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•Early PASSCAL experiments
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Jones Photo)
Field Seismology in the 1980’s –
still using helicorders for some experiments



Field Seismology in the 1980’s –
Assortment of digital recording
Varying formats
Data not usually shared, archiving ad hoc
Limited recording capacity (event triggered)
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Late 1970’s and Early 1980’s - Reports from the National 
Academy helped lead to the development of the IRIS 
Consortium

1983

1983
1977

1983



The Original IRIS Proposal to NSF 
(the ‘Rainbow Proposal’) 

December,   1984



1984 IRIS ‘Rainbow’ Proposal 

Proposal for a ten-year program for the implementation of four major 
national facilities for seismology:
• A Global Digital Seismic Array

featuring real-time satellite telemetry from one hundred modern 
seismographic observatories

• A Mobile Array 
comprised of one thousand portable digital seismographs to be used for 
studies of the continental lithosphere

• Central Data Management and Distribution Facilities 
to provide rapid and convenient access to the data sets for the entire 
research community

• A Major Computational Facility
capable of supporting the analyses of these new data
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IRIS: A Program 
for the Next Decade 
PAGES 213-219 
Stewart W. Smith 
Incorporated Research Institutions 
for Seismology, Arlington, Va. 

The Incorporated Research Institutions for Seismology (IRIS) Consortium has 
produced an ambitious plan for new seismological research facilities to be devel-
oped during the coming decade. The plan reflects a broad consensus among seis-
mologists in this country with respect to both the need for improved data and the 
potential for significant scientific advances that can occur as a result. The three 
elements of this program are a 100-station broadband global network utilizing 
satellite telemetry, a 1000-station portable network of advanced digital seismo-
graphs, and a national center for management and distribution of the data gen-
erated by these networks to the research community. The purpose of this paper 
is to provide a brief overview of the long-range plan and an update as to the pro-
gress made to date. 

Introduction 
In a major departure from the traditional 

single-investigator approach to research sup-
port, the seismological community came to-
gether in 1984 in a national grassroots move-
ment to create a consortium of research uni-
versities for the purpose of implementing, 
through a cooperative approach including in-
dustry and government agencies, a set o f ini-
tiatives for critically needed national facilities 
necessary to support seismological research in 
the coming decades. IRIS, the Incorporated 
Research Institutions for Seismology, a non-
profit corporation, was founded May 8, 1984. 

T h e IRIS proposal [McEvilly and Alexander, 
1984] that emerged from this effort repre-
sented the collective request from the U.S. 
seismological community for a set o f moder n 

research tools. T h e tools, or national facilities, 
will serve the earth sciences as primary data 
sources well into the next century. Replace-
ment o f the present vintage equipment with 
modern instrumentation and data manage-
ment systems is a necessary step in achieving 
a major improvement in our ability to under-
stand the earth's interior. 

Our knowledge of the earth's interior is 
now limited by data quality and quantity. 
Theory and analysis techniques exist to im-
prove our view of the subsurface substantial-
ly, beyond the thin skin accessible to the drill. 
Important questions in geodynamics, re-
sources, and geological hazards deman d this 
improved understanding of our earth. This 
IRIS program will provide the next genera-
tion of geophysicists with the means to ad-
dress these questions. 

T h e 1986 A G U Spring Meeting marks the 
first anniversary in the operational life o f the 
IRIS Consortium. It was a year ago that plan-
ning funds became available from the Nation-
al Science Foundation (NSF) so that commit-
tee work could begin t o b e translated into ac-
tion. It was also the first time that hard 
choices about allocation of limited resources 
among compet ing programs were faced. This 
report reviews the early experience in the op-
eration of the consortium and the specific 
progress that has been made during the past 
year toward our long-range goals. 

The Current IRIS Program 
Until October 1985, the physical existence 

of IRIS was limited to a mail drop at the 
A G U headquarters building in Washington, 
D.C., a convenience for which we are grate-
ful, and an electronic mail system that linked 
key members o f committees across the coun-
try. Without the latter it is difficult to imagine 
how the enterprise could have functioned 
during those early days. Space was leased, 
furnished, and occupied during October 
1985; a small staff was assembled to begin op-
erations at that time. 

IRIS represents the first attempt by seis-
mologists (of the dry land variety, anyway) to 
organize and operate such a consortium. 
There are, of course, a number of successful 
precedents in other disciplines to use as mod-
els, such as the University Consortium for At-
mospheric Research (UCAR) and the Joint 
Oceanographic Institutions (JOI). As new-
comers to this style o f operation, we are just 
beginning to learn the kinds o f things that 
are necessary to make it successful. As ex-
pected, one of the keys has been the sublima-
tion of specific institutional and individual 
priorities in order to promote the larger goals 
o f IRIS. That this seems to work is a result of 
the widespread effort that went into the early 
planning and deve lopment o f the science 
plans [IRIS, 1984a,b]. With scientific goals 
and priorities so generally agreed u p o n in ad-
vance, the deve lopment of priorities for spe-

0096-3941/86/6716-0213$ 1.00 
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The PASSCAL program was an important 
part of the original IRIS Proposal
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cine plans and programs can be made with 
relative ease. 

Scientific direction for the programs is pro-
vided by nine-member standing committees 
representing each of the three elements o f 
IRIS, and an executive committee that acts 
for the Board of Directors. All members have 
3-year appointments. Officers, Executive 
Committee members, and standing commit-
tee chairmen during that first critical year 
were 

• T h o m a s V. McEvilly, Acting President 
and Chairman, Board of Directors; 

• Shelton S. Alexander, Vice Chairman, 
Board of Directors and Chairman, Data Man-
agement Center; 

• Brian J. Mitchell, Treasurer; 
• Gilbert A. Bollinger, Secretary; 
• D o n L. Anderson, Executive Committee; 
• Adam Dziewonski, Chairman, Global 

Seismic Network; 
• J. Freeman Gilbert, Executive Commit-

tee; 
• Robert A. Phinney, Chairman, Program 

for Array Seismic Studies o f the Continental 
Lithosphere (PASSCAL); 

• Robert Smith, Executive Committee; 
• Stewart W. Smith, President and Chief 

Executive Officer. 
In addition, there are 10 subcommittees and 
working groups that function in an advisory 
role to the standing committees, as well as a 
high-level Senior Advisory Committee that 
advises the board and an Interagency Adviso-
ry Group that advises the NSF. Well over 100 
individuals from universities, government 
laboratories, and private industry throughout 
the country were directly involved in formu-
lating the science plans that are the under-
pinnings of the IRIS organization. 

In the year since the first planning funds 
have become available, considerable progress 
has been made in developing detailed plans 
and initiating projects. Highlights of these ac-
tivities are discussed below. 

Global Seismic Network 
(GSN) 
DWWSSN Upgrades 

Five sites have been selected for upgrading 
with Streckeisen STS seismometers in 1986 
and early 1987. The y are all Digital World-
Wide Standard Seismograph Network 
(DWWSSN) sites, with digital data logging fa-
cilities available, so that the upgrade can be 
made with only minor modifications to the 
existing facility. Since the original sensors at 
these sites, along with their normal analog re-
cording, will no longer be available, systems 
for digital simulation to produce visible re-
cordings with the characteristics o f these fa-
miliar instruments will have to be provided. 
This work is being funded by IRIS and im-
plemented by the Albuquerque, (N.M.) Seis-
mic Laboratory of the U.S. Geological Survey 
(USGS). T h e proposed stations are Afiamalu 
(South Pacific), Quetta ( Pakistan), Kevo (Fin-
land), T o l e do (Spain), and College (Alaska). 

IDA Upgrades 

A review of Project IDA (International De-
ployment of Accelerometers) in this issue (p. 
203) describes that network and the pioneer-
ing work in low frequency seismology that it 
made possible. As IDA stations are upgraded 

to three-component broadband systems, 
which will produce a very large increase in 
data flow, they will become integrated into 
the new global network in order to provide 
efficient maintenance and quality control on 
data. 

A new vault for the IDA station on Easter 
Island is currently being installed. IRIS is co-
operating with the University of California, 
San Diego (UCSD), group and providing ad-
ditional funding such that the piers and facil-
ities here can be made suitable for the instal-
lation of a three-component set o f se ismome-
ters. Since this is a fairly remote station, full 
deve lopment into an IDA/IRIS station will 
provide experience of particular importance, 
because an early priority for IRIS is the de-
velopment of other Pacific island stations, 
such as Wake, Johnston, Kwajalein, and Mid-
way. Noise conditions for horizontal compo-
nent instruments are likely to be such that 
borehole installations may be necessary at 
some of these island sites. 

Plans are now being developed for joint 
upgrading of a number of IDA stations, with 
sensors provided through the generosity o f 
philanthropists Cecil and Ida Green and data 
logging and communications equipment pro-
vided by IRIS. Stations proposed for early 
upgrading are Alert (Canadian Northwest 
Territories), Southerland (South Africa), Rar-
otonga (Cook Islands), Pinon Flat (Calif.), 
Eskdalamuir (Scotland), Erimo (Japan), and 
San Juan (Puerto Rico). 

Data Collection Center 

IRIS and the USGS have jointly agreed 
that routine operation and maintenance of 
the new global network, including data collec-
tion, will be carried out at the Albuquerque 
Seismological Laboratory. Currently, all data 
from the Global Digital Seismic Network 
(GDSN) is collected and processed here. T h e 
volume averages about 30 megabytes per day, 
which is close to the saturation point o f the 
current system. T h e addition of data from 
the China Digital Seismograph Network this 
year, as well as from the upgraded IRIS sta-
tions, clearly calls for revamping the existing 
data collection and processing system. Buland 
[1985] has deve loped a plan for a modular 
system that should permit both a significant 
increase in the vo lume of data and a smooth 
transition to the new system with min imum 
d o w n time. His plan is for a local area net ap-
proach, based o n a system of 32-bit micro-
processors. In order to minimize labor-inten-
sive tape handling, e n o u g h mass storage to 
keep all active data on-line will be required. 
IRIS and USGS are proceeding jointly to 
complete this new modular data collection 
center during 1986, with IRIS providing the 
necessary hardware and USGS providing the 
personnel and software. 

Telemetry 

A program for evaluation of global teleme-
try options for IRIS has been underway at 
the Stanford Satellite Communicat ions Plan-
ning Center and at U C S D for the past year. 
Researchers there have exper imented with an 
economical low-power system that uses the 
"spread spectrum" technique, implemented 
by Equatorial Communications , Inc. (Moun-
tain View, Calif.). With data from a domestic 
satellite, they have successfully demonstrated 
that this system can handle two-way, 1200-bi t 

per second (bps) data streams. T h e y have also 
developed station-to-computer protocols, sim-
ulated seismic data transmissions, and tested 
error rates under differing conditions. Since 
the data streams envisioned in design goals 
for the IRIS network can be accommodated 
with reasonable data compress ion into this 
bandwidth, it appears that this particular 
technology is appropriate for our use. Since 
the experiments were d o n e with a domestic 
satellite, and since the antenna configuration, 
as well as some other technical considerations, 
will be slighdy different when using interna-
tional satellites (Intelsat), an international 
demonstration exper iment may be necessary 
as a next step. Further testing is now going 
on , using a transmitting site at a remote seis-
mic station and recording the data at UCSD. 
A further exper iment between Hawaii and 
IRIS in Arlington, Va., is p lanned for 1986. 

A n important deve lopment has been the 
recognition that the inherent two-way com-
munications that are provided by this system, 
originally planned only for issuing commands 
to stations, may make it possible for remote 
station operators to access data from the en-
tire network. A system with this feature 
would greatly enhance the attractiveness o f 
global telemetry for foreign participants. 

Since the spread spectrum method utilizes 
small antennas, a broad spectrum, and low 
power density, the equipment costs are sub-
stantially lower than for other satellite com-
munications technology. Design studies for a 
16-station national network utilizing domestic 
satellites are $ 8 0 0 0 per ground station, with 
monthly data charges of about $ 1 5 0 0 per sta-
tion. Total communicat ions costs for such a 
network would be about $ 1 6 0 thousand for 
equipment and $ 2 4 thousand per month. 
T h e s e estimated costs make clear the eco-
nomic advantages o f this type o f operation 
for a national network. Costs for an interna-
tional system are uncertain at this time. T h e y 
are likely to be governed more by the tariffs 
of individual countries rather than by the 
technology. 

Portable Array Studies 
(PASSCAL) 
Instrument Development 

T h e PASSCAL Science Plan spelled out in 
detail the need for an advanced portable seis-
mograph system. This system would be digi-
tal, with high dynamic range; it would be 
portable and micro-powered, and most im-
portantly, it would be flexible and modular so 
as to be able to adapt to changes in technolo-
gy that are likely to occur over the lifetime o f 
the instrument. Since the plan is to make a 
major national commitment through the pur-
chase of 1000 instruments, it is clear that we 
should not freeze in place the technology 
available at this particular point in history. 
T h e rapidly changing field o f mass storage il-
lustrates the most obvious example of this 
problem, but comparable changes in encoder 
technology, t iming systems, and virtually ev-
ery other part o f the system are very likely 
over the next decade. T o avoid this, a plan 
was made for a modular communications 
"bus" approach to design. With this concept 
the seismic instrument functions as a local 
area network, with each module independent 
and able to communicate with the other mod-
ules in the system. A successful system of this 

Smith, 
EOS, 1986
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Bob Phinney, First chair of 
PASSCAL Standing Committee

Jim Fowler, founding manager 
for PASSCAL program.  Started 
as IRIS Chief Engineer in 1984.

Photo credit: Craig Jones

Photo from PASSCAL web page



PASSCAL Timeline

1984 – IRIS Incorporated
1986 – Ouachita Experiment
1986 – Basin and Range Experiment
1986 – Issue RFP for new instrument
1987 – Issue contract to develop a new 
instrument
1988 – Basin&Range Passive Experiment 
- 1st experiment with prototype 
instruments.
1989 – First PASSCAL instrument center 
opened  at Lamont
1989 – Loma Prieta – first aftershock 
deployment (RAMP)
1990 – receive first broadband sensors

1991 – Tibet broadband experiment (1st BB 
experiment to produce SEED data)
1991 – Stanford PASSCAL instrument center 
established – active source and RAMP
1992 – Rocky Mountain Front experiment – first 
experiment with over 25 broadband
1995 – first GPS clocks on REF TEKs
1998 – New PASSCAL Instrument Center at New 
Mexico Tech, closed LDEO and Stanford 
instrument centers
1999 – first TEXAN instrument
2002 – new data acquisition systems developed
2003 – USArray starts



PASSCAL Oachita Experiment, 1986

Keller et al, Geology, 1989

400 seismic group recorders (SGR) from Amoco. Each recorded 
data from a string of geophones on digital cassettes. Overlapped 
COCORP line.



PASSCAL Basin and Range, 1986 & 1988

Catchings et al, 1988

Randall and Owens, 1994



Lamont PASSCAL Instrument Center (PIC), 1989 - 1998

Art Lerner-Lam Noel Barstow
Bob Busby Paul Friberg

Photo credit: Bob Busby

Photo credit: Bob Busby

Photo credit: Bob Busby

http://www.columbia.edu/cu/record/archi
ves/vol20/vol20_iss19/record2019.21c.gif



Loma Prieta 1989 – 1st RAMP (aftershock) deployment

Heidi Houston, Thorne Lay, Susan Schwartz, 
David Simpson and Ornella Bonamassa
deploying PASSCAL instruments.

- This was the second overall deployment  
of the new PASSCAL equipment.
- Data collected in triggered mode using 
STA/LTA. Photos from Susan Schwartz



Loma Prieta 1989 – 1st RAMP (aftershock) deployment



1991 Stanford PASSCAL Instrument Center 
Established – Active Source and RAMP



Tibet – 1st major Broadband experiment 1991-92 

11 stations - 10 STS2, 1 Guralp CMG3-ESP
330 mb hard disks, data download by hard disk 
or exabyte tape
Data stream 1 – 5 sps triggered, Data stream 2 
– 40 sps triggered, Data stream 3 – 1 sps
continuous
OMEGA clocks

Demonstrated that very high-quality broadband data 
could be obtained at temporary sites in extreme 
environments.
Data of interest to scientists beyond the PIs on the 
project

Tom Owens and Francis Wu, PIs

Greg Wagner and Lupei Zhu

Photo credits: Left, Francis Wu; Center Lupei Zhu.



McNamara, Owens, Silver, Wu, JGR, 1994
McNamara, Walter, Owens, Ammon, JGR, 1997

Owens, Randall, Wu, Zeng, BSSA, 1993

Tibet – 1st major Broadband experiment 1991-92 



Lerner-Lam, Humphreys, Grand, PIs

Omega clocks, 200 mb disks, triggered and 
low rate continuous

Rocky Mountain Front 1992. 30 Broadband stations

Photo credits: Anne Sheehan



Lerner-Lam, Humphreys, Grand, PIs

Omega clocks, 200 mb disks, triggered and 
low rate continuous

Rocky Mountain Front 1992. 30 Broadband stations

Exabyte drive to download 
data to  exabyte tape in the 
field. Epson controller for DAS.

Photo credits: Anne Sheehan



Rocky Mountain Front 1992. 30 Broadband stations

Sheehan, Abers, Lerner-Lam, Jones, JGR, 1995

Lee and Grand, JGR, 1996

Found Rockies are not compensated by a simple Airy-type root, require significant 
compensation in the mantle 

Crustal thickness from receiver functions
Mantle structure from teleseismic S-wave tomography



1993 Cascadia Experiment 
PI Nabelek, OSU

69 broadband sites
44 stations simultaneously
Spacing 4 km

Nabelek et al., One-pager from IRIS Proposal, 1995
Li and Nabelek, 1999



1993 Cascadia Experiment 
PI Nabelek, OSU

69 broadband sites
44 stations simultaneously
Spacing 4 km

Nabelek et al., One-pager from IRIS Proposal, 1995
Li and Nabelek, 1999

Image of Cascadia Subduction zone from 
teleseismic converted phases 



1993 Cascadia Experiment 
PI Nabelek, OSU

69 broadband sites
44 stations simultaneously
Spacing 4 km

Bostock et al., 2002

Scattered wave image

Thermal model

The loss of signal 
from the continental 
Moho in the mantle 
forearc is attributed to 
mantle 
serpentinization by 
fluids released from 
the subducting plate. 



1998 New Mexico Tech PASSCAL Instrument 
Center Established 

Mission: 
Provide state-of-the-art, low power 
portable seismic instrumentation 
and deliver basic field expertise 
and data management tools in 
support of portable array seismic 
experiments worldwide



BEAAR, Alaska. 1999-2001.
Abers, Christensen, Hansen

Abers et al., EPSL 2006

Attenuation
Tomography

Dehydration 
reactions explain 
changes in seismic 
velocities seen 
within subducting 
crust

HIMNT, Nepal-Tibet. 2001-2002.
Sheehan, Wu, Bilham

Schulte-Pelkum et al., 2005

Decollement 
at base of 
the Himalaya



Studies of the Earth’s inner core using PASSCAL data from BOLIVAR (Venezuela)

Niu and Chen, Nature Geo, 2008
Miller and Niu, EPSL, 2008



Details of Tremor Observed by a Dense Seismic Array

Ghosh, A., J. E. Vidale, J. R. Sweet, K. C. Creager, A. G. Wech, and H. Houston (2010), Tremor bands 
sweep Cascadia, Geophys. Res. Lett., 37, L08301.



PASSCAL Today
46 different experiments in 2017
48 different experiments in 2018

Examples of 2017/18 experiments –
Mexico RAMP
Alaska Amphibious Array
Education  – Geophysics classes
Totten Glacier
Rutford Ice Stream
Induced seismicity – CO, TX, OK
Patagonia
Mongolia
SHIRE New Zealand
Seismic study of post-fire flash floods
FLUME 2.0
Dead Sea wide angle



Summary –

PASSCAL has allowed us to do research on 
tectonic process on every continent, at 
every type of plate boundary, and a 
tremendously broad range of scales. 

Much of what we now know about 
collisional processes in orogens, modes of 
rifting, and the cycling of melt and volatiles 
in subduction zones comes from PASSCAL 
experiments. 

PASSCAL is guided by the community to 
address the major seismological science 
targets of today and tomorrow, even as 
those targets become more broad in 
nature.



Thank you to the many people who provided 
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PASSCAL Inventory, 2018
Highlights:	Calendar	Quarter	1,	2018	

SAGE,	GLISN,	&	GEOICE:	FY18,	Y5,	Q2	
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Equipment	Inventory	as	of	March	31,	2018	
Table	6:	Equipment	inventory	at	the	end	of	Q1,	2018	

Inventory	 Data	loggers	 All-in-one	 Sensors	
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PASSCAL	 1221	 81	 2185	 17	 	 73	 782	 17	 319	 829	 2416	 817	 30	

RAMP	 	 10	 	 	 	 	 	 10	 	 	 	 	 10	

Polar	 71	 6	 	 	 	 	 128	 2	 	 	 	 	 3	

GLISN	 	 14	 	 	 	 	 10	 	 	 	 	 	 	

GEOICE		 65	 	 	 	 	 200	 65	 	 	 	 	 	 	

TA	 312	 142	 	 	 	 	 559	 	 	 	 	 	 82	

Total	 1669	 253	 2185	 17	 	 273	 1544	 29	 319	 829	 2416	 817	 125	

Equipment	Availability	as	of	March	31,	2018	
Table	7:	Equipment	availability	at	the	end	of	Q1,	2018.	

	 Availability	 Data	loggers	 All-in-one	 Sensors	
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In	Field	 902	 49	 1618	 12	 	 57	 560	 11	 155	 90	 1691	 106	 23	

Ready	to	Deploy	 239	 26	 565	 4	 	 4	 135	 3	 40	 501	 725	 386	 1	

In	Evaluation	 80	 6	 2	 1	 	 12	 15	 1	 72	 178	 	 296	 1	

In	Repair	&	RMA	 	 	 	 	 	 	 72	 2	 52	 60	 	 29	 5	

To	Decommission	 	 	 	 	 	 	 10	 	 3	 	 	 	 	
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