“CRUST-BUSTING” FAULTS PROJECT: GEOS 304 (undergraduate structure)

INTRODUCTION:

“Crust-busting” faults, whether active or inactive, are regional-scale faults with trace

lengths commonly in the range of hundreds of kilometers. Crust-busting faults emerge

directly from plate-tectonic forces, and commonly record histories encompassing tens of

millions of years. The characteristics we see today, when examining a crust-busting

fault, is the ‘finite’ result of progressive deformation over time. In some cases a crust-busting fault may become dormant, only to become ‘reactivated’ hundreds of millions of years later. Some crust-busting faults may reveal exclusively brittle fabrics, others ductile fabrics, and still others a combination of brittle and ductile. It all depends on what depth-level of faulting (or shearing) is today exposed at the earth’s surface.

Crust-busting faults are wonderful devices to integrate facts and knowledge. And this is

the intention of the project. We want you to gain experience describing fundamental

physical and geometric characteristics; describing the kinematic properties; interpreting

the mechanics of faulting/shearing; and interpreting the faulting in relation to plate

tectonics.

ASSIGNMENT:

First, you will choose a crust-busting fault from the list provided at the end of this

document. If you wish to study one that is not on the list, you will need to gain approval

from me. I want to be certain that the fault truly qualifies, and that it is associated with a

helpful literature.

Second, you will prepare a 6-page document, with the following components.

STRUCTURE-TECTONIC MAP (page 1): A structure-tectonic map that has been hand drawn by you that pictures the geologic map expression of your crust-busting fault.

Somewhere near the base of this page you need to show a small index map of location,

north arrow, and scale. You also will show the literature reference (source) for the

map. Your map must be accompanied by an explanation of rock formations. You will

‘lump’ formations together into specific thick assemblages, e.g., Precambrian basement,

Paleozoic sedimentary formations, Mesozoic sedimentary formations, Cenozoic

sediments and volcanics, etc. Do NOT color-code, but instead designate with line

patterns. The explanation will also explain structural symbols: folds, faults,

bedding or layering, etc.

STRUCTURE SECTION (page 2): A geologic cross section (structure section) showing the fault relationships. Again, this section will be accompanied by an explanation of units, and will show the orientation of the section and the scale. You will also show the

source for this cross section. The cross section will be hand drawn and line-symbol coded by you, …not a ‘cut-and-paste’ from the literature. Avoid adding too much detail

and instead focus the reader’s eye on the key relationships.

FAULT DESCRIPTION (page 3): Through bullet-points, and in an organized fashion, you

will describe the key geometric attributes of your crust-busting fault: shape, length,

breadth, orientation, map pattern, associated structures (e.g., folds and faults), nature of

fault rocks, rocks assemblages affected, truncations and offsets, etc. Be sure to cite

sources for your information.

KINEMATICS (page 4): Through bullet points, and in an organized fashion, you will

describe the type of fault (normal, thrust, strike-slip, oblique), magnitude of slip, direction

of slip, sense of slip, nature of strain, sense-of-slip indicators, rotations (if any), etc.

Place the kinematics in a time frame: i.e., what happened when? In your own hand, draw

diagrams/pictures that show in cross-section or map view the progressive kinematic

development. For active faults include focal mechnisms and GPS data. Be sure to cite

sources of your information.

DYNAMICS AND MECHANICS: Through bullet points, and in an organized

fashion, describe the depth/temperature/pressure/rate conditions under which your

crust-busting fault evolved. Also describe the orientations of the principal stress

directions that can explain what is seen, including any possible variations in principal

stress directions over time. Be sure to cite sources of your information.

TECTONICS (page 5): In your own hand, draw a map (and if useful a cross-section)

showing the plate conditions and configurations that gave rise to your crust-busting fault.

Then, through bullet points, describe the tectonic origin, evolution, and significance of

your fault. Be sure to cite sources of your information.

REFERENCES (page 6): Use the journal Geology as guide to citing references. Your

document should include 3 or 4 references. Do not take all of your information and

maps/sections from just one resource.

PRESENTATION

You will present the results of your work to your class and TA during the final lab

session of the semester. This will be a lab session up to 4 hours in length, …sufficiently

long to assure that each student present for ~8 minutes and with time for a couple of

questions. In advance of the lab you will convert your 6 pages of work to transparencies or power point slides. Plan on handing-in a hard copy of your presentation to your TA.  (Incidentally, we have found that “transparencies” are the way to go, or alternatively ELMO viewing, in large classes, such as our 60-student structural geology course.  We have found that when time is an issue, we can get bogged down with computer glitches and software incompatibilities during power point events). 

LIST OF FAULT CHOICES:

Thrust faults/belts:

Moine Thrust, Scotland

Main Central Thrust, Himalayas

Main Frontal Thrust, Himalayas

Lewis Thrust, Montana

Keystone Thrust, Nevada

Zagros fold-thrust belt, Iran

Seattle Fault, Washington

Tien Shan, central Asia

Sierras Pampeanas, Argentina

Brooks Range, Alaska

Qilian Shan, China

Main Pamir thrust

Longmen Shan, China

Chelungpu Fault, Taiwan

Kettleman Hills, California

Whittier Fault, California

Sierra Madre Thrust, California

Santa Monica Fault, California

Oak Ridge Fault, California

Pine Mountain Fault, Tennessee

McConnel Thrust, Alberta

Sulphur Mountain Thrust, Alberta

Hebrides Thrust, Scotland

Glarus Overthrust, Switzerland

Santa Susanna Fault, Californa

Ventura Fold, California

Normal faults (systems):

Whipple Detachment fault, California

Catalina Detachment Fault, Tucson, AZ

Snake Range Detachment Fault, Nevada

South Mountain detachment fault, Phoenix, Arizona

Southern Tibetan detachment system, Tibet

N-S Trending Rifts in Tibet

Wasatch Fault, Utah

East African Rift

Red Sea Rift

Baikal Rift

Afar Triangle

Laguna Salada fault, Baja California

Atacama fault, Chile (Cenozoic)

Hurricane Fault, Arizona/Utah

Gulf of Corinth Rifting, Greece

Mederes Massif, Turkey

Tablelands Fault System, Bishop, California

Lost River Fault, Idaho

Grand Teton Fault, Wyoming

Strike-slip faults (systems):

Alpine fault, New Zealand

Altyn Tagh Fault, China

Calavaras Fault, California

Yammouneh fault, Lebanon

Anatolian Fault, Turkey

Motagua/Polochic Fault, Guatemala

Denali fault, Alaska

Altyn Tagh Fault, China

Karakorum Fault, Tibet (China)

Kunlun Fault, Tibet (China)

Red River Fault, Tibet (China)

Chaman Fault, India/Pakistan

Atacama Fault, Chile (Mesozoic)

Hayward Fault, California

San Andreas Fault, California (northern segment)

San Andreas Fault, California (creeping segment)

San Andreas Fault, California (southern segment)

Newport-Inglewood Fault, California

Owens Valley Fault, California

Landers Earthquake

Death Valley Fault Zone, California

Fish Lake Fault Zone, California
