, you will more than have your 3-credit hour class.

You will also notice that there is a lot to read and that I advocate a concept of  ‘just know everything!’  I think you will quickly observe that a person really cannot KNOW everything (certainly not in one semester), but the concept is precisely what is needed in that it is one of continued learning and observing. To me the best way to learn the natural history of this vast region is to go out and see it…smell it…hear it. You will soon be wearing it…tasting it…and living with it.  

I expect you to read, read, and read.  Then I expect you to observe, think, and ask questions. When out in the field I expect you to take copious notes and draw.  What do you take notes about?  Everything – what you see, what we discuss, what you question, what you learned, what someone else noticed.  What do you draw?  Maybe you cannot draw worth a hoot – just like me.  That is fine.  This is not an art class. Drawing forces you to realize details that your mind is actually observing and analyzing.

In some ways the schedule of our class is awkward and maybe backwards.  We have two weeks (four meetings) then out into the field we go for four nights and five days.  But in other ways, the timing is perfect.  Do yourself and me a great favor – read cover to cover both Price and Houk before our first meeting. Don’t worry – you will read it again later on.  

Student Learning Expectations and Outcomes


Students will come away with an in-depth knowledge about the natural history of the Grand Canyon region.  Students will read multiple books about the geology and biology of the Grand Canyon. These will be dispersed around in-class lectures. The course assumes that the students have no background in geology, so the basics of historic geology are presented and is one of the major outcomes from the course.  A 5-day field trip to the remote Shivwits and Uinkaret plateaus, a 10-day river trip, and a 6-day training session at Albright Grand Canyon will provide the student with in-depth field exposure to the natural history of the region. The lecture notebook will include all notes and numerous handouts – all of these will be organized so that the student has a readily available and highly organized reference about the subject for future referral.  The field notebook will be not only be a personal diary of the various events on the three field trips but will also include detailed notations about the observed natural history and camp-fire lectures – all this interspersed with many field illustrations.

Course Policy

1) Attendance at lectures and field trips is mandatory.  

2) I expect you to read, read, and read – you cannot adequately discuss what you have not read. 

3) I expect you to observe, think, and ask questions.

4) Be inquisitive.

5) I expect you to produce copious field notes and drawings.

6) Be professional.

Attendance will not be taken, however, in a class of this size, it will be obvious who is or is not present at each lecture and field trip.  No field trips, lectures, or assignments can be made up or turned in after the due date.  Plagiarism is not tolerated.  A student needs to conduct himself or herself in accordance with university standards as outlined in the Student Handbook: http://www4.nau.edu/stulife/StudentHandbook/RulesandRegulations.htm

Also become familiar with the policies: Safe Working and Learning Environment, Students with Disabilities, Institutional Review Board, and Academic Integrity.

Notes

If you ever have questions or problems relating to this course (or other classes, for that matter) please feel free to see me immediately. Most of these situations can be positively handled if discussed early.

Assessment of Student Learning Outcomes

Method of Assessment

Students will need to turn in: one field notebook, one class notebook, complete two in-class quizzes, complete two abstract/summary of articles, and participate in class and field trip discussions.


1) Field notebook. You need to record just about everything you hear, see, and experience.  It is almost a personal and scientific diary.  You will have an approximately 14 by 19 cm six-ring notebook. You will also have two packets of 100 sheets of paper each: 1 lined and 1 blank.  As you produce a page of notes or illustrations, do consecutive pagination.  If you goof up a page (toss it and just create a new one – hence why you have a loose-leaf system).  You will not have enough space in your six-ring notebook for all the pages, so bring your extra pages with you on the field trips.  I will do two ‘inter-semester’ evaluations of your notebook to see if all is going as planned.


2) Class notebook.  This will include all your class notes, my handouts to you, articles that I handout to you, your abstracts-summaries, maps etc.  You need to organize this notebook so that when you are completed with the class in December, you have a well-organized reference notebook for future use.  Sometimes it is not WHAT you know but do you know HOW to get the information in a timely fashion.  My plan for this semester is that you do KNOW a lot, but you also have an ideal resource notebook when all is said and done.  We will discuss this in the class as we go.


3) Quizzes – just two. These will be about geological time and the formations found in the Grand Canyon – we will discuss this later and when you need to know them. These will not be surprise quizzes.


4) Abstracts and Summaries – we will discuss this in class when the time is correct. Basically you will be reading a particular article and producing your personal ‘essence of the article’.


5)  I want you to be ready for each class to discuss the topic of the day. If readings are due that class day, then you need to have read the material and be ready to discuss. Remember, a ‘discussion’ can be a personal point of view and it may include questions that you have. If you do not understand something (read or lectured), ask! You are more then allowed to disagree with me and/or any of your colleagues in class.  This is all fine as long as it is done professionally. Everyone will have their time to speak their opinions.  No need for heated debates and no blatant interruptions.  The point is to develop a professional level of interaction.

Timeline for Assessment


The due date for the field notebook and class notebook is the last lecture of Reading Week.  The dates for the quizzes will be announced for three consecutive class lectures prior to each quiz. Due dates for the abstracts/summaries will be mentioned in class.

Grading

A=100-90%; B=89-80%; C=79-70; D=69-60%; F<59%

1) Field Notebook – written notes and illustration


200

2) Class notebook






100

3) Quiz – 2 @ 25 pts each





  50

4) Abstract-Summary of articles 2 @ 25 pts each


  50

5) Class participation and discussion of readings


  50




Total points




450

Calendar of Events

Date

Subject






 Notes

August Wk 1

T 26
Lecture/Seminar: Introduction; discuss field trip
Price & Houk; examine Dutton

Th 28
Lecture/Seminar:
Begin geology


Price & Houk; examine Dutton

September Wk 2

T  2
Lecture/Seminar
Th 4 
Lecture/Seminar
Wk 3

T 9 
Field trip to Grand Canyon 9th-13th
Bring Price, Houk, and field notebook

Th 11
Field trip to Grand Canyon 9th-13th
Bring Price, Houk, and field notebook

Wk 4

T 16 
Lecture/Seminar:

Th 18
Lecture/Seminar:

Wk 5

T 23
Lecture/Seminar:

Th 25
Lecture/Seminar:

Wk 6

T 30
 Lecture/Seminar:  

October  

Th 2
Lecture/Seminar:

Wk 7

T 7
Albright Training Center all week

Th 9 
Albright Training Center all week

Wk 8

T 14
River Trip 

Th 16 
River Trip

Wk 9

T 21
River Trip

Th 23 
River Trip

Wk 10

T 28
River Trip

Th 30
River Trip

November Wk 11

T 4
Lecture/Seminar:

Th 6
Lecture/Seminar:

Wk 12

T 11
Lecture/Seminar:

Th 13
Lecture/Seminar:

Wk 13

T 18
Lecture/Seminar:

Th 20
Lecture/Seminar:

Wk 14

T 25
Lecture/Seminar:

Th 27
turkey day

December Wk 15

T 2
Lecture/Seminar:

Th 4
Lecture/Seminar:

Wk 16
Reading Week

T 9 
Research Presentations all week

Th 11
Research Presentations all week

Some basic geology in its essence – to get us out into 

the field on Week 3

Plate tectonics

The crust of the earth is made up of a number of plates that slowly move over the surface, can change rate of movement, can change size, can change direction of movement, can suture into another plate, a single plate can divide into multiple plates, one plate can submerge under another plate, and can override another plate.

Driving mechanism is likely a form of mantle convection: hot magma expands and is less dense so it moves upward toward the surface; cold magma sinks only to heat deep within the Asthenosphere and maybe Mesosphere layers.

Crust is composed of two major types:


1) Continental – lighter/less dense (less specific gravity), typically thicker crust.


2) Oceanic – heavier/denser (greater specific gravity), typically darker in color, 



thinner crust.

Plates have three basic boundary types:


1) Divergent – two plates move apart (constructive), new crust being made – rift 



valleys of western Africa; upwelling/dome.


2) Convergent – two or more plates collide (destructive); subduction zone.


3) Transform fault – two plates grind past each other – west 



coast southern California.

Scenarios


1) Oceanic-Continental Convergence – west coast South America; continental



volcanic arc such as Andes or Cascade mountains.


2) Oceanic-Oceanic Convergence – Tonga, South Pacific; island volcanic arc.


3) Continental-Continental Convergence – India into Asia.

Rock – an aggregate of minerals; three basic types (below).  


1) Igneous – from magma (molten material), when it cools, it crystallizes into rock



Names based on chemical compositions and texture.



A) Volcanic (aphanitic or fined-grained – cools ‘quickly’)




[see handout for types of volcanoes].



B) Plutonic (phaneritic or coarse-grained – cools slowly).


2) Sedimentary – rock formed from the weathered products of preexisting rocks.



A) Detrital – broken rock that is named based on its size (see handout)




Size particles (clay ( boulder) can be transported (via rivers, ice, 



wind) and become lithified into rocks (shale/mudstone ( 




conglomerate).



B) Chemical – rock created either biochemically or inorganically.




i) biogenic or biochemic: coral reef (shells), chalk, coal




ii) inorganic: evaporation (cave formation; salt pan)


3) Metamorphic – a preexisting rock is subjected to temperature and/or pressure and forms a completely different rock; a changed rock. A history of temperature and pressure changes.

Lithification = turning into rock; the process of becoming a rock; crystallization, compaction, cementation.

Weathering

Rock of any type, in time, will break down into fragments (sediments). Climate controlled.


1) Mechanical (=physical) weathering



A) Frost wedging



B) Unloading



C) Biological activity


2) Chemical 



A) Water



B) Acid, typically carbonic acid

Soil – a combination of mineral and organic matter, water, and air that supports plant growth.  Climate controlled.  Variables; time, climate, plant/animal use, slope.

Mass Wasting

Down slope movement of rock, sediments, soil, under direct influence of gravity.


1) Controls


A) Water



B) Removal of vegetation



C) Over steepened slopes



D) Earthquake triggers


2) Types – naming partly depends on water content and speed.



A) Fall – fall, talus slope, rockfall (cliff collapse)



B) Slide – sudden, rapid: rockslides, slump (rotational) – usually along 




well-defined surface.



C) Flow – viscous fluid flow: debris flow, earthflow

Mountain Building

Deformation – general term that refers to all changes in the original shape and/or size of a rock body.

Deformation Types


1) Brittle – material fractures once their strength is exceeded.


2) Ductile – solid-state flow without fracturing.

Variables


1) Temperature and confining pressure

2) Rock type

3) Time
Folds


1) Anticline

2) Syncline

3) Monocline

Fault - Fracture with displacement (joint – fracture without displacement)


1) Normal – hanging wall down; dip-slip.


2) Reverse – hanging wall up, high angle; dip-slip


3) Thrust – hanging wall up, low angle; dip-slip


4) strike-slip or transform – horizontal and parallel movement.

Mountain building at Convergent boundaries; orogeny or orogenesis.  Mountains can form by collision of plates but can also be made by smaller plates being pushed onto and welded (accreted) to a continental mass

Running Water

Water moves by turbulent flow.  

Ability of moving water


1) Capacity – the maximum load of particles a stream can transport


2) Competence – the largest particle a stream can transport

The greater the speed of water and or the greater the volume of water means capacity and competence will increase.  Think of what we do to a garden hose – we put our thumb over the opening; this forces the same amount of water through a narrower opening – speed increases – this then allows us to move more dirt and larger pieces of dirt off the driveway. This concept will happen with streams and rivers.

Transportation

Sediments of any size that are moved by flowing water – directly related to capacity and competence.


1) Dissolved load – that material, such as salt, that is dissolved into the water.


2) Suspended load – that material carried by the water flow – it gives 



the Colorado River a muddy or colored appearance.


3) Bed load – that material pushed along by the river as the flow is not strong 



enough (=competent enough) to pick it up as suspended load. Material 



moves by bouncing (=saltation or saltating)

Deposition


When flowing water changes volume and/or speed then competence and capacity immediately change.  For instance – a raging and flooding river has high competence and high capacity and in a particular case it is probably carrying boulders, cobbles, cars, etc. as suspended load – only the BIGGEST boulders are the bed load. But as the flood begins to wane, competence drops therefore the largest boulders and the cars drop out to the bed load – they are being deposited. Soon, with flow lessening more, cobbles drop out, then sand, and finally clay as the water totally disappears.

Erosion


Continuing with the above scenario…another flood comes along, it begins small and rapidly increases. The water reaches the deposited clay, silt, and sand and immediately picks them up into suspended load. As the flood increases (volume and speed) now the boulders begin to move (as bed load) then saltating, then maybe even as suspended load.


As a river flows as a straight line, it reaches a particular speed for its volume and slope.  But if you were to put a u-shaped curve/bend into that river, the river will change. First on the outside bend of the river, the speed will increase…competence increases and erosion begins; we see this as a cut-bank or small cliff. But on the inside of the bend, the river has slowed, so competence decreases and deposition happens – a point bar develops.

Deserts and Wind

Sand Dunes – see handouts

Loess – wind (aeolian, eolian) carried silt-sized particles

With wind you can still have bed load and suspended load.  

Wind moves sand by saltation.  Wind has competence, just as with water.

Field trip for GLG 303 Jim Mead. September 2003

Where are we going:  We will head toward the remote north-west end of the Grand Canyon, a portion known as the Arizona Strip. We will have about 250 miles of dirt roads.  We will stop a number of places on the way.

How will be traveling: We will likely have three vans and my pickup truck.

How long a trip:  5 days and 4 nights.

Will I get dirty:  Oh yeah.

Will there always be ‘nice’ bathrooms along the way: Some places where we will camp there will be ‘portapotties’ but much of the time we will have ‘wilderness toilets’ – we will discuss this more later.

Are there any rules that are mandatory because of a state vehicle and that we will be on National Park Service lands:  Yes:  


1) You will not hike alone.


2) Do not bring drinking alcohol, controlled drugs, fireworks, or guns.


3) Do not bring climbing gear.

Will we encounter snakes and scorpions: I sure hope so – from a safe distance.

If we do encounter snakes and scorpions, what should we do: Just look at them, maybe take a picture.

Will it be hot or cold; dry or wet: I suggest that we plan on all aspects – we could get all types of weather during our 5 days.

Gear to bring (? = you might want this, totally up to you)

□ shirt – long sleeve; maybe bring 2?

□ shirt – ?short sleeve and/or T-shirt; 2?

□ long pants [suggest 2 or 1 long and 1 short]

□ ?short pants

□ hat [suggest brimmed]

□ ?bandana

□ boots; good hiking style, prefer ankle cover

□ ?sandals or flip-flops for camp

□ socks and underwear – hey, up to you

□ ?light jack or vest

□ rain jacket

□ ?sunglasses (extra contact lens)

□ ?binoculars

□ ? camera (new or extra batteries; if 


digital, extra batteries and cards)

□ headlamp (extra batteries)

□ ?whistle

□ ?knife

□ ?rock hammer

□ ?hiking pole

□ ?insect repellant/head net

□ sun block

□ day pack

□ water bottles (3 liters total)

□ sleeping bag and pad

□ tent [share with someone is up to you]

□ ?wash cloth & small towel; wet-n-dry

□ ?small sun shower

□ soap/toiletries

□ TP

□ folding camp chair

□ field note book

□ hand lens

□ kitchen gear:


cup, utensils – we will discuss.

Food – we will discuss - We will divide into groups of 3-5 people. Each group will have their own food list and their own stove (you supply it). I will make sure that we have gallons of water, and I will have a large two-burner propane stove to heat water and coffee for breakfast, so if all you need is hot water for your breakfast menu, great. Do not plan any elaborate breakfasts or dinners. 
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