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A review of EarthScope activities related
to this workshop (or, what do you need
to know about EarthScope to get by in

this meeting)

Basil Tikoff

University of Wisconsin - Madison

With thanks to Maggie Benoit (College of New Jersey)



EarthScope - #1 Most Epic Project!
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EarthScope

A telescope to peer deep into the heart of our planet

Designed to frack Morth America's gealogical evolufion, EarthScope
iz the largest science projact on the planet. This earth-sciences
observatory records data over 3.8 million sguare miles. Since 2003,
its more than 4,000 instruments have amassed 67 terabyles of
data—that's equivalent to mare than a quarter of the data in the
Library of Congress—and add another terabyte every six o eight
wesks

Scientific Utility

Researchers are using EarthScope, which consists of many kinds
of expariments, to examineg all facets of Morth America's gealogical
composition. Across the continental U.S. and Puero Rico, 1,100
permanent GPS units track deformations in the land's surface
caused by tectonic shifts below. Seismic sensors nat to the actve
San Andreas Fault in California record its tiniest slips, while rock
samples pulled from a drill site that extends two miles inio the fault
raveal the grinding and strain on the rocks that ocour when the two
sides of the fault slide past each other during an earthquaks. And
over the course of 10 years, small crews have hauled a moveable
array of 400 seismographs across the country using backhoes and
=sweat. By the time the stations reach the East Coast next year, they
will have collected data from almost 2,000 locations.

What's In It For You

Collectively, EarthScope's measuremants could help explain the
forces behind geological events such as earthguakes and volcanic
aruptions, leading to better detection. So far, data fram the project
has shown that rocks in the San Andreas Fault are weaker than
those outside it and that the plume of magma under Yellowstone's
supervolcano is even bigger than previously suspected.




What is EarthScope?

EarthScope's facilities include the following four coupled components:

USArray (United States Seis- n'“ InSAR (Interferometric Syn-
{"m“ mic Array): A combination \\ thetic Aperture Radar): A
-

of permanent, transportable remote-sensing technique FaCility development a nd

p {— "1 broadband, and flexible seismic arrays  will provide spatially continuous strain

> will map the structure of the continent  measurements over wide geographic I m p rove m e nt a re a b Ig pa rt

SCIENTIFIC TARGETS and the underlying mantle at high res- areas with decimeter to centimeter
FOR THE WORLD'S LARGEST,

OBSERVATORY POINTED olution. PRI Of Earthscope

AT THE SOLID EARTH

PBO (Plate Boundary Obser- SAFOD (San Andreas Fault Ob-
vatory): A fixed array of GPS _%l\ __| servatory at Depth): A borshole
receivers and strainmeters observatory across the San
will map ongoing deformation of the  Andreas fault will measure subsurface
western half of the continent, from conditions that give rise to slip on faults
Baja California to the Bering Sea, with  and deformation in the crust. S b' d 2009
a resolution of one millimeter or better n OW I r )
over regional baselines.

2001

-

Snowbird, 2001

Today

Unlocking the Secrets of the

EarthScope’s vision is to use North BRI Continent

An EarthScope Science Plan for 2010-2020

America as a natural laboratory
to gain fundamental insight into
how Earth operates.




Community Driven Science In
EarthScope

Unlocking the Secrets of the 4
North American Continent

An EarthScope Science Plan for 2010-2020

Williams, Fisher, Freymueller, Tikoff, and Trehu

Science Questions outlined through a
number of workshops culminating in

new science plan

Imaging the Crust and Lithosphere
beneath North America

Examine Active Deformation of the North
American Continent

Continental Evolution through Time
Deep Earth Structure and Dynamics
Earthquakes, Faults and Rheology of the
Lithosphere

Magma and Volatiles in the Crust and
Mantle

Topography and Tectonics

EarthScope and the Hydrosphere,
Cryosphere and Atmosphere



Current USArray Status
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TA coming to ENAM soon...

T /e

2006 Transportable Array Installation Plan
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How to talk EarthScope (US Array)

e TA —Transportable Array

— These are the seismometers that move in a swath
across the US (except Hawaii)

Note to geologists: The 70 km spacing of the TA will not
allow resolution of crustal features, save Moho depth

e FA — Flexible Array

— These are the ~400 broadband and intermediate
seismometers (passive) and ~1700 Texans (active).
The FA broadband seismometers are chronically
overbooked (booked ~2 years in advance). The Texans
sit idly some of the time.



Previous EarthScope workshops worth
knowing about

e 2007: EarthScope/Margins workshop prior to
2007 Biannual EarthScope meeting in
Monterey. Focused on areas of areas of
mutual interest to the two programs. This
resulted in joint EarthScope/Margins funding
for a Salton Trough project (SSIP).

e 2010: Cascadia Initiative in Portland (Joint
EarthScope/Margins funding for facility)

e 2004: Appalachian Geology



|. Tectonics and magmatism during
assembly of a late Middle Proterozoic
supercontinent controlled timing,
geometry and nature of the following
subsequent cycle of supercontinent
breakup and reassembly in

A Community Vision % eastern North America.

of EarthScope Science

Frontiers in Eastern o _

North America \ . Lateral transitions in the structure

A lachian Geologic Provi | ong .

g T AR _ and composition of mantle lithosphere
September 2004 Report compiled by: R from craton to margin (Archean

Baliston, VA A. Krishna Sinha

craton through Mesozoic rifted margin)
reflect fundamental changes in the
geochemical and geophysical

evolution of the earth.

[ 3= National lll. Deep subcontinental flow under the
«4 Foundation SER
The Workshop on A Community Vision of EarthScope Science Frontiers in Eastern North America e a Ste rn U . S o) d r I Ve n by t h e d e Sce n d I n g
was funded by the National Science Foundation (EAR-0345385) .
Farallon plate, influences

modern tectonics in the eastern U.S.

http://www.earthscope.org/es_d
oc/workshops/WS-
communityvision.pdf

V. Landscape Evolution of Eastern North
America



APPALACHIAN GEOLOGY:
KEY QUESTIONS FOR
EARTHSCOPE

Jim Hibbard

with input/ideas from: S. Barr, F. Cook, A. Dennis,
P. Karabinos, B. Miller, J.3. Murphy, D. Rankin,
M. Steltenpohl, K. Stewart, W. Thomas,
C. van Staal
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Southern Appalachians Marthern Appalachians

i -:T-:-a:»h‘:_lP'.a-ﬂ '.ﬂ".’ 1 P'..CEI.dEE

A

2 Shenandoah
3 Great Smoky

Laurentian Realm lapetan Realm peri-Gondwanan Realm

: ; - Carolinia Ganderia
] Piedmont domain / Peri-Lauentian arc | =] |: ! -Mc‘gumu
o 7 Peri-Gondwana arc
P. accretionary cplx. 2 LW A e Aealonis
Csubsurface)

BVEBL = Baie Verte-Brompton Line; CPsz = central Piedmont shear zone;
HLPGF = Hollins Line-Pleasant Grove fault system; RIL = Red Indian Line

Major lithotectonic elements of the Appalachian Orogen




Continental Structure, Deformation, &
Evolution (Hibbard et al.)

e What is the response of the subcrustal lithosphere to
the youngest events: Alleghanian shorteing (continent-
continent collision) & Mesozoic extension?

e Do remnants of older lithospheric scale events (e.g.,
suturing Carolinia) yet lurk in the lower crust to mantle
(e.g., NY-AL lineament, Paleozoic delamination/slab
breakoff events)

e Upper crustal geology records simple progressive
outward growth of the continent — is there any record
of this growth pattern in the lower crust and/or
mantle? If not, what pattern of growth is recorded
there?



Crustal strain and
deformation(Hibbard et al.)

What is the rheological persistence of lapetan
ridge-transform geometry and interaction of
oceanic fractures with the continent. If the
Moho and mantle are rejuvenated in the late
Paleozoic-Mesozoic, does the crust preserve
memory of this ridge-transform template?

Important point of all EarthScope activity: It is often
best at seeing large-scale patterns!



\pproximate position and extent of funded EarthScope experimen




What has gotten funded for FA
projects?

e Small groups (typically 2-3 seismology Pls,
typically 4-5 for integrated projects)

* Most groups contain a passive source
seismologist. Some contain only passive
source seismologists. A few contain active
source seismologist (SSIP, Bighorn, IDOR).

 There are multiple examples of 2-3
geophysicists and 2-3 geologists doing

integrated science. earth
SC®pE



ormation of Basement-Ilnvolved Foreland Arches:
ew Results from the EarthScope Bighorn Project

i s e ety

Eric Erslev* and Karen ﬂydlman‘ “Unfumty p___*.- yoming; Anne'l'-' Sheehan
William L. Yeck, Zhaohui Yang, Colin G’Rnlfrl%'e and Joshua C. Stachnlk
Iniversity of Colorado; Kate C. Miller and Lindsay L. Worthington, Texas A&l
iversity; Megan L. Anderson and Christine S. Siddoway, Colorado Colleg

and Steve H. Harder, University of Texas at El Paso
' Speaker PI S hlghlighted in yellnw
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BASE: 5 Passive and Active Seismic Experiments

» 39 (27) broadband stations
— 1 year, 35 km spacing

* 170 short period stations —
6 months, 5-10 km spacing

* Active source experiment —

1800 Texan seismographs,
24 shots 0.1 -1 km

* Passive Texan deployment,
850 Texan seismographs,
12 days, 1 km spacing

* three 5-element regional
arrays, one w/ co-located

. Tuancpotatis Leray 3 o M2029
infrasound, 6 months el v e—) > M30as
" P line Sou e Sabicn ' A """ '1"'_-'! q'i-;
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Sealevel

Character of Laramide faulting in the crystalline core

of the Bighorn arch
Christine Siddoway // Colorado College

Cross-section from Stone (1993)

20 km-+

avg top, 7xx-

40 km-

—
-

Different predictions of Moho:
Testable with seismology

Pre

Bighorn Arch

. e R Topography
W / Top of pre-Laramide strata

Top of Precambrian basement

Moho Geometries

Case 3: Lithospheric buckling

Case 1: Lithospheric fault blocks ___L_h—\

Avg Moho

Case 2: Crustal detachment

Case 4: Pure shear "squashing"

60 km



Presenter
Presentation Notes
Aims of structural research in Archean core of arch:
How did the crystalline basement, which lacks layer anisotropies,  deform into the shape of the arch and acquire
structural relief on the basement nonconformity?


The SESAME Array

= — S SESAME: Imaging the

e "mi o .

O | lithospheric suture between
Laurentia and Gondwana and

| subsequent rifting processes

e
—— ‘\

-~
— -
—_—

e Funded by NSF/EarthScope
85 BB USArray/FA seismometers
* Pls:
e Karen Fischer, Brown Univers
e Rob Hawman, Univ. of Gec
ransportabl Aray e Lara Wagner, UNC, Char

(O GSN - IRIS/USGS
<{> USNSN

b < one * Don Forsyth, Brow
e Stations deployed 20
e In field until 2C

o \\/i

30°



Presenter
Presentation Notes
SESAME: Southeastern Suture of the Appalachian Margin Experiment
SESAME stations appear as blue, grey and black dots.
The magenta lines show the location of southward dipping crustal reflectors (from COCORP reflection lines) that have been interpreted as the location of the lithospheric suture in the crust.


What happens after 20157

T /e

2006 Transportable Array Installation Plan
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Passive-Aggressive Margin
Observatory (PAMO)

Highest hazard




A Community Vision
of EarthScope Science
Frontiers in Eastern
North America

(Appalachian Geologic Province)

September 2004 Report compiled by:
Baliston, VA A. Krishna Sinha

F o™ National
“~w Science

+ Foundation

The Workshop on A Community Vision of EarthScope Science Frontiers in Eastern North America
was funded by the National Science Foundation (EAR-0345385)

http://www.earthscope.org/es_d
oc/workshops/WS-
communityvision.pdf

IV. Spatial Variations in Lithospheric
Thickness and Structure and
Temperature

Distribution Influence the Occurrences,
Spatial Distributions, and Stress
Directions of Modern Earthquakes, and
Neotectonic Deformations in the
Intraplate Eastern North America

-Tectonic Strain Accumulation in Eastern
North America

-Seismic Hazard Delineation by Regional
and Focused Local Earthquake
Monitoring

-Intraplate Earthquakes and Lithospheric
Structure in Eastern North America



How are EarthScope and GeoPrisms
going to interact?

~—\ Geodynamic Processes
earth Geo at Rifting and
SCOPE WA . subducting

Margins

What are their differences?
What are their similarities?
Where are the areas of overlap for
mutual benefit?



g

esac%}pl-e % A O Alignment of EarthScope and GeoPRISMS
—= ”f" | Ll science objectives
RIE questions - Continental Rift | Evolution of rifting Control of Mechanisms and Cross the
EarthScope targets Initiation processes architecture of consequences of fluid shoreline?
| rifted margins and volatile exchanges
v with earth, oceans,
atmosphere
Imaging crust and
lithosphere X X X ¥
Active deformation of the
continent X X 'l
Continental evolution
X X X hd
Deep earth structure and
dynamics X Y
EQs, faults, and rheoclogy
of the Iithosphere X X X Y
Magmas and volatiles in
the crust and lithosphere X Y
Topography and tectonics
X X X hd
Connections to
Hydrosphere, crysophere, X ¥

atmosphere




Summary

~—\ Geodynamic Processes

e&r th at Rifting and
SC@pe Subducting
Byt o Margins

e Both programs have community driven
science, but the approaches are a bit different

e In particular, EarthScope has only supported Pl
driven science, without the explicit
designation of research areas (unless you
count the continental US as the research area)

e This workshop is designed to outline the
common research objectives
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