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Part 1: Analyze
GPS data from
two stations to
determine tectonic
plate motion

Part 2: Investigate
deformation of the
crust at two
stations In
California

Extension: explore
more GPS data

Organization




Activity outcomes

You should be able to:

* Describe high-precision GPS and its
application to plate tectonics;

* Interpret GPS graphs to determine how
the GPS station is moving; and

* Describe tectonic plate motions along the
San Andreas fault.



Processed data

SBCC GPS STATION Vertical
Date North (mm) | East (mm) (mm)
. .. 1/1/2004 | -37.67 36.57 2.33
* Near Mission Viejo, CA.
 Position data is collected  |[/#2004] 3804 | 3578 | 563
every 30 seconds. 1/3/2004 |  -37.16 35.83 4.69
* One position reading is 1/4/2004 | -37.34 36.34 5.36
developed for each day:
1/5/2004 | -37.59 36.44 9.11
* North
« East
. Vertical 1/1/2005 |  -9.43 9.63 2.36
1/1/2006 |  16.48 -18.09 7.35
1/1/2007 |  45.98 43.42 6.43




Position {ime series plot

SBCC (SBCC_SCGN_CS1999)
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Units of measurement

X-axis Is typically shown as 10ths of a year.
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Part 1: Time series data
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We challenge ourselves to transform human understanding of the changing Earth by enabling the integration of
innovative technologies, open geodetic observations, and research, from pole to pole.

EDUCATION USING GEODESY

1. Go to

HIGHLIGHTS

WHAT'S HOT AND WHAT'S NEWS

Let us know what you think about our web site redesign

EarthScope Airborne LiDAR Data Products from California and
Washington State Released in January 2010
May 6, 2010

Semi-annual UNAVCO member equipment purchase Jan.-Mar. 2011 for
volume discounts on GPS equipment

New EarthScope airborne LIDAR data products from California  Employment Opportunities
and Washington state were announced in January 2010. With this
release, DEM tiles and KML files from all southem and eastern
California targets are now available, including faults in the Mojave
(Lenwood, Helendale, Calico, Blackwater), eastern California
(Panamint, Tin Mtn, Mud Hills, Hunter Mtn, Owens) and San
Cayetano. Of these new targets, point cloud data are currently
online for Panamint, Ash Hill, Tin Mtn and San Cayetano, with
point data for all remaining targets to follow shortly. Also with this
release, KML files and point cloud data from the Yakima fold and
thrust belt in Washington are now available. DEM tiles will follow

COCONet Workshop: Community Science, Station Siting, and Capacity
Building

The Scientific Value of High-Rate, Low-Latency GPS Data; A White
Paper [PDF]

2010 Earthquake Event Responses
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Data for Educators website
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Selected GPS Stations

home - education & outreach - data
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* Links
- DLESE Search
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2.

Looking for interesting data to use in your course? We've worked with educators and scientists to identify GPS stations that illustrate various Earth science proce
data are the same quality that many scientists use in their research and is in a MS Excel readable format called CVS.

GPS data that show... Selected GPS Stations
... tectonic plates moving and deforming
GPS Data Products
2

Station Id Location

ALBH Albert Head, Victoria, Canada

BEMT Twentynine Paims, CA

NEAH Neah Bay, WA

SBCC Mission Viejo, CA

SEAT Seattle, WA

Educational resources using these stations

* Exploring Plate Motion and Deformation in California Using
GPS Time Series Plots Analyzing real time-series data of
two GPS stations to determine plate tectonic motion
Analyzing Piate Motion Using EarthScope GPS Data with
the Pacific Northwest as a case study
Earth Exploration Toolbook Chapter: Learn how to use GPS
to visualize plate tectonics in the Pacific Northwest.
* Exploring Plate Motion and Deformation in Cascadia Using
GPS Data: Designed as a large class (50+) exercise
« Episodic Tremor and Slip in the Pacific Northwest: When is
the next big
unexpected movements): Designed for middie school
students, grades 6 - 8. Students explore episodic tremor and
slip in the Cascadia region by using GPS Time Series Plots.
. i between
and Plate Boundaries in the Western United States:
Learners use the web-based data viewing tool, EarthScope
Jr., or the included map packet to visualize relationships
between . and plate in
the western United States.

To see these stations on a larger map and discover more GPS stations and data, try t
Archive Interface. To explore GPS velocity vectors, try the UNAVCO Velocity Viewer. *
GPS Data Products is a proof of concept / beta prototype, occasionally has glitches at full-Earth view, and
work on older browsers (<Mac OS X 2.9).

... movement on different sides of a fault

Statinn 1d 1 acatinn

Zoom in near Southern California.



Station information

3. Click on the balloon labeled “SBCC” or
"BEMT" near Los Angeles.

Click on the link for
“‘PBO Station Page.”

Download Time Series Data
Excel-compatible format - [CSV]




UNAVCO

earth
scope

Community Services

home - pbo - station - overview - SBCC

CVIVIN Data Products | Station Health | Maintenance | Photos |

SBCC Station Overview

Photo:SBCC Overview
Photo - (CLICK TO
ENLARGE)

Station Information
Station Status:
Station ID:

Station Name:
Location (City, State):
Monument Type:
Station Install Date:

Station Position

SOCC (S00C_SCGM_C51999)

Latitude:
i Longitude:
i Elevation:
Station Data
s \ IGS Site Log:

Installation Report:
Time Series Data:

Time Series Plot Viewer:
Realtime Dataflow:

Meteorologic Plots:
Station KML:

Colocated Instruments
None

GPS Monument Coordinates
IGS05 Reference Frame

4. Retrieve the station’s information and time

series plot.

Station Type: GPS

Installed/Operable
SBCC
SBCC_SCGN_CS1999
Mission Viejo, CA
DDBM

1999-11-08

33.552999
-117.661485

88.695m /291 ft

Text File

BIRT Report

Excel Compatible [CSV]
Nearby GPS Plots

Not Available

Not Available

XML File

Overview page
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Overview page

5. Work with a partner to answer questions 4
and 6 about BEMT and SBCC.

. o
ed SBCC (SBCC_SCGN_CS1999)
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Height (mm)

v'Use the elevation
listed under SNARF.

v/ Click on the
Station Position
graph.

v Use the Station
Position plot “Most
Recent Raw Data
Times Series Plot.”



BEMT and SBCC

SBCC (SBCC_SCGN_CS1999) BEMT (BEMT_SCGN_CS2001)
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What are the units of measurement for
these time series?
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How quickly is BEMT moving north or south?

o 4
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North (mm)

Average position on 1/1/2010 = mm
Average position on 1/1/2005 = mm




UNAVCO

How quu:kly IS BEMT movmg north or south?
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How qwckly Is BEMT movmg north or south?

-10 -~
-20 -
-30
407 !
-50 - :
-60 - I
|
|
I

North (mm)

70 -
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Annual northward speed of BEMT = (6 - 29 mm)/5
years

= 23 mm/dyrs
= 4.6 mm/yr to the north for BEMT (+/- 0.27)
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How quickly is BEMT moving east or west?
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What general direction is BEMT moving?
Average position on 1/1/2010 = mm
Average position on 1/1/2005 = mm




UNAVCO

How quickly is BEMT moving east or west?
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How quickly is BEMT moving east or west?
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Annual speed of BEMT north = (62 - 42 mm)/5
years
=20 mm/5yrs
= 4.0 mm/yr. BEMT is moving westward.

East (mm)




North (mm)

Height (mm)

-
o
1

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Now do SBCC.

Speed of SBCC:

= 27.3 mm/yr to the
north

= 26.1 mm/yr to the
west



Plate movement via vectors

UNAVCO GPS Velocity Viewer * GPS velocity vectors show how the surface of the Earth is moving.
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What's a vector?

Anatomy of a Vector

The direction of the vector
shows the direction

pan A vector
the GPS station is shows speed
moving

and
direction of
motion.




UNAVCO, Graph paper as a map

. 25
Each axis uses the same

scale--millimeters. {20

On your graph paper, 15 T

each block represents 1 =
£

mm. 10

North (

Where is the origin on ’

this graph? :
20 -15 -10 -5 0
East (mm) —>




Plotting vectors: North

Step 1. Draw the first NEN RSN RN
vector along the North T 25
axis with the tail at (0, 0). | S

To show BEMT moving | NENN NN NN 15T
4.6 mm to the north | H  E
every year, draw a vector |- 110 &
4.6 blocks along the | A
north axis. — 1 5
/}
0

-30 -25 -20 -15 -10 -5 0
East(mm) ——>»



UNAVCO, Plotting vectors: East
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Step 3. Add the vectors by
drawing a new vector
from the origin (0, 0) to
the end of the east arrow.

"his final vector shows
the direction and distance
the GPS station and the
land beneath it moves
each year.
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-20
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East(mm) ——>»

10

Adding vectors graphically

North (mm) ———>»



Adding vectors mathematically

Apply the Pythagorean theorem:

BEMT moves \x2 +y2 &%
= V4.62 + 4.02 S0 95 20 -iEgst(;;)1o;i 0
= 6.1 mm/yrto the northwest.




Velocity of tectonic plates

= 6.1 mm/yr
to the
northwest

8 -26.1mmE
5| =37.8 mmlyr
A to the
northwest




Wait a minute!

The
vectors
point the
same
direction




But this Is a transform fault!

| The velocities are
| relative to the
| center of North

| America.

| Imagine you are on
- | athree-lane

| highway, driving in
4| the middle lane...
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What's happening here?

CARH (CARH_SCGN_CN2001) CAND (CAND_SCGN_CN1999)
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Part 2: Deformation




GPS and earthquakes

How much slip on the fault occurred during the
event (using the CAND time series plot)?

~ 75 mm south and ~ 60 mm east, resulting in
96 mm combined slip to the southeast.

How did the CAND station’s position change--
during the earthquake? It jumped to the SE.

after the earthquake?

It continued to move SE until ~Jan
2005, then resumed its NW movement.



GPS and earthquakes

What was the magnitude of the Parkfield
earthquake based on the slip that you
calculated?

M = |OQ1Q(D) + 6.32 M = |Og1(_)(.096) + 6.32
0.9 0.9
where M = magnitude M=5.9

D = average slip in meters (According to the USGS,
the Parkfield earthquake

[1000 mm = 1 meter] was a magnitude 6.0
quake.)



Recurring earthquakes

Red = epicenters
of the main 2004
shock and
aftershocks
within one month
of event

Yellow =
earthquakes
1973-2006




Recurring earthquakes

~96 mm total slip in 2004.

e
-

There, the Pacific plate moves |
past the North American plate
~17mml/yr.

~ oy

156 R e .
F120.8° -1206'

How long should it take to build enough strain
to cause an earthquake with a similar
magnitude?

96mm/17 mm per year = ~5.6 years



Recurring earthquakes

Observed frequency | %
of M6 earthquakes Historical M 6
during the 20th Parkfield
century? Earthquakes

~every 20 years 1966

1934 ¢

Predicted frequency: 1922

96mm / 17 mm per 188:901

year = ~5.6 years Future Earthquakes?

Why are these 1850 1900 1950 2000 2050
numbers different?



Recurring earthquakes

o | s Why are
I IO QR BT A (88 3 e GO SRR O T - 7 | the
J s different?

2% Historical M 6 7
Parkfield
=8 Earthquakes

Future Earthquakes?

1850 1900 1950 2000 2050



Explore more sites




Explore more sites

Station ____North _____East

P474 26.63 -26.70
P479 22.38 -23.04
P600 7.53 -8.35

P601 3.62 -5.46



Explore more sites

- urk

o B Nt
v Ol e
alinga et

&~ "l "1 Choose sites
s . " dincreasingly far from
L the epicenter, such as:
~ MNMC

CAND & CARH
MASW

LOWS & CRBT,
and so on...



Explore more sites

Station ____North _____East

CRBT 32.15 -26.55
LOWS 32.48 -26.05
MASW 33.22 -25.25

MNMC 11.15 -7.63



What you learned today

* How high-precision GPS works and its
application to plate tectonics;

 How to find GPS and tectonic plate
velocities from GPS time series plots;

 How the Pacific plate moves compared to
the North American plate along the San
Andreas fault; and

 That motion on faults continues after
earthquakes.
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