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GeoMapApp is a free, Java-based geospatial application

It enables users to explore, visualize, and analyze a wide array
of geoscience data sets in a geographical context.

¥

digital elevations
earthquake data
geochemistry
plate motion information
research cruise tracks and profiles
sediment thickness grids
hydrothermal vent images




It has been developed by

It originally provided access
to the Global Multi-Resolution Topography compilation,
which features high-resolution bathymetry data
(about 100 m node spacing)
from multibeam surveys in ocean areas and topography datasets from
ASTER and the National Elevation Dataset for land.

Additional data has been integrated over time.




WHO IS USING GEOMAPAPP?
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The application is widely used in
geoscience education and research,
allowing users to interact with complex geospatial data sets effectively.

Its lightweight design and comprehensive features make it an ideal
platform for introducing students to different types of geoscience data.

(& /




Lo

=
s

A

DOWNLOAD
GEOMAPAPP

www.geomapapp.org



DOWNLOAD THE LINK
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GeoMapApp Links The current version of GeoMapApp is 3.7.5 (Released April 2025)
o GeoMapApp Home
o Recently-Added Data
o FAQ
o Help Pages
o Video Tutorials Y0IH
o User Forum

GeoMapApp is a map-based application for browsing, visualizing and analyzing a diverse suite of
curated global and regional geoscience data sets. These cover geophysics, geology, geochemistry,
physical oceanography, climatology, and more.

o Terms of Use

o Citing GeoMapApp
o Education

o GeoMapApp At Sea

o Development History
o eNewsletters

o Statistics
—

GeoMapApp provides data layering, display customization and analytical tools to support the analysis of
; multidisciplinary data sets. Choose from Mercator, North polar and South polar projections. Save the

Download Links p :

images for papers and presentations.

o Unix/Linux

o Macintosh Users can import their own grids, tabular data, images, and shapefiles. For imported grids, the color

o Windows palette, shaded relief, and contouring are customizable; users may also extract profiles and digitize grids.
o Previous Versions Imported table values can be edited and the map symbol, color and size are adjustable. Tabular values
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From the Download Links panel on the left, click the link for your computer's operating system.
On the web page that comes up for your computer, scroll to the bottom of the page,
read the terms of distribution and click AGREE to download the GeoMapApp.



START GEOMAPAPP

When the download is complete, locate the program file on your computer and
double-click the GeoMapApp icon to start the program.

600 Choose a Base Map Projection

Choose a Base Map Projection: Mercator Selected version 3.0.1

’ f K. Mel onian, Justin Coplan, 5ze-Man(Samantha) Chan, William B.F. Ryan
Funded By: Mational S{IEHEE F{}undatmn & Trustees of Columbia University

The Displayed Maps, Images, Data Tables are not to be used for Navigation Purposes.

( Cancel

Click Agree to select the default Mercator Base Map
(=linear scale is equal in all directions around any point,
thus preserving the angles and the shapes of small objects).
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once GeoMapApp is running, you'll see the map of Earth
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MAIN FEATURES OF GEOMAPAPP

DISTANCE/PROFILE TOOL

© Interpotaied Ponts

Elecation Data Sources
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MAIN FEATURES OF GEOMAPAPP

Datalayers menu

e0e@ GeoMapApp 3.7.5
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Click For Searchable Tear-Off Menus
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[~ Bathymetry and Land Topography  » :
4 Climatology >
Cryosphere >
Geochemistry >
Geology »> Geological Maps >
| | Geophysics > Geological and Tectonic Interpretations >
Human Impact > Seafloor Photos, Sediments, Stations and Locations »
| ‘ Oceanography »  Sediment Thickness > B0
Remote Sensing > Volcanoes and Seamounts >
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MAIN FEATURES OF GEOMAPAPP

Datalayers menu

Geologic map of France

.I Dubrseis Fotis Ses Cweieys Boskmarsy Brioreben Hilp — NASA Blue Marble

u [

Pamy marmn moEemy basma cum

e — -

Smith-Sandwell satellite
altimetry-derived free air
gravity anomaly

AVHRR average sea surface
temperatures
(1985-1997)



MAIN FEATURES OF GEOMAPAPP

Datalayers menu

File Basemaps Portals Datasets FocusSites Overlays Education Bookmarks Window Projection Help
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MAIN FEATURES OF GEOMAPAPP

Portals menu offers customized data access and manipulation interfaces specific to each data type.

e.g. 1) the ocean floor drilling interface provides customized core profiling and searching,
e.g. 2) the photographic transects portal offers seafloor dive photos arranged along the dive track.

File Datalayers Imﬂ! FocusSites Overlays Education Bookmarks Window Projection Help
@ I Ig Click For Searchable Tear-Off Menus Contribute

o, Bathymetry, Gravity and Magnetic Anomaly Profiles

Earthquake Focal Mechanism Solutions (CMT)

Earthquake Locations, Epicenter Depths and Magnitudes (ISC)
Locations/Timing of Seafloor Earthquakes and Volcanic Eruptions
Multibeam Swath Bathymetry

Digital Seismic Reflection Profiles

Analog Seismic Reflection Profiles

Ocean Floor Drilling

PetDB: (Updated June 2012)

Seafloor Magnetic Anomaly Identifiers

Seafloor Photographic Transects >
Search Expedition Data

GPS Velocity Vectors (UNAVCO) (beta)
Waypoints and Survey Planner (beta)
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MAIN FEATURES OF GEOMAPAPP

Portals menu

g

(Clockwise from upper left)

i

i

Seafloor dive photos on
high-resolution bathymetry
for the EPR 9N Ridge 2000

study site.

the DSDP/ODP interface
includes species range
charts, down-hole physical
measurements and
stratigraphic information.

Multi-Channel Seismic
reflection profiles over the
Aleutian trench.
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MAIN FEATURES OF GEOMAPAPP

The FocusSite menu menu provides quick links to specific datasets
(e.g. Ridge 2000 and MARGINS Focus Site data sets).
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T NSF MARCGINS Program

2 NSF GeoPRISMS Program
NSF Ridge 2000 Program
NSF OOl Program
Black Sea
Gulf of Mexico
Galapagos Spreading Center
Long Island Sound
Marmara Sea
Mediterranean Sea
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MAIN FEATURES OF GEOMAPAPP

Overlays menu: various overlays an be selected and toggled on/off, including a distance scale,
the inset map, coastlines, lakes and rivers and geographic/political names and boundaries.

-
[ O ) GeoMapApp 3.7.5
File Datalayers Portals FocusSites Education Bookmarks Window Projection Help

E @I H Q‘I &] @I L&I Click For Searchable Tear-Off Menus ———

Data
T T ./Bathymetry Data Credits
Color Scale
Distance Scale
+/Global Map Inset
Layer Manager

Lat-Lon Graticules, UTM Zones
Coastlines >
Continents

“{60°N

Country Boundaries
Geographic Names
Nighttime Lights - 2012

Lakes and Rivers

Watersheds

Local Administrative Boundaries
Maritime Boundaries
Oceanographic Fronts
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MAIN FEATURES OF GEOMAPAPP

File Datalayers Portals FocusSites Overlays Education Bookmarks Window Projection Help
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The Bookmarks menu allows the current view to be saved, zooms out to global view, and zooms
in to selected sites of interest.

Projection allows you to select both North and South projections.

Education-related links are given under the Education menu (you can contribute with you ideas)






veoiliEpApp
Py g R == Hawaiian Islands: Volcano Ages, Hotspots and Plate Motion
GeoMapApp Learning Activities Student Handout

Funded with NSF award 1035036

Andrew Goodwillie, Steve Kluge

Why? The Pacific plate is the largest tectonic plate on the globe. One of its most striking features
is the 6,000 km-long Hawaiian-Emperor Seamount chain. We use the ages of volcanic rocks to
study the history of the chain, its formation above a hotspot, and motion of the Pacific plate over
the last 70-80 Ma. Students are encouraged to think about the timing and nature of the distinctive
bend in the chain.

Structure of GeoMapApp Learning Activity: As you work through the GeoMapApp Learning
Activities you'll notice a box, [, at the start of many paragraphs and sentences. Check off the box
once you've read and understood the content that follows it. Doing so will help you keep your
place on the worksheet as your attention moves back and forth between your computer screen,
your instructions, and your answer sheet. This # symbol indicates that you must record an answer
on your answer sheet. Action steps are numbered like this: 15. 71 Questions are lettered and
indicated by the ¢ symbol, like this: 15a. [ ».

Learning Outcomes: By the end of this activity, you should be able to:

e [] Analyze data related to the age of volcanic rocks
[l Calculate the speed of plate motion using age and distance data
[l Analyze and compare speeds at different times in Earth’s history
L1 Speculate about the effects of tectonic activity on plate motions
[1 Assess evidence for the hotspot volcano formation model
[ Load and explore data tables in GeoMapApp
[1 Use the distance profiler tool in GeoMapApp

1. O Start GeoMapApp. With the zoom tool turned on, click two or three times on the north Pacific
Ocean. Then, to refine the area being viewed, place the cursor roughly at 168"W, 25°N and draw
the zoom box to 153°W, 18"N. This will zoom the image to the region of Hawaii.

2.0 We are going to explore a data set that
tells us the age of volcanic rocks collected
from the Hawaiian islands and seamounts.
The ages are determined using complex
radiometric age-dating techniques. Click on
the following menu options to load the data
set: Datasets -> Volcanoes and Seamounts ->
Ages of Pacific islands and seamounts:
Clouard,and Bonneville 2005. The map
changes size and the data table is displayed
below the map. Use the cursor to widen the
middle (third) column which lists the Average
Age (Ma) and the fifth column which lists




EXERCISE #1

Calculate
the seafloor spreading



WHAT IS THE SEAFLOOR SPREADING ?

Seafloor spreading is a geologic process
that occurs when tectonic plates move
apart, creating new ocean floor. It's the
primary mechanism that causes
continental drift.

1. Magma rises up to fill the gap
between the plates.

2. The magma solidifies into new oceanic
crust.

3. The new crust moves away from the
ridge, carrying older sediment and fossils
with it.
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TECHNICAL SKILLS
e Load and explore various grids in GeoMapApp
e Create seafloor age profiles in GeoMapApp

SCIENTIFIC KNOW-HOW

e Analyze data related to the age of seafloor crust

e Calculate seafloor spreading rates using profiles of seafloor age versus distance

e Analyze/compare spreading rates at various locations and at various times in Earth’s history
e Speculate about the effects of tectonic activity on seafloor spreading rates
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L_J J Click For Searchable Tear-Off Menus LJ LJLJ

"-,"" g?ltr::::::;ya“d Land Topography : T s e ’ - . Bathymetry, Gravity and Magnetic Profiles
A Cryosphere > Close

Geochemistry g o Detach Profile/Table
Geology » ¢
Geophysics > Backscatter/Sidescan > Import your own
Human Impact »  Earthquakes > MGD77 data file(s)
Oceanography > Gravity Anomalies and Geoid Heights »
Remote Sensing » Heat Flow B lmeamiae.

| Planets and Moon > S CRUST 1.0 model 3

L Magnetic Anomalies, Magnetization » Ocean Crust Thickness, Sediment Acoustic Velocities >
Tomography Models > Plate Boundaries (Bird, 2003)

Plate Qutlines (Bird, 2003)

y Plate Deformation and Velocity 3
120°E TA0E 160°E 180°E 160°W 140°W 120°W 100'  Plate Reconstructions >
Residual Basement Depth >
‘0;5“ I Seafloor Crustal Age (Muller 2008 v3)
00873 plot: no track loaded Seafloor Fabric and Magnetic Lineations (GSFML, Wessel etal.) »
01573 Seafloor Spreading Rates (Muller 2008 v3)
02580 Depth Seafloor Spreading Rate Asymmetry (Muller 2008 v3)
03373 Sediment Thickness >
03973 Gravity Subduction Slab Depth >
05077 Subduction Zone Residual Bathymetry (Bassett and Watts, 2015) »
06474 Magnetics Subduction Zone Residual Gravity (Bassett and Watts, 2015) >
g:‘;ﬁ Subduction Zone Trench Axis (Bassett and Watts, 2015) >
L . Next Parameter Volcanoes and Seamounts >
View Profile . | World Stress Map

The Seafoor Crustal Age grid will load and a Contributed Grids window will appear.



m SOUTH-ATLANTIC RIDGE
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SOUTH-ATLANTIC RIDGE

rO @ e GeoMapApp 3.7.5
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SOUTH-ATLANTIC RIDGE

The rocks at B and C originated
‘along the mid ocean ridge at A

37°W,22°S to 10°W,12°S

Profile

Save () Great Circle ® Straight Line (002°18'W 013°41°S) (002.30°W 013.68°S) 59.0 mY zoom =2.7

X-Scale [v]Autofit 10 kmiin. Y-Scale [v]Autofit 100 miin.
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SOUTH-ATLANTIC RIDGE

CHECK

Which variables are used to draw the profile chart, and on which axes are they plotted?

How many years are represented by each interval (step) on the y-axis?

What distance is represented by each interval (step) on the x-axis?

Where along the profile are the youngest rocks? Describe how the age of seafloor
changes as you travel from the spreading center to the South American and African
coastlines.

Is the age-distance profile roughly symmetrical on either side of the spreading zone?



SOUTH-ATLANTIC RIDGE

Rate is described as a change in distance over a period of time (= velocity!).

The average rate of seafloor spreading during a particular period of time can be determined by
analysis of the profile chart as shown in the following worked example.
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100
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\ c 50 Ma
A
o 1080 km
-0 1000 2000 : 3000 4000 5000
Distance at A ~2510 km e Age of seafloor at A ~ 0 Ma
Distance at B ~3590 km Age of seafloor at B ~ 50 Ma
Distance from A to B = (3590 km - 2510 km) = 1080 km Time it took for seafloor

to move from A to B
(50 Ma -0 Ma) = 50 Ma



SOUTH-ATLANTIC RIDGE

How much wider is the South Atlantic getting each year?

Explain how and why the appearance of this profile would change if the seafloor
had been spreading at a much greater (faster) rate?



SOUTH PACIFIC RIDGE

133°W,27°S to 90°W,32°S

. . Combined
Location Start End Spreafér;tg Rate Spre%?'af Rate Seafloor
Description Long, Lat Long, Lat (mm/yr) (m rﬁ /yr) Spreading Rate
(mm/yr)
South Atlantic 37°W,22°S 10°W,12°S 22 21.6 43.6

South Pacific 133°W,27°S 90°W,32°S 60 112 172



Describe the difference between the Atlantic and Pacific Oceans.

Explain a possible reasonably reason for this difference.

X . "

¥

- < convergent
< > divergent

<:> transform
Plate motion =5 cm/y ——3>

SE-2021 |



The Atlantic seafloor surrounding
the Atlantic mid-oceanic ridge is
attached to the continents at its

margins = the Atlantic margins are
passive margins.

The Pacific seafloor surrounding
the East Pacific rise is attached to
the subduction zones around the

b g Pacific margin which adds slab pull
€ b to the ridge push at the spreading
e center. These combined forces

increase the rate at which the
Pacific lithosphere moves away
from the spreading center



Location
Description

Australia -
Antarctica

B Pro

130°E, 33°S to 134°E, 63°S

INDIAN OCEAN RIDGE

Save @ Great Circle '_' Straight Line

Combined Rate (mm/yr) 62

(130°09°E 055°08°S) (130.16°E 055.14°S) 17.0mY zoom =2.1
X-Scale Autofit 10 kmin. Y-Scale Auto-fit 100 miin.
Noaith i i i i i i Sauth
o \ Australia - Antarctica Seafloor Age Profile -
C
D

\ r
% \ /
&
- % \\ /

""'--.__‘...___ :‘E'i_-.b.,_‘_‘_ - B i__,,.r"_,-f‘/
\..&
o ] ,_,..r-“'
0 400 300 1200 1600 2000 2400 2800 3200
Distance, ki
Spreading Rate Spreading Rate
Start (Present — 40 mya) (40 mya — 80 mya)
End Long, Lat . .
Long, Lat Left (north) Right (south) Left (north) Right (south)
(mm/yr) (mm/yr) (mm/yr) (mm/yr)
130°E, 33°S 134°E,63°S 33.6 28.4

5.1 6.9
Combined Rate (mm/yr) 12



describe the differences between the
different analyzed spreading rates

= Are ridges symmetrical (as usually shown on textbooks)?
= Are all seafloor spreading rates around the Earth currently constant?
- Are spreading rate of a single ridge necessarily constant over time?



EXERCISE #2

Volcano ages,
Hotspots
and
Plate Motion



PLUMES AND PLATE MOTION

Ages given
in millions of

years

€ 2000 Tasa Graphic Arts, Inc.

The Hawaiian-Emperor
seamount Chain is a long chain
of Pacific islands and extinct
underwater volcanoes.

The accepted explanation of
this structure implies the
motion of the Pacific plate
over a stationary plume.

age and distance
of volcanic data to
calculate the rate of
motion of the Pacific plate
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TECHNICAL SKILLS
e Load and explore data tables in GeoMapApp
e Use the distance profiler tool in GeoMapApp

SCIENTIFIC KNOW-HOW

e Analyze data related to the age of volcanic rocks

Calculate the speed of plate motion using age and distance data
Analyze and compare speeds at different times in Earth’s history
Speculate about the effects of tectonic activity on plate motions
Assess evidence for the hotspot volcano formation model



168°W, 25°N to 153°W, 18°N




168°W, 25°N to 153°W, 18°N

3 GeoMapApp 6 m|
File B ps Portals Datasets Focus Sites Owverlays Bookmarks Education Windows Help
1] & QLT | 2] fid 2 18] B3 ES
] iz Tool Box =
Close
| Detach Profile....
Load
Dispose
Configure
&4 22N Graph
VT Color T
21°M
Scale
i Bookmark
20°M 3
ﬂ Lasso Data
Data Table: Ages...| v
18°M| |
| Save -
| PlotRefresh
i 166" 164M0 TH2"W 160" 15870 186" 15470 a1 —]
(] Ti] [»] | | ¥/image Viewer =
R T
Data Table: Ages of Pacific islands and seamounts: Clouard and Bonneville 2005 r Symbol Color - None Selected |/ Symbol Size - None Selected |
Lon Lat Average age (Ma) |Avetage Bre.| Island/Seamount Name
204.0 208 1.3 0.0 WWest Maui =
203.3 1.2 1.8 0.1 hiolokai
2022 21.4 26 0.1 Cahu
2005 220 | 0.2 Kauai
198.0 230 72 0.3 MNihoa =
185.9 234 103 0.4 Mecker
183.7 236 12.0 0.4 La PCrouse Pinnacle T
20249 2449 65.5 4.3 Faumakua |
1821 21.48 82.4 3.7 Mecker Rise {(1440) -
Elevation Data sources () ES5

Click on DataLayers -> Geology -> Volcanoes and Seamounts -> Ages of Pacific islands
and seamounts: Clouard and Bonneville 2005 to load the data set of the age of volcanic
rocks (determined radiometric age-dating techniques) collected from the Hawaiian islands
and seamounts.
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... AND THEIR DISTANCE

Layer Manager

Global Multi-Resolution Topography (GMRT Click this up arrow to
E Opacity: | make the age data set
' move to the top

Data Table: Ages of Pacific islands and

i g E"}\ Opaciy: [

GMRT Image




CALCULATE THE PACIFIC
PLATE VELOCITY




CALCULATE THE PACIFIC
PLATE VELOCITY

@ CHECK

- How long ago did the bend of Hawaiian-Emperor seamount chain occur?

Some time between 41.5 Ma and 47,.3 Ma.



describe the Pacific plate motion



About 60 Ma, the Pacific plate was moving in a northerly direction T relative to the hotspot.
Currently the plate is moving in a northwesterly direction ™~ .



https://www.google.com/url?sa=i&url=https%3A%2F%2Fearthhow.com%2F7-major-tectonic-plates%2F&psig=AOvVaw1p715L7fZpii22EpdYjMvK&ust=1745940669519000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCPi0noqG-4wDFQAAAAAdAAAAABAE

What could be the cause of the
major change in the
organization of global plate
motions around 45 to 55 Ma?



The bend roughly correlates with the drastic change in the spreading rate observed
between the Australian and Antarctic plates (--> recall the activity on seafloor
spreading).

Possible explanations: = the slightly earlier collision of the Indian and Eurasian
plates that began forcing up the huge Himalayan mountain
range and producing the extrusion of East and Southeast
Asia;

- temporary locking of the subduction process in the NW
Pacific;

- the movement of the plume within the mantle.
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