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I. INTRODUCTION 

The purpose of these annual reports is to inform the geodynamics community 
of the status, progress, and plans of the NASA program. 

The first annual report (NASA, 1980) contained a section of background and 
historical information covering the period from the beginning of the program 
in 1964 as the National Geodetic Satellite Program, through the end of 1979. 
The second report (NASA, 1981) highlighted the progress in instrumentation 
development and theoretical research, and the preparation for initiation of 
crustal motion measurements in the western United States. The third report 
(NASA, 1982) emphasized progress made in 1981 in achieving improved 
measurement precision and in establishing the foundation for the acquisition 
and analysis of scientific data. The last report (NASA, 1983) focused on the 
crustal measurements underway and included, for the first time, abstracts of 
papers presented at the annual NASA Geodynamics Conference. 

This, the fifth annual report, summarizes program activities and 
achievements for the period of May 1983 to May 1984. This year the annual 
NASA Geodynamics Program Conference was held in Cincinnati, Ohio during May 
14-17, 1984, in conjunction with the Spring Meeting of the American 
Geophysical Union (AGU). Abstracts of papers presented at the Conference are 
included in this Report (Appendix 2). Current publications associated wi th 
the NASA Geodynamics Program are listed in Appendix 3. 

In 1983, the NASA Office of Space Science and Applications (OSSA) was 
reorganized and the Geodynamics Branch of the Earth and Planetary Exploration 
Division (now the Solar System Exploration Division) was integrated into the 
newly formed Earth Science and Applications Division. 

A. HIGHLIGHTS AND ACHIEVEMENTS 

Over the past year the Geodynamics Program has made major advances in the 
acquisition of global plate motion data and regional crustal measurements in 
the western United States. Significant Crustal Dynamics Project (CDP) results 
were reported and preparations made to intensify and expand to the "full rate" 
data acquisition phase which will be maintained through 1988. Studies of the 
Geopotential Research Mission (GRM) were continued and a new mission concept, 
the Magnetic Field Explorer (MFE), was introduced. 

The major highlights and achievements of the past year are summarized 
below. 

1 • Changes in interplate baseline lengths determined using satellite 
laser ranging (SLR) and very long baseline interferometry (VLBI) were found to 
be in general agreement with the Minster-Jordan model. 

2. The contemporary rate of movement along the Quincy - Otay/Monument 
Peak, CA, baseline as determined by satellite laser ranging combined with the 
rate of spreading in the Basin and Range (based on available geological data) 
has been used to infer rates of motion on off-shore faults west of the San 
Andreas. 
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3. Initial baseline measurements were obtained across the subducting area 
associated with the Nazca and South American Plates. These measurements are 
currently being repeated to determine motion rates between these two plates. 

4. Analysis of length-of-day (l.o.d.) variations for 1983 have shown that 
atmospheric angular momentum changes associated with the 1982-83 El Nino 
decreased the l.o.d. by about five milliseconds in late 1983 with a return to 
normal value after the event. 

5. The National Oceanic and Atmospheric Administration (NOAA) Polaris 
Network, developed cooperatively by NOAA and NASA, was placed into operational 
use. 

6. In partial implementation of an interagency agreement for the 
establishment of a National Crustal Motion Network (NCMN) , Mobile VLBI-3 
(MV-3) and the VLBI station at Mojave, CA, were transferred to NOAA by NASA. 

7. Agreements were concluded with Austria for laser data exchange and 
with Israel for operation of a laser system to be provided by NASA on 
indefinite loan. In addition, agreements with Japan for an initial Pacific 
Plate experiment was expanded to provide for long-term measurements and, 
through the European Wegener Consortium, new agreements were concluded with 
Turkey, Egypt and Tunisia. 

8. Interagency field tests of four Global Positioning System (GPS) 
geodetic receivers were conducted over various baselines to determine their 
relative performance. (These data are now being analyzed by NOAA.) 

9. Transportable GPS Satellite Emission Range Inferred Earth Surveying 
(SERIES) receivers were tested on a baseline from Owens Valley to Mammoth 
Lake, CA. Tests coincided with determination of the same baselines using 
mobile VLBI systems. Five successful GPS observations were made and 
demonstrated internal consistency in the SERIES data of 3 cm in the horizontal 
plane and 7 cm in the vertical. 

10. Laser and VLBI systems were upgraded; advanced lasers were installed 
in several Moblas systems and cooled receivers were installed in fixed and 
mobile VLBI systems. In addition, work was begun on fabrication of 
Transportable Laser Ranging System (TLRS) -3, and -4. 

11. Additional studies of the along-track acceleration of the Laser 
Geodynamics Satellite (Lageos) -1 orbit have shown that earth albedo radiation 
asymmetry could be a significant source of this perturbation contribution. 

12. An agreement was concluded with Italy for the fabrication and launch 
of a second Lageos into an orbit with an inclination different from that of 
Lageos-1. Lageos-2 should help resolve the acceleration source question in 
addition to expediting and facilitating SLR measurements. 

13. Conceptual studies were conducted of a Scout-launched MFE which would 
be similar to Magsat but have an extended lifetime for studies of the main 
magnetic field and its secular variation. 
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14. In a related program, an agreement was signed by NASA and the Italian 
Space Agency for the development, fabrication and use of a Tethered Satellite 
System (TSS). Since the TSS is a potential source of high resolution gravity 
and magnetic field data, provisions will be included in the first TSS flight 
to permit analysis of the suitability of the TSS for these measurements. 

15. Reports were issued on the Geodynamics and Gravity Gradiometer 
Workshops held in early 1983. 
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II. PROGRAM OVERVIEW 

A. OBJECTIVE S 

The objectives of the NASA Geodynamics Program are: 

o To contribute to the understanding of the solid earth; in particular, 
the processes that result in movement and deformation of the tectonic 
plates; and 

o To improve measurements of the earth's rotational dynamics and its 
gravity and magnetic fields in order to better understand the internal 
dynamics 'of the earth. 

The Geodynamics Program is subdivided into three areas: Earth Dynamics, 
Crustal Motion, and Geopotential Research. 

The objective of the Earth Dynamics Program is to develop models of polar 
motion and earth rotation, and to relate studies of global plate motion to the 
dynamics of the earth's interior. This program is expected to lead to an 
increased understanding of the global structure of the earth and the evolution 
of the crust and lithosphere. The research conducted in this program includes 
studies of the dynamic interaction between different regions of the earth's 
interior and its relationship to crustal magnetization, gravity anomalies and 
tectonic features. A significant portion of this program element includes 
activities performed under the CDP, which makes highly accurate measurements 
of earth rotation and polar motion. 

Field measurements and modeling studies of crustal deformation in various 
tectonic settings are the primary objectives of the Crustal Motion Program. 
These activities provide measurements, analyses, and models which describe 
the accumulation and release of crustal strain and the crustal motion 
between and within the tectonic plates, particularly the North American, 
Pacific, Eurasian, South American, and Australian plates. Activities include 
development of quantitative descriptions of the geophysical and geological 
constraints on the motions of measuring sites, including refinements of global 
plate motion models and block-tectonic models of the western United States. 
The investigations also compare the geologically-determined motion vectors 
between project sites with the geodetically-determined values to test the 
predictions of geological models. 

The Geopotential Research Program uses space and ground measurements to 
construct gravity and magnetic field models and to investigate data analysis 
techniques and software systems. Studies of the Lageos orbit and the orbits 
of near-earth satellites are part of the efforts directed toward advancing 
gravity field studies. Gravity field data derived from satellite altimetry, 
satellite-to-satellite tracking, and gradiometry; magnetic field data from 
satellite magnetometers, and ancillary data, are used in constructing the 
models. 
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B. FUNDING 

Funding distribution for the Geodynamics Program for fiscal years 
1983 and 1984 and planned funding for 1985 is shown in Figure 11-1 by program 
objective, by function, and by organization. 

The fiscal year 1984 funds provide for the continuation of a baseline CDP 
which includes measurement and analysis of regional crustal deformation in the 
western United States and Alaska, of North American Plate stability, and of 
global plate motion. Attempts at restoration of Project funding, deleted in 
earlier years, for studies of regional crustal deformation in the Caribbean 
Basin, the Mediterranean, and along the western coast of South America were 
not successful for FY 1985. An earlier, one time increase of $1.9M provided 
for this purpose in FY 1984 was insufficient (without follow-on year funding) 
to initiate a program of measurements in 1984. However, the funds did allow 
the initiation of TLRS-4 fabrication and further development of SERIES in 
preparation for future measurement programs in these areas. 

C. PROGRAM STATUS AND PLANS 

Since its inception in 1978, the Geodynamics Program has promulgated the 
development and use of new techniques for precise position and baseline 
determination and the formulation and implementation of plans for acquiring 
the improved gravity and magnetic field models needed for solid earth studies. 
In the interest of global geodynamics, the NASA program is closely coordinated 
with other Federal agencies and international groups and, at present, 
arrangements exist with 27 other countries. These arrangements provide for 
the acquisition and exchange of data and for coordinated observing programs. 
While the current precision of the laser and VLBI methods for single 
measurements of transcontinental and intercontinental baseline is about +3cm, 
the ultimate goal of +1cm appears to be attainable. Similarly, while plans 
for the acquisition of new gravity and magnetic field data have suffered 
extensive delays, it now appears that these plans will be implemented in the 
next few years. 

In crustal studies, the past year was transitory in many respects: the 
development of the systems need for these studies was essentially completed; a 
vigorous program of global plate motion and western United States regional 
measurements was initiated; and plans for measurements in the Pacific were 
developed. In mid 1984, the measurements of regional crustal deformation in 
the western United States will be extended, with the cooperation of Mexico, to 
the Gulf of California and, with the cooperation of Canada, to more stable 
portions of the North American Plate. In addition, initial baseline 
measurements using VLBI and GPS will be made in Alaska including sites along 
the Aleutians. The measurements in the United States using mobile VLBI 
systems will be made by the National Geodetic Survey (NGS) of NOAA under 
contract to NASA. 

Plans for measurement of crustal deformation and plate motion in the 
Mediterranean in cooperation with the WEGENER Consortium (which consists of 
representatives from The Federal Republic of Germany, the Netherlands, France, 
Italy, and Switzerland) are being finalized with the actual measurements to 
begin in 1985. 
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The Consortium has concluded arrangements for SLR sites in Turkey, Tunisia 
and Egypt and is continuing discussions with Greece (Figure 11-2). NASA has 
concluded an agreement with Israel for the location of an SLR station near 
Jerusalem. This station is expected to be operational in early 1985. NASA 
has also installed an SLR system at Matera in southern Italy, the operation of 
which is supported by the Italian government. An agreement was also concluded 
with Austria for SLR data exchange. 

Studies of regional crustal deformation along the western coast of South 
America in cooperation with Peru, Chile and Bolivia (using SLR) and 
deformation studies in the Caribbean region (using GPS) were to begin in late 
1984 and late 1985, respectively. However, budget constraints continue to 
impact these studies. A partial solution to the funding problems, currently 
under discussion, provides for a shared arrangement whereby the United States 
and European SLR systems would conduct measurements in the Mediterranean and 
South America in alternate years. However, it is likely that the Caribbean 
studies will either be delayed several years or postponed indefinitely. 'A 
prolonged delay would indeed be unfortunate both because of the scientific 
importance of studying the tectonics of this complex and interesting region 
and because of the need for early verification of the value of GPS for 
scientific studies in seismically active areas of the world. 

Measurements of the relative motion of the major tectonic plates using SLR 
and VLBI are continuing and are beginning to provide rates of motion which are 
generally consistent with the Minster-Jordan model. In the summer of 1984, 
extensive Pacific Plate motion measurements will be initiated (using VLBI) in 
cooperation with Japan and involving temporary sites in Alaska, Hawaii, and 
the Kwajalein Island in addition to sites in the Continental United States and 
Europe. Beginning in late 1984, it is planned that plate motion measurements 
from the United States sites will be primarily obtained for NASA by NOAA using 
the Polaris Network. Measurements of plate motion involving South America 
will begin in early 1985 using temporary VLBI sites in Brazil and Chile. 
Epoch measurements of baselines between the Nazca and South American Plates 
were made in 1983 using the TLRS. These measurements are being repeated now 
and will be co~tinued on a yearly cycle. 

The global network of fixed SLR stations is providing essentially 
continuous observations of baselines between plates (along with polar motion 
and length of day). Stations in the United States, Australia, Tahiti, Mexico, 
Peru, Japan, China, the Federal Republic of Germany, the Netherlands, Italy, 
France, Finland, Egypt, Austria and England are participating in these 
measurements. In 1983, NASA selected the Bendix Field Engineering Corporation 
(BFEC) as the contractor for management and operation of the NASA global laser 
tracking network and for assisting cooperating SLR stations in other 
countries. 

In 1984, NASA expects to complete the upgrade of Moblas-3 and -6, 
and to complete the development and test of TLRS-3 and -4 as well as two 
Transportable VLBI Data Systems (TVDS-2 and -3). 

For a number of years, NASA has been attempting to establish a new Lunar 
Laser Ranging (LLR) and SLR capability, the McDonald Laser Ranging Station 
(MLRS), at the McDonald Observatory in Texas, and LLR at Haleakala Observatory 
in Maui, Hawaii. In addition, under contract with the Australian Division of 
National Mapping, NASA has provided funding for upgrade of the LLR capability 
and the addition of SLR. 
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The new Australian station will be named the Natmap Laser Ranging Station 
(NLRS). In May 1984, the MLRS successfully ranged to the moon. The NLRS is 
expected to demonstrate LLR and SLR in the next few months. However, 
technical difficulties at the Haleakala Observatory have continued and ranging 
to the moon from this Observatory is not expected prior to the end of 1984. 

Intercomparison tests of several models of GPS geodetic receivers were 
conducted in cooperation with NGS and Defense Mapping Agency (DMA) in late 
January - early February 1984. Tests were carried out at 10 sites, mostly in 
California. Long baseline measurements were obtained between the Mojave and 
both the OVRO, CA, and Ft. Davis, TX, VLBI observatories. The other sites 
were 22 to 171 km apart. The tests included the Geostar receiver, a single 
frequency Macrometer, and SERIES. SERIES-X also participated and acquired 
data for a limited number of baselines. The results of these tests are being 
analyzed by NOAA and a report is expected in a few months. 

Tests were also carried out using SERIES and mobile VLBI receivers 
stationed at OVRO and Mammoth Lake, CA. Preliminary results indicate an 
internal consistency for SERIES of 3 cm in the horizontal and 7 cm in the 
vertical. A report on the SERIES project has been published (NASA 1984c). 
NASA plans to continue development of SERIES-type receivers and to conduct 
limited measurements in selected areas. 

In November 1983, the Polaris station in Richmond, FL was completed and 
NOAA began routine acquisition of polar motion and earth rotation data using 
the full three station network. This marked the completion of a joint 
NOAA/NASA effort, initiated in 1980, to transfer fixed VLBI technology to NOAA 
for operational use. In March 1984, per arrangements concluded in late 1983, 
NASA transferred the VLBI station at Mojave, CA and the newly-developed MV-3 
to NOAA: the MV-l and MV-2 systems will be transferred in early 1985. As 
provided in the arrangement, NOAA will operate these systems under contract to 
NASA. In addi tion NOAA will operate these systems for its own use and as 
requested by other Agencies. The initial period of operation will be 
primarily in support of NASA investigator requirements for baseline 
measurements in the western United States and Alaska. The NASA sites and 
others included by NOAA have been defined as the sites for the NOAA NCMN. 

Progress in the development of field models, particularly gravity field 
models, has lagged considerably due to funding constraints. However, efforts 
were initiated in 1983 to develop a specialized gravity field model for the 
Ocean Topographic Experiment (Topex) orbit determination and work continues on 
studies of the GRM for launch in the early 1990s. An international working 
group was established under the auspices of the International Union of Geodesy 
and Geophysics (IUGG) to continue work on the development of techniques for 
modeling and analysis using GRM gravity data. NASA established a Science 
Steering Group to develop and define the scientific rationale for a GRM 
mission. Its report (GRM SSG, 1983) was published in February 1983. 

The last detailed global survey of the earth's magnetic field was 
accomplished with Magsat in 1980. Predicated on expected changes in the 
field due to secular variations, the Magsat field models are now obsolete 
and a new survey is urgently needed before the end of this decade to update 
international reference main field models and to explore the possibility, 
identified by several investigators, of sudden accelerations of the westward 
drift of the main field. 
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Requirements for earth magnetic field data were determined by a Magnetic 
Field Survey Working Group (1984) established by NASA. Studies by the Johns 
Hopkins Applied Physics Laboratory (Galupps and Mobley, 1984) have shown that 
the MFE, a mission similar to Magsat and launched by a Scout vehicle, could 
meet requirements for the initiation of a decade or more of continuous field 
measurements. If an MFE is approved by NASA, the mission could be launched in 
early 1989. 

In December 1983, NASA and the Italian National Research Council signed 
agreements for the development and launch of Lageos-2 and the TSS. The 
Lageos-2 satellite and apogee kick motor will be provided by Italy and 
launched by NASA in 1987. The requirements for, and the mission 
characteristics of, Lageos-2 were established by the U. S./Italian Lageos-2 
Study Group (NASA/PSN, 1983). The TSS is a potential platform for magnetic 
field and gravity gradiometer measurements. To determine its suitability for 
these measurements, the TSS will include special accelerometers and "gyros" to 
measure tether dynamics. 

In February 1983, NASA held a workshop to discuss long-range requirements 
for geodynamics. Another workshop (February 28 - March 3, 1983), was held on 
the status and plans for gravity gradiometry development. The reports of 
these workshops were published in 1984 (NASA 1984a, 1984b). 

An overview of the NASA Geodynamics Program which describes its inception, 
rationale, status and plans was published in 1983 (NASA 1984d). 
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III. CRUSTAL DYNAMICS PROJECT 

A. MEASUREMENT S 

The observational program of the CDP grew substantially in 1983. New SLR 
stations in Huahine (French Polynesia), Easter Island (Chile), Mazatlan 
(Mexico), Matera (Italy), and Herstmonceaux (England) contributed 
significantly to the measurement of relative motion between the North 
American, Pacific, Eurasian, Australian, South American and Nazca plates. As 
shown in Table IIl-1, the number of monthly baselines measured in 1983 for 
plate motion was up 42% over 1982, and the number of unique (initial) lines 
increased 125%. Plate stability measurements also increased in 1983 by a 
factor of two, and the number of unique intra-plate lines measured was up by a 
factor of three. Figure 111-1 shows the tectonic plates and the location of 
major global CDP sites. 

SLR regional deformation measurements were restricted to the western 
United States, and particularly California, in 1983. TLRS-1 and TLRS-2 
visited Owens Valley Radio Observatory (OVRO), Yuma, Otay Mountain, Quincy, 
Vandenberg and Bear Lake for measurements between these sites and the western 
North American base stations. Table 111-2 summarizes these measurements, and 
shows the 1983 total of 123 monthly baseline measurements, which includes 
colocations at Quincy and Monument Peak. Figures 111-2 and 111-3 show 
locations of CDP sites in California and North America, respectively. 

VLBl plate motion measurements between North America and Europe are now 
routinely done by NOAA's Polaris Network, which grew to three North American 
stations late in the year when Richmond (Florida) joined the Westford 
(Massachusetts) and Ft. Davis (Texas) stations. In Europe the dedicated VLBl 
stations at Wettzell (W. Germany) joined Onsala (Sweden) in monthly 
measurements to North America. North American plate stability measurements 
were augmented by locating a mobile VLBl system at Platteville (Colorado) 
between the ends of the OVRO, CA to Westford, MA baseline (Figure 111-4). 

Regional deformation measurements by mobile VLBI systems (MV-2 and MV-3) 
and base stations in California and western North America increased from 32 
baselines measured in 1982 to 132 measured in 1983. A new base station was 
established by permanently locating MV-1 at Vandenberg AFB, and the dedicated 
base stations at Mojave became operational. Reoccupation of sites in the San 
Francisco area, extensive southern California observations and intercomparison 
measurement of the SLR San Andreas Fault Experiment (SAFE) baseline were 
carried out simultaneously using two highly mobile VLBl systems (MV-2 and 
MV-3). Table 111-3 lists the measurements accomplished. 

B. VLBl SYSTEM DEVELOPMENT 

During 1983 several VLBl stations were upgraded, some new stations were 
added to the network, and a new mobile system (MV-3) became operational. 
Arrangements were completed for the transfer of one newly operational base 
station (Mojave) and the MV-3 mobile system to the NGS; the actual transfer 
was made in early 1984. For the first time, measurements were made in the 
western United States with a pair of mobile stations, working together with 
fixed base stations. Plans were made for a major measurement campaign in 
Alaska, due to begin in July 1984. 
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Significant VLBI system milestones achieved in 1983 included: 

1. A new base station at Mojave, CA, incorporating an antenna obtained 
from the NASA STDN complex at Goldstone, CA, became operational. Initial 
measurements from this station were made in June; data quality was excellent. 
The station was transferred to the NGS in March 1984. 

2. A second highly mobile system, MV-3, became operational, and was first 
used in the February 1983 VLBI campaign. In the spring of 1983, NGS crew 
members began training in the operation and maintenance of the MV-3. This 
training period was completed in 1983 and an operational readiness review was 
conducted in February 1984. The system was transferred to the NGS in March 
1984. 

3. During 1983, the upgrade of the MV-1 and MV-2 mobile systems was 
completed. A dichroic subreflector and feed were added to MV-2, completing 
the dual six frequency - capability on all mobile systems. The three 
electronics vans were completed, and electronics installed and tested. The 
MV-1 was installed as a permanent base station at Vandenberg AFB, CA. 

4. VLBI campaigns in the western United States were conducted in 
February, June, August, and October 1983. MV-2 and MV-3 visited a large 
number of mobile sites; fixed stations included in some or all of these bursts 
included OV~O, Hat Creek Radio Astronomy Observatory, Mojave, Vandenberg 
(MV-1), and Fort Davis, Texas. 

5. VLBI system tests between Mojave and a new station at Kashima, Japan, 
were successfully made in January 1984 and plans were made to adapt fixed 
antennas at Hawaii (Kauai) and Kwajalein Island for VLBI measurements. These 
will be used for the first time in July 1984, in conjunction with the Alaskan 
VLBI measurements. 

6. Eight sites (Figure III-4) were chosen for mobile measurements in 
Alaska and western Canada, to be conducted in the summer of 1984. The base 
station will be the fixed NOAA antenna at Fairbanks, Alaska. 

7. NASA assisted NGS in bringing up its new station at Richmond, FL which 
began measurements in November 1983. Weekly measurements are now being made 
from Richmond, Ft. Davis, TX and Westford, MA. European stations at Wettzell, 
Germany, and Onsala, Sweden participate in these measurements on a monthly 
basis. 

8. Plans were completed for VLBI measurements in 1984 from fixed antennas 
at Sao Paulo, Brazil, and Santiago, Chile. 

9. Development of the Mark IV Correlator Facility at Caltech continued. 
However, hardware implementation problems have caused delay of the first 
operational processing until the summer of 1984. Initial, quick-look fringe 
verification tests were successfully obtained in real time on two baselines 
from the November 1983 experiment. 
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C. LASER SYSTEM DEVELOPMENT 

The Geodynamics Program laser network consists of several laser 
systems located thoroughout the world. Sites in Mazatlan, Mexico; Huahine, 
French Polynesia; and Matera, Italy were constructed and occupied during 1983. 
Under the on-going tracking precision improvement program, three additional 
laser tracking systems were upgraded to a ranging precision of 3 cm rms. 

Significant laser system milestones during 1983 included: 

1. Upgrades of the Moblas systems at Monument Peak, CA; Greenbelt, MD and 
Yarragadee, Australia, with passively mode-locked Nd:YAG lasers manufactured 
by Quantel International, were completed in 1983. The new lasers, with pulse 
widths of 200 picoseconds, are a significant improvements over the 7 
nanosecond pulse width of the previous laser. The new lasers have proven to 
be reliable for both daytime and nighttime tracking. The CDP plans to 
complete the upgrade of the remaining Moblas systems with this new laser. 
Upgraded components (photomultipliers, gating circuits, amplifiers, time 
intervals units, and discriminators) will also be added to optimize 
performance of the narrower-pulse Quantel laser to give a single-shot ranging 
precision of the order of 1 cm rms. 

2. The site at Matera, Italy was completed and an upgraded SAO laser 
system (formerly located at Natal, Brazil) was installed in September, 1983. 
The system, supplied by NASA, is operated by the Italians under cooperative 
agreement between NASA and CNR/PSN. The narrower two nanosecond pulse and new 
analog pulse processing system, have reduced nighttime systematic range errors 
to 3-5 cm and range noise to 5-15 cm on low satellites and 10-18 cm on Lageos. 
The pulse repetition rate has been increased to 30 pulses per second (pps), 
and considerable improvement has been made in signal-to-noise ratio by using a 
three Angstrom interference filter and by reducing the range gate window to 
200-400 nsec. 

3. The Goddard Laser Tracking Network mission contract was awarded to the 
Bendix Field Engineering Corporation in November 1983, concurrent with 
termination of SAO laser tracking activities. The Arequipa, Peru SAO laser 
tracking station and certain cooperative foreign laser tracking station 
support activities previously carried on by SAO were brought under the mission 
contract. 'The mission contractor is responsible for upgrading and preparing 
for shipment the remaining, available SAO laser tracking system for 
installation in Israel, sometime in 1985. 

4. Construction of TLRS-3 and TLRS-4 began in 1983. Completion of these 
laser tracking systems which are similar to TLRS-2, is scheduled for the 
latter part of 1984. They employ modular construction, low-power lasers and 
single-photon detection techniques in order to meet the rapid deployment and 
high-precision tracking requirements of the CDP. Packaged in shipping 
containers that are used as part of the system during tracking, they will fit 
in the cargo hold of standard normal commercial passenger jet aircraft. 

5. The site at Mazatlan, Mexico was completed and operational tracking 
was initiated with Moblas 6 in June 1983. Occupation was made possible 
through a cooperative agreement between NASA and the Mexican Navy. Located on 
the Pacific coast of Mexico just south of the Gulf of California, the station 
has been one of the network's better producers of laser tracking data. It was 
upgraded in late Spring of 1984 with a new Quantel laser. 
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6. The site at Huahine, French Polynesia was completed and operational 
tracking was initiated with Moblas 1 in July 1983. The utility of this site 
was found to be compromised by generally poorer sky conditions than was 
anticipated. Although the system is the network's oldest, it produces quality 
data when weather permits it to track. 

7. The TLRS-1, developed and operated for NASA by the University of Texas 
at Austin, traveled to Yuma, AZ in April 1983; Quincy, CA in July 1983; 
Monument Peak, CA in September 1983 and Bear Lake, UT in November 1983, 
tracking the Lageos satellite and acquiring data required to support CDP 
objectives. The system traveled to Santiago and Cerro Tololo, Chile in early 
1984. 

8. The TLRS-2, constructed and fielded by GSFC in 1982, successfully 
completed its data acquisition campaign at Easter Island, Chile and was moved 
to Otay Mountain, CA in August 1983. At Otay Mountain, CA it acquired data to 
remeasure the relative position of this site with respect to Monument Peak, CA 
and Quincy, CA; key sites in the San Andreas Fault Experiment. The system 
returned to Easter Island, Chile, in March 1984 after a short period at Cabo 
San Lucas, Mexico. 

D. DATA BASE 

The CDP Data Information System (DIS) provides for cataloging all 
Project-acquired data from 1974-1983 as well as new data to be acquired during 
the lifetime of the Project through 1988 (NASA, 1981a). The main objective of 
the DIS is to provide approved Project-funded investigators with the necessary 
scientific data for their studies toward the advancement of the understanding 
of earth dynamics, tectonophysics, and earthquake mechanisms. The DIS 
includes a large selection of pre-processed laser and VLBI data acquired at 
fixed and mobile stations. In addition, analyzed data products, such as 
baselines, station position coordinates, polar motion data, l.o.d. data, and 
other related ancillary data products, are made available from the laser and 
VLBI observations. The information is stored in a Crustal Dynamics Data 
Information System (DIS) and is directly accessible via a menu-driven user 
language. The DIS uses a data base management system to enable the users to 
query, access, and cross-reference the information. 

After the completion of conceptual design phase of the DIS in July 1981, 
the detailed design of the data base was followed by system implementation. 
Shared utilization of a VAX 11/780 computer at GSFC enabled a rapid 
implementation of the system, and the system became fully operational in 
September 1982. 

E. CRUSTAL DYNAMICS SCIENCE WORKING GROUP MEETINGS 

Working Group Meetings attended by most of the Principal Investigators 
were held twice in 1983, at JPL in April and at GSFC in October. At each of 
these meetings, CDP personnel and the investigators exchanged views about the 
observing stratagies, and the investigators presented their most recent 
scientific results. 
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IV. SCIENTIFIC RESULTS 

The maj or source of the results presented in this Section was the Sixth 
Annual Geodynamics Conference which, this year, was held in conjunction with 
the Annual Spring Meeting of the American Geophysical Union. At this Meeting, 
Geodynamics was considered a separate "Theme" (GD). The presentations were 
coordinated with, and jointly sponsored by other Sections of the AGU (Le., 
Geodesy (G), Geomagnetism (GP), and Tectonophysics (T». Abstracts of 
Geodynamics Conference papers were prepared in the AGU format and appear in 
Appendix 2 as extracted from the Program. 

References giving the Section designation (GD, G, GP or T) in the 
following text are to abstracts appearing in Appendix 2. Those expressed as 
the year of publication appear in the References. 

A. CRUSTAL DYNAMICS 

1. Plate Motion and Deformation 

I t is extremely interesting to note, as reported by Ryan, et al. 
(GD21-07) that over almost a decade, the North American continent appears to 
have been completely rigid. Within a three-sigma error of 0.5 cm., no change 
has been detected in 46 VLBI measurements of the baseline between Westford, MA 
and Owens Valley, CA from 1976 to the present. For the same period, 160 
measurements from Westford to Ft. Davis TX have produced the same 
null result. However, motion over the past four years on the baseline from 
Westford to Onsala, Sweden appears to have been detected at the rate of 1.3 
cm/yr with a three-sigma error of 1.0 cm/yr. 

Recent values determined by satellite laser ranging for motion along the 
baseline from Quincy to Monument Peak, CA were reported by Smith, et al. 
(GD21-16) as 6.5 +/- 1.5 cm/yr. Using 11 years of satellite laser ranging 
data acquired with Lageos and BE-C, Chris todoulidis, et al. (GD32-06) have 
determined the right lateral movement across the San Andreas fault to be 6.4 
+/- 2.0 cm/yr, in good agreement with the values predicted by the 
Minster-Jordan model: 5.6 cm/yr. As seen in Figure IV-I, satellite ranging 
values can be divided into three epochs which can best be fitted by three 
separate lines: The BE-C line from 1972-79 (-7.2 cm/yr); the early Lageos 
line from 1979-81 (-5.0 cm/yr) and the late Lageos line from 1981-82 (-7.4 
cm/yr). A similar rate, 6.8 cm/yr, was reconfirmed by geodetic data for 
Baja, CA reviewed by Ness, et al. (GD32-13). 

Smith (1984) and Tapley, et al. (1984) have reported values for the 
relative plate motion between Yaragadee, Australia and sites on the North 
American plate as determined by satellite laser ranging. There is excellent 
agreement among the values determined by the two groups and those predicted by 
the Minster-Jordan model (in cm/yr): 

Baseline Smith TaEley M/J 

Yaragadee-GSFC -1.0 -1.4 -1.1 
Yaragadee-Texas -2.0 -1.6 -2.0 
Yaragadee-California -3.5 -3.2 -3.1 
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Determinations reported by Smith for movement between Yaragadee and Hawaii 
(-5.3 cm/yr) are in relatively good agreement with those predicted by 
Mins ter-J or dan (-6.7 cm/ yr) • This is also true of the values reported by 
Tapley, et· a1. for observations up to mid-1981 (-7.9 cm/yr). However, the 
values reported for the apparent relative motion from mid-1981 to late 1983 
falloff to -2.2 cm/yr. The reason for this discrepancy awaits explanation. 

Rates of relative motion among the North American, Austro-Indian, 
Pacific and South American plates as determined by Christodoulidis and Smith 
(1983) using satellite laser ranging are shown in Figure IV-2. In this 
figure, the relative motions determined between barycentric points on the 
plates are contrasted, with good agreement, to the motions estimated by 
Minster and Jordan on the basis of the geological record for the same points. 
On the other hand, Wahr (1984) has observed that due to the effect of the 
earth's free wobble on crustal motion (1-2 cm over a few years), variations of 
individual baseline lengths could be as large as 3-4 cm. (Wahr, 1984). 

2. Regional Crustal Deformation 

SeNeral studies address the problems of regional strain modeling and 
earthquake source mechanisms. 

Cohen (GD12-04) has found that the pattern of surface deformation during 
the develop~ent and release of strain on a strike-slip fault was found to be 
most sensitive to the rheology of the material lying beneath the fault. 
Deformation patterns from 10 - 100 km from the fault, especially as determined 
shortly after an earthquake, are best able to distinguish among alternative 
models. 

Das and Sholz (1983) used spontaneous rupture models with depth gradients 
of stress drop and frictional strength to investigate the reasons why large 
earthquakes nearly always nucleate near the base of the seismogenic layer. 
They find that earthquakes which originate within the (shallow) region of low 
stress drop are inhibited from propagating. 

Smalley, et ale (1984) modeled fault planes as two-dimensional arrays of 
asperities with statistical distributions of strengths. Stress is transferred 
from a failed asperity to adjacent asperities. At a critical applied stress, 
the solutions bifurcate leading to an earthquake, corresponding to stick to 
slip behavior on the fault. The result explains why the stress on a fault at 
rupture is less than that predicted using a standard value of the coefficient 
of friction. A quantitative comparisons of subduction zone earthquakes 
reveals that the largest earthquakes occur in zones with young lithosphere and 
fast convergence rates and that the maximum earthquake size is directly 
related to the distribution of asperities on the fault plane. Ruff and 
Kanamori (1983) thus infer that plate age and rate affect asperity 
distribution. 

The recurrence interval for major earthquakes in northern California was 
determined by Scholz (1983) on the basis of slip vs. rupture length laws to be 
82 +/- 30 years. 
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Measurement and understanding of the mechanisms of regional crustal 
deformation remains a primary objective of the Geodynamics Program. Much of 
this effort is focused on the tectonics of the western US, particularly 
California. 

Geodetic data from southern California were found by Cohen (GD32-07) to 
suggest motion of 4.2-4.8 cm/yr with the possibility of additonal deformation 
north of the Garlock fault near the southern end of the Sierra, Nevada. 
Similar data covering the Quincy-Monument Peak region indicate a total 
contraction rate of 5.7 cm/yr which is consistent with the SLR observations. 
On the other hand, Jordan and Minster (GD32-08) and Minster and Jordan 
(GD32-09) also used a tectonic plate model to describe the deformation in the 
zone between the North American and Pacific plates. The difference between 
the 5.6 cm/yr motion between the two plates, as predicted by their earlier 
model, and the 3.4 cm/yr observed in the San Andreas fault zone is attributed 
to motion east and west of this zone. Motion to the east of the zone, 
estimated by integration of motion through the Basin and Range perceived in 
the geological record, is 1.01 +/- 0.07 cm/yr with extension to N63W. On this 
basis, deformation west of the San Andreas must involve 0.4-1.3 cm/yr of 
crustal shortening orthogonal to the San Andreas and 0.6-2.5 cm/yr parallel to 
it. Additional evidence for the complexity of the San Andreas fault zone was 
provided by Crippen, et ale (GD32-11) who used Landsat Thematic Mapper and 
Seasat imagery. 

The results of two years of VLBI baseline measurements were reported by 
Allen, et a1. (GD32-03). Four sites were occupied: Pasadena, CA (JPL) , 
Goldstone, CA (DSS 13), Owens Valley, CA (OVRO) and Fort Davis, TX. The four 
baselines: Ft. Davis/JPL; DSS 13/JPL, Ft. Davis/OVRO and DSS 13/0VRO showed no 
movement at the one sigma level. The 335 km OVRO/JPL line shows a possible 
contraction at 1.3 +/- 0.6 cm/yr. To explain these results, Wallace, et ale 
(GD32-04) have developed a strain model of southern and central California and 
Lyzenga, et ale (GD32-05) have carried out numerical simulations of the strain 
fields in the vicinity of the San Andreas fault. The model emphasized the 
possibility of a subsurface fault being offset from the surface trace and 
fault motion being driven by deep basal drag. The anelastic model produces 
temporally varying strain which might explain the small motions being observed 
between Owens Valley, JPL and Goldstone. 

The zone of strain accumulation adjacent to the San Andreas fault extends 
only a few tens of kilometers. To explain the narrowness of the zone, 
Turcotte, et al (1983) proposed a four-layer model of the lithosphere. The 
model consists of an upper elastic plate extending to 15 km, a soft, 
intracrustal aesthenosphere, a second elastic layer made up of the tough 
lower crustal and upper mantle rocks, and finally the aesthenosphere. 

Trilateration data were used by Matsu'ura and Jackson (1983) to estimate 
the relative movement between the North American and Pacific plates in central 
California as 44 mm/yr in the N34W direction. Their model assesses stress to 
be rapidly accumulating on the Sargent fault which is locked to a depth of 2.5 
km and on a southern segment of the Calavaras Fault, locked to the depth of 
15 km. 
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Complex transform fault boundaries are also modeled by allowing for slip 
and stress heterogeneity on the fault plane which, itself, can be comprised of 
individual fault segments of any orientation and individual slip history. 
Such models are used to understand the horizontal distribution of strain which 
may be observed in California (Rundle, G12-03). Strain on the OVRO (Owens 
Valley)-JPL (Pasadena) baseline should be insensitive to variations in assumed 
thickness of the seismic zone (20-40 km) as well as recurrence interval 
(20-100 yrs) and is predicted to be -20 mm/yr. 

The rate of shortening on the south side of the Transverse Ranges varies 
from 6 to 14 mm/yr, increasing eastward with the "Great Bend" of the San 
Andreas fault gradually straightening by a 3 degree/Ma clockwise rotation 
(Bird and Rosenstock, 1983). Ivins and Lyzenga (GD12-01) have found that the 
Ranges obstruct the channeling of stress between the North American and 
Pacific plates in this region and act as a zone of stress concentration (Ivins 
and Lyzenga, GD12-01). The excess elastically-stored energy may be ten times 
the stored internal energy. 

Based on seismic velocity structure, a model of small-scale convection in 
southern California predicts upwelling under the Salton Trough and downwelling 
beneath the Transverse Ranges. This agrees wi th deformation found on the 
Moho. An implication of the model is that the "Big Bend" of the San Andreas 
fault is due to mantle dynamics and not horizontal plate forces (Humphreys and 
Hager, GD32-12). Models of deformation following the 1940 Imperial Valley 
earthquake assuming viscoelastic relaxation yield similar vertical magnitudes 
(ca. 5 cm) and wavelengths (ca. 50 km) to those observed by geodetic 
measurements after the event (Sauber, et al., GD12-05). At Pinon Flats in 
southern California, ~~detic measurements indicate tilt and strain variations 
on the order of 3X10 /yr with fluctuations of the same order of magnitude 
over periods of months (Wyatt and Agnew, 1983). 

Models of regions other than California were also investigated: 

An aseismic deformation may have occurred within the Shumagin seismic 
gap in the Aleutians between 1978 and 1980. This would increase the 
stress on the shallow, locked portion of the plate boundary bringing it 
closer to rupture in a great earthquake (Beavan, et al., 1983); 

The rate of uplift over the mid-crustal magma body of the Rio Grande 
Rift, as determined by geodetic leveling, has been found to be less 
(1.8 mm/yr) in the three decades since 1951 than it was for the four 
decades before that year (3.4 mm/yr) (Larsen, et al., GD22-05); 

Geodetic leveling surveys from 1960 to 1979 in the Ashley River fault 
zone in South Carolina indicate localized uplift of 2-3 mm/yr on the 
southwest side of the fault (Poley and Talwani, GD12-10); 

The tectonics of the "Easter Platelet", just west of Easter Island, 
deviate from an ideal propagating rift. Because of the rapid 
propagation rate, a significant time is required for the dying ridge to 
stop and the growing one to assume all the spreading with the result of 
a "platelet" between the two ridges Engeln and Stein (1983a, b); 
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Movement along the southern Caribbean strike-slip plate boundary zone 
was estimated as 1.6 cm/yr by study of the deformation of six-million 
year old mud diapirs (Burke, et al., GD12-11); 

Field, seismic and satellite remote sensing data of the North and East 
Anatolian Faults indicate considerable deformation in the plate between 
these two fault zones (Hempton, GD12-06); 

The 1700-km long Altyn Tagh fault is seen, using satellite remote 
sensing data, as a complex structure with parallel faults and rotated 
blocks. The fault is predominantly strike-slip east of 80 0 E and thrust 
to the west of this longitude (Preisig and Gillespie, GD12-08); 

Off-ridge earthquakes near the Southeast Indian Ridge are characterized 
by normal faulting mechanisms. This may be due to the on-going 
collision between India and Asia and has implications for the study of 
apparent velocities between plates separated by long baselines crossing 
oceanic regions (Bergman, et al., 1983). 

3. Global Tectonics 

Nakanishi and Anderson (1983), using data on long-period Love and 
Rayleigh seismic waves have mapped mantle heterogeneity between 100 - 600 km. 
However, some regions are anistropic as well, with seismic wave propagation 
being a function of the direction of propagation. Using available phase and 
group velocity data, inverted for ocean structure as a function of age, and 
taking into account anelastic dispersion, sphericity and anisotropy, Anderson 
and Regan (1983) have created models of the mantle having a high-velocity 
layer which thickens with age at the top, and an anistropic low-velocity zone 
with age-dependent anisotropy beneath. They find that the seismic lithosphere 
reaches a maximum thickness of 50 km: comparable in thickness to the elastic 
or flexural lithosphere. This raises the possibility that both are controlled 
by effects other than temperature, stress or time such as mineralogy, crystal 
orientation or partial melting. This is attributed (Tanimoto and Anderson, 
1984) to the alignment of anistropic olivine crystals along flow directions in 
the mantle. The flow appears to be disturbed at hotspots. There is also a 
strong correlation between the geoid and surface wave velocity at degree and 
order 4 and 5 with slow regions associated with geoid highs and high heat 
flow. This is consistent with upwelling convective flow or with isostatically 
compensated regions of low density. 

Richards and Hager (1983) have modeled the mantle's dynamic response to an 
arbitrary distribution of density contrasts using self-gravitating flow models 
and a variety of viscosity variations and flow configurations. They have 
found that boundary deformation due to such loading reaches equilibrium on the 
same timescale as glacial rebound; much less than that required for 
significant change in the convective flow pattern. Thus, for uniform mantle 
viscosity, the geoid signature due to boundary deformation is much larger than 
that due to internal loads resulting in negative anomalies for positive 
density contrasts. They also find that geoid anomalies are primarily the 
result of density contrasts in the interior of convecting layers. Viscosity 
stratification leads to more complicated spectral signatures. 
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The Hager/O'Connell global flow model was used by O'Connell and Hager 
(1983) to estimate stresses contributing to the plate driving forces. On 
transform faults and collisional boundaries, these were determined to be 70 
bars distributed over a lithosphere which is 100 km thick. The RMS residual 
torque is 25% of the force required to drive the plates and thus the model can 
account satisfactorily for present-day global plate motions. 

The correlation between Benioff zones beneath island arcs and seismic 
coupling at the slab-mantle interface strongly suggests that the global return 
convective flow extends below 700 km. (Hager, et al., 1983). Vasiliou, et 
ale (1984) found that a barrier to mantle flow at 670 km is required in order 
to match the seismicity and stress required by numerical models of subducting 
slabs. This barrier might be a viscosity increase or a chemical 
discontinuity. The model predicts downward compression in the slabs at depths 
below 300 - 400 km. 

Using data on earthquake focal mechanism, Weins and Stein (1983) found 
that oceanic lithosphere older than 35 Ma is almost entirely in a 
compressional state. Their data support the idea of oceanic plates largely 
decoupled from the mantle by a thin, low-viscosity asthenosphere. In oceanic 
lithosphere younger than 35 Ma, thrust and strike-slip faulting predominate 
except in the Indian Ocean where many extensional events occur. Vasiliou 
(1983) has found that deep earthquakes in subducting slabs tend to have their 
compression axes aligned with the dip of the slab. For intermediate 
earthquakes (from 70 to 300 km), there is some evidence for down-dip tension, 
but the alignment is not obvious. 

The indication of cyclical sedimentation sequences at passive Atlantic 
margins in the range of 20,000-300,000 yr correspond to possible changes in 
global gravity anomalies on the order of 10 mgal. The latter change is 
hypothesized to be due to instabilites in upper mantle convection and observed 
vertical plate motions (Officer and Drake, GD22-08). 

Low rates of plate motion were found to be correlated with the emplacement 
of kimberlites in old continental crust by England and Houseman (1983) who 
suggest that this might be related to small scale convection in the mantle. 
In further studies, (Houseman and England, 1983) they found that deformation 
of continental lithosphere by buoyant plumes could produce substantial 
stretching of the lithosphere and the formation of sedimentary basins and 
suggested that this might be the origin of some intracontinental extensional 
features. Centrifuge experiments carried out by Nataf and Hager (1983) have 
demonstrated that such plumes could well play the most important role in small 
scale convection within the earth. 

Chase and Spraul (GD22-11) determined that, on geological timescales, well 
dated and defined hotspots in the northern Pacific move northerly at 1-2 
cm/year while those in the southern Pacific move southerly at the rate of 
1.5-7 cm/yr. It thus appears that the apparent fixity of hotspots is 
misleading and that differences between paleomagnetic reconstructions and 
fixed hotspot reconstructions are not necessarily indicative of true polar 
wander. The apparent lack of true polar wander corresponds, according to 
Davis and Solomon (19'83) to the cancellation of trench-pull and ridge-push 
torques. True polar wander may have occurred in earlier geologcal times when 
these forces did not cancel each other. 
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The preference of hotspot locations for geoid highs (especially over the 
African, Eurasian and Antarctic plates) was noted by Stefanick and Jurdy 
(1983). The velocities of plates in the early Tertiary with respect to 
hotspots was found by Jurdy and Gordon (1983) to resemble those at the 
present. 

B. EARTH DYNAMICS 

Recently, there has been a great deal of scientific interest in the 
problem of the transfer of angular momentum among the atmosphere, the oceans, 
and the solid earth. It is possible to compute the amount of angular momentum 
contained in the atmosphere as a function of time from the data collected by 
meteorological centers for use in weather forecasting. Using the axial 
component of the atmospheric angular momentum (AAM) computed from the zonal 
wind data obtained by the U.S. National Metoerological Center (NMC) , Rosen and 
Salstein (1983) previously showed that, on time scales of a year or less 
during the period 1976-1981, changes in the l.o.d. were closely correlated 
with changes in the AAM (See Figure IV-3). 

Salstein and Rosen (G41-05) are attempting to obtain all three components 
of the AAM from the NMC data for 1976 to the present. In order to judge the 
accuracy of AAM values, they compared values of the axial components derived 
from NMC data and data from the European Center for Medium-Ranged Forecasting 
(EC). There is good agreement between EC and NMC values of AAM in high 
northern latitudes but for equatorial latitudes and the southern hemisphere, 
the AAM values derived from NMC data are larger than those derived from EC 
data. They also reported that axial AAM values during January and February, 
1984 appear to be anomalously low corresponding to very strong easterly trade 
winds during this period. 

Rosen, et ale (1984) have shown that during late January 1983, when the 
unusually strong El Nino/Southern Oscillation (ENSO) event was at its peak, 
record values of the axial component of the AAM were obtained which were well 
correlated with an observed peak in the l.o.d. In order to test the 
statistical significance of this relationship, Eubanks, et ale (G41-06) 
constructed an estimate of the "normal" yearly behavior of these time series 
by averaging all of the data for the same time of year during the period 
1976-1982.5. They found that the anomaly seen in the axial AAM and l.o.d. 
values were 3.9 and 3.8 standard deviations, respectively, greater than 
"normal". 

Potash and Clark (G41-08) point out that weekly averages of l.o.d. 
measurements obtained by the POLARIS network using VLBI are accurate to better 
than than 25 microseconds. Comparison between these and weekly axial AAM data 
for the period from 1980 to the present yielded a correlation coefficient of 
0.87; after periodic terms of 6, 12 and 24 months were removed, the 
correlation coefficient was 0.77. Pronounced excurions of both l.o.d. and 
axial AAM values were noted during the 1982-1983 El Nino event. 

The Southern Oscillation Index is used to quantify fluctuations in 
the atmospheric circulation cell above the equatorial Pacific. (It is defined 
as the seasonally adjusted surface pressure difference between Tahiti and 
Darwin normalized by the standard deviation of each station's monthly pressure 
values.) 
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The 1982-1983 ENSO event caused this index to achieve its lowest value 
ever recorded. Chao (G41-07) compared BIH l.o.d. values from which both short 
(i.e., <1 yr) and long (i.e., 10 yrs) period terms had been removed with 501 
values for the period 1957-1983 and found a correlation coefficient of -0.55 
(See Figure IV-4). In a similar study using data from 1970 to the present, 
Eubanks, et a1. (G41-06) found a coefficient of -0.52. The latter authors 
also evaluated an earlier suggestion that axial AAM was transferred to the 
earth due to torques resulting from pressure differences on opposite sides 
of mountain ranges. However, they found the correlation coefficient between 
the SOl and solid earth torques to be only 0.27 suggesting a more complicated 
mechanism for momentum transfer. 

Gross and Chao (G41-10) tested whether the 1982-1983 ENSO event had any 
influence on the Chandler Wobble by comparing the 501 data to data on the 
y-component of the Chandler wobble's excitation function derived from Lageos 
polar motion data. A slow drop and rise in the y-component values match the 
behavior vf the 501 values and a minimum in the SOl in January, 1983 was 
matched by a valley in the y-component of the excitation function. These 
results provide some empirical evidence that the Southern Oscillation affected 
the Chandler wobble. 

Wahr (G42-01), however, states that the combined effects of the atmosphere 
and oceans account for no more than 20 - 25 per cent of the total excitation 
of the Chanaler wobble during the period 1900-1973; that the limited effect is 
due to transfer of angular momentum from the atmosphere to the earth by 
mountain torques. 

LLR, SLR and VLBI are now providing more accurate data on earth rotation 
rate and polar motion than ever before possible. Eanes, et a1. (G42-06), 
using Lageos data, reported an internal precision (3-day averages) of 2 
milliarc seconds for polar motion and 0.15 millisec. for earth rotation. 
Gaussian filtering was used by King, et a1. (G42-02) who found differences 
between SLR and VLBI pole position values of 2.3 milliarc seconds for x and y 
components. Hernquist, et ale (G42-03) and Spieth, et ale (G42-04) described 
the use of the Kalman filter smoothing to analyze VLBI data sets. 

C. GEOPOTENTIAL FIELDS 

1. Gravity Field Modeling 

Continued and expanded analyses of Lageos laser tracking data have enabled 
refinement of the value of GM (the product of the gravitational constant and 
the earth's mass). Kojenls1fwicz, et a1. (GD41-D3) report this new value as 
398600.434 +/- 0.005Km sec • Lageos data have also been used to estimate 
some rheological properties of the mantle at decadal time scales; i.e., 
intermediate between those determined by seismology and geology ()minutes; 
<100's of years). Sabadini and Yuen (GD41-01) showed that data on the secular 
variation of the gravitational harmonic, J 2 are consistent with viscosities in 
the range 1021 - 1022 P and wi th modest values of the modulus defect 
parameter. The tidal Love number for the 18.6 year tide has been determined 
to be 0.36. The long-term viscosity of 1022 P can contribute 25% of the tidal 
Love number at 18.6 years. 
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On the other hand, the strong correlation between the geoid and the depth 
of crustal structures in the marine regions of Fennoscandia indicates, 
according to Anderson (G32-07), that the isostatic geoid anomaly has been 
over-estimated. The re-evaluated anomaly is consistent with an upper mantle 
viscosity closer to 1021 P rather than the 4X1022 previously assumed. 

2. Analysis of Geoid Data 

Data acquired by the Seasat altimeter on the shape of the geoid continue 
to form the basis for significant investigations. Turcotte (G32-01) pointed 
out that, considering the age of the lithosphere near fracture zones, the 
slope of the geoid indicates a crustal thickness of 75-100 km.; that there was 
no evidence of the asthenosphere near hot spot swells, just the thinning of 
the oceanic lithosphere; that Iceland appears to have deep structure but 
Hawaii does not. However, it was pointed out (Watts, G32-02) that the gravity 
field was a better tool for the study of the Hawaiian anomaly and that the 
geoid/age relationship places a lower limit of 50 km. on the thickness of the 
oceanic lithosphere. McAdoo, et a1. (G32-04) studied flexures at the outer 
rise and concluded that the effective elastic thickness (less than the 
lithospheric thickness) is 60 km. They also determined that oceanic 
lithosphere continues to thicken at ages at least up to 150 Myr. 

In a related study of source mechanisms of earthquakes near mid-ocean 
ridges (in lithosphere <30 Ma old), Bergman and Solomon (1984) have found that 
seismic deformation occurs in young «15 Ma) lithosphere. Horizontal 
compressive stress (ridge-push) does not seem to be the dominant source of the 
earthquakes but thermoelastic stress resulting from cooling of the lithosphere 
seems to play an important role. 

Two distinct thermal regimes in the south and northeast Pacific Ocean 
lithosphere were noted by Cazanave and Lefebvre (G32-05): one for crust less 
than 25 Ma, the other greater than 30 Ma. The associated crustal thicknesses 
are about 65 and 90 km, respectively. 

The Seasat altimeter data were used in developing or analyzing several 
tectonic models although, as pointed out by Richards and Hagar (G32-03), the 
interpretation of geoid anomalies is complicated by the effects of deformation 
of the earth's surface and internal boundaries caused by convection. However, 
their model based on seismic data and linear viscous response functions 
correlates to 70% with the geoid measured at degree and order 2-9. They 
conclude that boundary deformation is highly dependent of viscosity structure 
and that the thermal structure of the lower and upper mantle is continuous. 

Two new fracture zones which record the movement of Africa and India away 
from Antarctica have been discovered and roll-like features on the 
Indo-Australian plate may reflect small-scale convection beneath that plate 
(Weissel and Haxby, G32-12). 

3. Magnetic Field Modeling 

The problem of determining the value of the magnetization of the crustal 
source-layer from Magsat data was discussed by Harrison and Hayling (GP32-01) 
and Hayling and Harrison (GP32-02). Quite surprisingly, they have found that 
continental and oceanic crusts have nearly equal magnetization and that the 
natural remanent magnetization of the oceanic crust is about 1.4 A/m. 
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On the other hand, Arkani-Hamed and Strangway (GP32-03) have found that 
young ocean basins have low susceptibility while cratons and rifts have higher 
values. In order to eliminate effects from external magnetic fields they 
first separated data acquired in dawn and dusk Magsat overpasses. Correlation 
of the two data sets in terms of their spherical harmonic variations indicated 
significant correlation between degree and order 18-44. Data from both sets 
in this harmonic interval were then averaged to form a global crustal scalar 
magnetic anomaly map. 

Magsat data were used in studying specific tectonic features: 

The Ontong-Java submarine plateau can be modeled by a simple thickened 
magnetic crust with magnetization corresponding to the surrounding 
oceanic crustal layer (Frey, GP32-10); 

The Shatsky rise of the north Pacific ocean is magnetized by induction 
of rocks with susceptibility = 0.006 emu/cc. The model was produced 
using bathymetric and seismic refraction data suggesting that the Moho 
is the lower boundary of the magnetized layer in this area (Raymond and 
LaBrecque, GP32-o6); 

The Lord Howe Rise between Australia and New Zealand shows a positive 
Magsat anomaly and thus cannot simply be submerged ordinary continental 
crust Frey (1984) assumed an induced origin for the 
satellite-elevation anomaly, used known crustal structure and 
constructed a model of the Rise having a lower layer of unusually high 
susceptibility which might have been caused by alteration related to 
subsidence of the plateau. 

The north Atlantic seems to be a source of remanent magnetization; its 
slow spreading ridge does not produce a magnetic signature (Raymond and 
LaBrecque, GP32-06); 

The Middle-America trench can be modeled by a down-going slab with a 
magnetization contrast of 5 A/m (Vasicek, et al., GP32-11); 

Magnetic contrast at continent/ocean boundaries are discernable in 
reduced-to-pole Magsat data when these boundaries are at high angles to 
the local magnetic longitude and to the satellite orbital track 
(Schnetzler, et al., GP32-12); 

A new magnetic anomaly map of South America (Ridgeway, et al., GP32-o9) 
based on Magsat data indicates that alacogens are correlated with 
negative features and ridges with positive anomalies; 

The large "Kentucky" anomaly in the southeast United States seen in 
Magsat is, according to aeromagnetic data, composed of three smaller 
anomalies. Ruder and Alexander (GP32-13) found that the granitic 
crust, which contributes little to the total crustal magnetic field, is 
thinned in this region (according to seismic evidence) and the effect 
was stripped from the total anomaly. This enabled them to assess the 
magnetic susceptibility of the three lower crustal magnetic bodies. 
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The positive magnetic anomaly in the south-central United States was 
found to result from the superposition of the effects of two primary 
elements: granite intrusions, rhyolite flows and metamorphic basement 
rocks of the Texas panhandle and a northern segment corresponding to 
the Wichita igneous complex (Starich, et al., GP32-08); 

The enhanced data set expected from the proposed GRM mission was 
investigated by Strangway and Arkani-Hamed (GP32-04) and Taylor, et al. 
(GP32-05) using existing large-scale magnetic maps. The former determined 
Magsat noise levels to be +/-2nT but that this could be reduced to +/-1nT in 
the future mission. Taylor, et. al., determined that the GRM mission should 
be able to resolve two distinct magnetized bodies by a factor of 10 better 
than Magsat. 
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V. ADVANCED STUDIES AND MISSIONS 

The activities this year are in two main subdivisions: geopotential 
(gravity and magnetic) fields and improved crustal motion measurements. 
Except for the addition of the Lageos-2 mission, the activities parallel the 
efforts of last year. 

A. GRAVITY AND MAGNETIC FIELD MEASUREMENTS 

Studies supporting the initiation of the GRM continued. This included the 
completion of a major guidance and control system simulation, discussions with 
the Italian scientific community aimed at the formulation of a joint 
U.S./ltalian GRM and the formation of the GRM SSG. The SSG issued a report 
which updated the scientific goals and objectives of the GRM (GRMSSG, 1983). 
A GRM Science Conference is being planned for the Fall of 1984. 

Work continued on the development of a cryogenic gravity gradiometer 
following the successful test of the single. axis unit which was discussed in 
the previous Annual Report (NASA, 1983). The design of the three-axis unit 
has been completed and construction has begun. This unit will be equipped 
wi th a six-component cryogenic accelerometer which will be located in the 
central cavity, The U.S. Air Force and the U.S. Army have begun to share in 
the cost of the program. Th~3fina1/~easurement goal for the gradiometer is a 
sensitivity ~f be~ger tY12 10 E/Hz and for the accelerometer, asensitivity 
of better than 10 g/Hz • 

The Announcement of Opportunity for the United States investigations for 
the joint U.S./ltalian TSS was issued this past year. The system will provide 
an opportunity for obtaining high resolution gravity and magnetic field data. 

B. CRUSTAL MOTION AND EARTH DYNAMICS 

The previous Annual Report described three techniques which utilized the 
GPS. These are the Geodetic Navstar (GEOSTAR) supported by DMA, NGS and the 
USGS; the SERIES sponsored by NASA; and the Miniature Interferometeric 
Terminal for Earth Surveying (MITES) supported by NASA, the U. S. Geological 
Survey (USGS) and the USAF. 
A fourth and new system called the Macrometer has been developed commercially 
having benefited from support through MITES. In February, 1984, the GEOSTAR, 
SERIES, and Macrometer systems were operated in a test in which 10 separate 
baselines in the western US ranging from about 20 km to about 1500 km were 
occupied over a two week period. The results of this intercomparison 
experiment are to be reported by NOAA/NGS in the latter part of 1984. 

In February, 1983, the NASA Administrator and the President of the 
National Research Council of Italy signed an agreement whereby a second Lageos 
satellite will be launched by the Space Shuttle. The satellite will use an 
interim stage built by Italy to place it into an orbit with an altitude 
similar to that of Lageos-1. The only difference between these satellites is 
that Lageos-2 will be in a prograde 52 degree orbit compared with the 
retrograde 110 degree orbit of Lageos-1. The availability of Lageos-2 should 
strengthen the geodetic results of satellite laser ranging and permit more 
accurate baselines, pole positions, earth rotation, gravity and time-dependent 
gravity parameters to be obtained. Due to the increased number of observing 
possibilities, the enhanced results should be possible with less total effort 
on the part of tracking stations. 
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TABLE III-l 

SLR PLATE MOTION, PLATE STABILITY BASELINES 

1982 1983 

PLATE MOTION BASELINES: 

NORTH AMERICA PACIFIC 76 ( 8) 119 (15) 
NAZCA 16 ( 5) 
AUSTRALIA 41 ( 4) 26 ( 5) 
EURASIA 63 (11) 107 (30) 
SOUTH AMERICA 29 ( 4) SO ( 5) 

PACIFIC NAZCA -- 8 ( 3) 
AUSTRALIA 22 ( 2) 14 ( 3) 
EURASIA 63 (11 ) 62 (18) 
SOUTH AMERICA 15 ( 2) 28 ( 3) 

NAZCA AUSTRALIA 2 (1) 
EURASIA 4 ( 6) 
SOUTH AMERICA 4 ( 1) 

AUSTRALIA EURASIA 18 ( 3) 17 ( 6) 
SOUTH AMERICA 8 ( 1) 6 (1) 

EURASIA SOUTH AMERICA 7 ( 2) 24 ( 6) 
-----------------------------------------------------------------------------

342 (48) 487 (108) 

PLATE STABILITY BASELINES: 

NORTH AMERICA 51 ( 6) 84 (10) 

PACIFIC 11 ( 1) 20 ( 3) 

NAZCA 

AUSTRALIA 

EURASIA 6 (1) 27 (15) 

SOUTH AMERICA 

68 ( 8) 131 (28) 

( ) = Possible unique lines 
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TABLE III-2 

SLR REGIONAL DEFORMATION HEASUREHENTS IN 1983 

THOUSANDS OF POINTS 

SUPPORTING BASE STATIONS 

o 
u 

< u 

r.l ~ ~ ~ < ....:l p... 

TLRS-1 TLRS-2 u ~ ..;; ~ f-4 ~ :::;-
:: ~ ~ ....:l ~ ~'-' 

SITE PTS SITE PTS g ~ (3 ~ S ~ ~ 
~ j f-4 ~ 5 ~t; 
0' p... ~ :i! ;:;:: I'Q f-4 

JAN I OVRO 14.0 --I - 23.1 2.2 3.2 -- r 15.-3-1 10 

FEB VANBRG 0.3 

HAR YUHA 

APR YUI'!A 

MAY YUHA 

JUN YUI-tA 

0.8 

5.3 

2.3 

6.8 

JUL QUINCY 0.5 

AUG QUINCY 7.1 

SEP MON PK 25.8 

OCT MOU PK 53.8 

OTAY 

OTAY 40.0 

3.8 1.2 5.5 

6.6 5.2 30.0 

19.3 1.9 7.3 4.7 

24.5 1.6 1.8 9.9 

1.1 0.5 0.9 9.5 

62.4 0.7 0.3 3.1 

76.6 0.1 4.2 16.2 

126.5 2.8 8.2 12.6 

48.7 8.3 2.0 23.9 

5.9 

8.9 

15.2 

3.7 

9.4 

T 

86.8 

6(b) 

6(b) 

15 

15 

6 

l(b) 

3(b) 

10(b) 

15 

NOV BEAR L 2.9 OTAY 8.0 2.2 3.6 4.7 16.6 21.4 21 

DEC BEAR L 5.4 OTAY 6.6 7.0 0.4 1.9 7.1 11.9 15 

123 (1983) 
(b) all baselines between base stations 79 (1982) 

(1) Requires 1000 points per station for month to be a valid baseline between stations; 
e.g. during July the only valid baseline was between the two base stations at Quincy, CA 
and Mazatlan, MX. TLRS-l at Quincy, CA with only 500 points was not valid. 



TABLE IlI-3 

VLBI REGIONAL DEFORMATION, PLATE STABILITY MEASUREMENTS IN 1983 

MOBILE SITES PURPOSE* SUPPORTING BASE STATIONS 

< < u 
u :>< ~ < 

E-l U .. 
< .. C,!) 

u ::.:: .. .. .. ~ < ~ Cf.l § < ~ 
u .. 

~ H Z ~ 
~ ~ 

0 ~ Z .. 
~ u ~ ~ ~ 

0 P E-l 

~ DATE MV2 MV3 ~ ., 
~ 

Cf.l Cf.l LINES :> 0 E-l ~ < 0 ~ ~ ;3: p.., :> 
FEB PEAR BLOSSOM, CA VANDENBERG AFB, CA R * * 6 

PINYON FLATS, CA VANDENBERG AFB, CA R * * * 10 

JUN PLATTEVILLE, CO S * * * * 10 
(1) ELY, NV PLATTEVILLE, CO S * * 3 
(1) VERNAL, UT PLATTEVILLE, CO S * * 6 
QUINCY, CA MONUMENT PEAK, CA RI * * * * 15 
MAMMOTH LAKE S, CA 

w 
JPL, PASADENA, CA R * * * 10 

0 

AUG JPL, PASADENA, CA PEAR BLOSSOM, CA R * * * 10 
S * * * 3 

THE PRESIDIO, CA FORT ORD, CA R * * * 10 
THE PRESIDIO, CA POINT REYES, CA R * * * 10 
DEADMAN LAKE, CA SANTA PAULA, CA R * * * 10 

OCT JPL, PASADENA, CA PEAR BLOSSOM, CA R * * 6 
JPL, PASADENA, CA PINYON FLATS, CA R * * * 10 

NOV YUMA PROVING GROUNDS, AZ PINYON FLATS, CA R * * 6 
YUMA PROVING GROUNDS, AZ MONUMENT PEAK, CA RI * * * 10 
BLACK BUTTE, CA MONUMENT PEAK, CA RI * * * 10 
BLACK BUTTE, CA (1) OCOTILLO, CA R * * 3 
PALOS VERDES, CA (1) OCOTILLO, CA R * * * 6 

TOTAL BASELINES (1983) 154 

(1) SYSTEM FAILURE AT THESE STATIONS REGIONAL (1983) 132 
REGIONAL (1982) 32 

* R - REGIONAL DEFORMATION 
S - PLATE STABILITY 
I - INTERCOMPARISON 



FIGURE CAPTIONS 

II-I. Geodynamics Funding Distribution. Funding in FY 83, FY 84 and 
projected for FY 85 by objective, function and organization. 

11-2. Mediterranean Sites. Existing and proposed laser ranging sites for use 
in studying the tectonics of the Mediterranean region in cooperation with 
the Wegener Consortium. 

III-I. Global Crustal Dynamics Project Sites. Outlines the major tectonic 
plates and shows global locations of Crustal Dynamics Project (CDP) 
observation sites for both fixed and transportable VLBI and laser ranging 
stations. 

111-2. California Crustal Dynamics Project Sites. Shows California locations 
of all CDP observation sites for both fixed and transportable VLBI and SLR 
stations. 

II 1-3 • North American Crustal Dynamics Proj ect Sites. Shows North American 
locations of all CDP observation si tes for both fixed and transportable 
VLBI and SLR stations. 

1II-4. Alaska Regional Deformation and North America Stability VLBI Sites. 
Shows Alaska and western Canada mobile VLBI sites operating with the 
Fairbanks, Alaska VLBI base station for regional deformation measurements; 
also shows the fixed VLBI stations in North America used for plate 
stability measurements along with the added mobile VLBI site at 
Platteville, Colorado. (See Table 111-3) 

IV-I. San Andreas Faul t Experiment. Resu1 ts of 10 years of measurements of 
motion on the San Andreas Fault using laser ranging to the BE-C (upper 
line) and Lageos (lower lines). (from Smith, 1984). 

IV-2. Inter-Plate Deformations Observed by SLR. Relative motions as computed 
using laser ranging data for barycentric points on the respective plates 
and compared with values estimated using the Minster-Jordan model for the 
same points. (from Christodoulidis and Smith, 1984). 

IV-3. Variation of atmospheric angular momentum and excess length of day. 
Excess length of day (l.o.d.) compared with axial component of the 
atmospheric angular momentum (M) for the period 1981.5-1983.5. (from 
Salstein and Rosen, 1984). 

IV-4. Variation of Southern Oscillation Index and excess length of day. 
Excess length of day (l.o.d.) compared with values for the Southern 
Oscillation Index (see text) for the period 1957-1983. Arrows indicate 
occurrence of E1 Nino events: length of arrow proportional to severity. 
(from Chao, 1984). 
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GLOBAL CRUSTAL DYNAMICS PROJECT SITES 
180° 0° 

110° 130° 150° 170° 170° 150° 130° 110° 90° 70° 50° 30° 10° 10° 30° 50° 70° 

80° 

60° 60° 

4°l - r?rl ~ I I I 1'~alJ I~~'-~" 40° 
• ,." .• _.co"" '( : ",' ~.) '. " 

W I \ 11.."'0'1 8' ~. ~~-'(= \"'y')"J-- .,:,,- 1 " .. 
.j::- _"..h~ 1 ,/1 ,,~ .. I _.' -'; ,r" 20° 

0 0 

200 1 1 .,...' - \,,~ ~1> r IA ... .........::: 111 '\~ •. , I 1 ... 
' .• -' L "" f 1 1\ ,< ... :H ~ \ ) '~' I jIl.... 1200 

400 

600 1 I I I ~ 't-- I 1'"- 4""" I 1600 

• FIXED SLR BASE STATION • FIXED VLBI BASE STATION 

A MOBLAS BASE STATION (g) TVDS BASE STATION 

6 TlRS SITE 0 MV2. 3 SITE I!I MVl BASE STATION 

800 1 I I I I I 1800 

110° 1300 1 500 1700 1700 150° 130° 110° 90° 700 500 30° 100 10° 30° 500 70° 
1800 0'-' 

FIGURE III-l 



CALIFORNIA CRUSTAL DYNAMICS 
PROJECT SITES 

FIGURE III-2 

• FIXED SLR BASE STATION 

A MOBLAS SLR BASE STATION 

~ TLRS SITE 

• FIXED VLBI BASE STATION 

[Q] TVDS BASE STATION 

~ MV-1 BASE STATION 

o MV 2,3 SITE 

- 35 -



NORTH AMERICAN CRUSTAL DYNAMICS 
PROJECTS SITES 

FIGURE III-3 
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APPENDIX 1 

GLOSSARY OF ACRONYMS AND ABBREVIATIONS 

Amperes 
Axial Angular Momentum 
American Geophysical Union 
Beacon Explorer-C 
Bureau International de I'Heure 
Crustal Dynamics Project 
Consiglio Nazionale delle Recerche (Italy) 
Data Information System 
Defense Mapping Agency 
European Centre for Medium-Ranged Forecasting 
EI Nino/Southern Oscillation 
Geodetic Navstar Receiver 
Global Positioning System 
Geopotential Research Mission 
GRM Science Steering Group 
International Radio Interferometric Surveying 
International Union of Geodesy and Geophysics 
Jet Propulsion Laboratory 
Laser Geodynamics Satellite 
Lunar Laser Ranging 
length of day 
Million Year 
Magnetic Field Satellite 
Magnetic Field Explorer 
Miniature Interferometric Terminals for Earth Surveying 
McDonald Laser Ranging Station 
Mobile Laser System 
Mobile VLBI 
National Aeronautics and Space Administration 
Division of National Mapping (Australia) 
National Crustal Motion Network 
National Geodetic Survey 
Natmap Laser Ranging Station 
National Meteorological Center 
National Oceanic and Atmospheric Administration 
Nanotesla 
Owens Valley Radio Observatory 
Poise 
pulses per second 
Polar Motion Analysis by Radio Interferometric Systems 
National Space Plan (Italy) 
San Andreas Fault Experiment 
Smithsonian Astrophysical Observatory 
Satellite Emission Range Inferred Earth Surveying 
Satellite Laser Ranging 
Southern Oscillation Index 
Transportable Laser Ranging System 
Ocean Topography Experiment 
Tethered Satellite System 
Transportable VLBI Data System 
Very Long Baseline Interferometry 
Working Group of European Geo-scientists for the Establishment 

of Networks for European Research 
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The National Geodetic Survey Gravity Network 

R. E. MOOSE (National Geodetic Survey. Charting and 
Geodetlc Services. National Ocean Service. National 
Oceanic and Atmospheric Administration. Rockville. 
Maryland 20852. U.S.A.) 

In 1966 the United States National Gravity Base 
Network was esta~lished through the cooperative efforts 
of government and academic organizations involved in 
the nationwide observation of gravity. Thts network 

'was reobserved between 1975 and 1979 using field pro
cedures designed to give high quality gravity differ
ences, and is now referred to as The National Geodetic 
Survey Gravity Network. The network is tied to the 
U.S. Absolute Gravity Reference System by seven 
stations at which absolute gravity has been observed. 
The adjustment of these observations was completed in 
19B3 and the gravity station values are now available 
as reference points for regional gravity surveys. The 
intention is to keep this network up to date and 
improve the accuracy of the station values by 
additional high quality relative ties and by making 
observations with a new portable absolute gravity meter. 

The Observation of Vertical Gravity Gradients: 
Operational Considerations and Survey Results 

Warren T. Oewhurst (National Geodetic Survey. Charting 
and Geodetic Services. NOS/NOAA. Rockville. Md. 20852) 

The National Geodetic Survey (NGS) has recently 
begun the observation of vertical gravity gradients. 
The observations are performed using LaCoste & Rombe,rg 
relative gravity meters and survey tripods. both fixed 
and variable in height. 

USing this technique. a gradient survey was con
ducted in the Pamlico Sound area of North Carolina. 
Results indicate that measurements can be taken. over 
a distance of 2 meters in height. with a precision of 
approximately 3 microgals/meter. 

The results of this survey. in addition to the 
operational limitations of using relative gravity 
meters to measure vertical gradients will be 
discussed. 

Suggested system improvements such as taller 
platforms and electronically fedback meters will also 
be presented. 

1iJ2~3 

Comparison of Geoid Undulation Differences in Central 
Ohio 

T. ENGEL IS (Dept. of Geodetic Science and Surveying. 
The OhlO State University. Columbus. OH 43210) 
C.C. TSCHERNING (Danish Geodetic Institute. Copenhagen) 
R.H. RAPP (Dept. of Geodetic Science and Surveying. 
The Ohio State University. Columbus. OH 43210) 

Ell i psoi da I height di fferences have been deter
mined for 13 station pairs in the central Ohio 
region using GPS measurements. This information 
was used to compute geoid undulation differences 
based on known orthometric heights. These differ
ences were ,compared to gravimetrically computed 
undulations (using a Stokes integration procedure 
and least square collocation having an internal 
r.m.s. agreement of ±1.5 cm in undulation differ
ences). The two sets of undulation differences 
have an r.m.S. discrepancy of ±8 cm while the averaqe 
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station separation is of the order of 20 km. 
Although the accuracy level of the gravimetric 
quantities is clearly a function of distance between 
station pairs. no such correlation was found in 
the discrepancies of undulation differ~n~es. in
dicating that the agreement is below tile laccuracy 
level. This good agreement suggests that gravi
metric data can be used to compute accurate geoid 
undulation differences that can be used .t~ convert 
ellipsoidal height differences obtained~ from GPS 
to orthometric height differences. Such computations 
require a dense set of gravity anomalies! and an 
optimum selection of a reference field. '! 

G12-1)4 
Secular Gravity Variation 'in the BTTZ Region of China 

J. T. KUO. w. E. BROWN (Lamont-Doherty Geological 
Observatory and Aldridge Laboratory of Applied 
Geophysics. Columbia University. New York. NY 10027) 

GU GUNG XU. LIU KE REN. HUA CHANG CAl (Institute of 
Geophysics. State Seismological Bureau. Beijing) 

A cooperative resear~h project between the Institute 
of Geophysics. State Seismological Bureau of the Peo
ple's Republic of China and Columbia University has 
b~en.~onitoring gravity since early 'Bl in the Beijing
TlanJln-Tangshan-Zhangjiakou (BTTZ) region of China. 
The principal objective of the project is to investi
gate secular changes in local gravity relative to re
gional seismic phenomena. Eight semi-permanent sta
tions. each equipped with a Geodynamics TRG-l tidal 
recording gravimeter and digital data acquisition sys
tem. provide temporally continuous data to a preciSion 
of ~.1 micr?gals around the BTTZ region. Mobile gravity 
~urveys. uSlng t~ree Lacoste and Romberg model G grav
lty meters. provlde broad spatial coverage every four 
months to a precision of 10 to 15 microgals. 

Results of seven mobile gravity surveys (July '81 to 
Oct. '83) indicate virtuany no significant Changes 
within the experimental error. Over most of the region. 
the total temporal range of variations is within plus 
?r minus 20 microgals. However. around Tian Jin. grav
lty consistently increases to about 70 microgals over 
26 months. evidently due to regional subsidence in 
response to groundwater withdrawal. 

Results from the semi-permanent stations show rela
tively minor secular variations. Three of the TRG-l 
meters perform exceedingly well. with long term instru
mental drifts on the order of fractions of a microgal 
per day. Removal of this drift yields a gravity signal 
whose temporal variation is generally within 10 micro
gals. 

.In conclusion. our results. thus far. show no signi
flcant gravity changes which can be directly attributed 
to tectonic processes in the BTTZ region. 

The Effect of r,PS Receiver r~easurement 
Error on Gravitv -Ano~ Survey 

Accuracy 

Alan G. Evans 
Naval Surface Weapons Center 

Dahlgren. VA 22448 ' 
Sponsor:. Robert Hill 

Recent advances in Global Positioning 
System (GPS) receiver capability have moti
vated this investigation to examine the po
tential for using GPS as a vertical reference 
in gravity anomaly surveys. For the study. 
all values are assumed to be knovn perfectly 
except the receiver measurement noise. The 
gravity anomaly statistical model used and 
the accuracy analysiS assumptions are pre
sented. For a receiver phase measurement 
error of 8 centimeters or less. the gravity 
~nornaly estimation error vas found to be less 
than 1 milligal for survey vehicle velocities 
of 100 mls or less. The effect of other er
ror sources, such as clock error and satellite 
orbit error, are discussed but are not ana
lytically determined. 



Geoid Height Differences from GPS Surveys at the 
Subdecimeter-Level 

L. D. HOTHEM (National Geodetic Survey. Charting 
and Geodetic Services. National Ocean Service. 
National Oceanic and Atmospheric Administration. 
Rockville. Maryland 20852. U.S.A.) 

Since early 1983. the National Geodetic Survey has 
been conducting geodetic surveys with satellites of 
the Global POSitioning System (GPS). Included in the 
specifications for the surveys is a standard require
ment that connections be made to bench marks with 
elevations determined from spirit level ties to the 
National Geodetic Vertical Datum of 1929 (NGVD 29). 
Distances between bench marks occupied simultaneously 
ranged from less than 1 km to generally less than 
100 km. Geoidal height differences were computed by 
differencing the GPS-derived ellipsoid (geometric) 
height differences from the leveled (orthometricl 
differences. These GPS-derived geoidal height differ
ences (6N) were analyzed by comparison with 6N values 
derived from astrogravimetric methods for estimating 
geoidal heights. The comparisons yielded differences 
with an rms of better than 5 cm. For those lines with 
repeated 6N measurements. the rms values were 2-5 cm. 

G12-1)7 
Tests for Optimal Estimation of High Degree and 
Order Gravity Fields 

D.P: HAJELA (Dept. of Geodetic Science and 
Surveying. The Ohio State University. Columbus. 
Ohio 43210) 

The potential coefficients describing the earth's 
gravity field may be computed very efficiently by 
quadrature formulas from a global set of lOx 1° mean 
gravity anomalies. The use of mean anomalies requires 
judicious use of desmoothing factors 1/4n8~. 1/4n8n' 
1/4n; where 8n are Pellinen's smoothing factors. 
The December 1981 potential coefficients field 
developed by R.H. Rapp at the Ohio State University 
used the three desmoothing factors respectively 
for degrees less than 60. 60 to 180. and greater 
than 180. This potential coefficients field has 
generally been employed only to degree 180 because 
of concern over the sharp discontinuity in the spec
trum of potential degree variance at degree 180. 

A more rigorous procedure is to replace the de
smoothing factors in the quadrature formulas by 
optimal quadrature weights. which are obtained by 
least squares collocation based on the covariance 
function of the gravity anomalies. O.L. Colombo 
designed an algorithm. described in OSU Report No. 
310 in March 1981. for the efficient computation 
of the optimal quadrature weights. Colombo tested 
this algorithm with Sox 5° mean anomalies. 

We have extended these optimal estimation 
procedures to various global sets of lOx 1° anomalies 
with dffferent standard deviations. With realistic 
standard deviations of anomalies. the percentage 
improvement by degree over December 1981 potential 
coefficients is of the order of 7%. 21% and 47% 
respectively at degrees 60. 120 and 180. The coef
fici~ercentage error. which had reached 100% 
at cregree 120 in December 1981 field. 'is now of 
the ~rder of 44%. 67% and 88% respectively at degrees 
120. 180 and 250. 

G12..IJ8 
Filters for Data Noise. Problem Stabilization. 
and Oata Combination in Physical Geodesy 

J.Y. CRUZ (Dept. of Geodetic Science and Surveying. 
The Ohio State University. Columbus. OH 43210) 

Frequency domain collocation in the continuous 
case provides for the derivation of a general filter 
for an optimal handling of data noise. incorrectly 
posed problems. and combination of data from dif
ferent sources. Parameters for the construction 
of a specific filter from the general filter are: 
a priori noise of data. positive coefficients 
defining the base function being used for the gravity 
field representation. and radius of the Bjerhammar 
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sphere. The constructed filter can be applied 
to the data In a pre-filtering / before the usual 
integral formula of physical geodesy is applied. 
or, the filter can be included in the definition 
of the integral kernel amounting to the use of 
a modified kernel in the integral formula. Graphs 
will be presented to illustrate the behavior of 
specific filters being implicitly or explicitly 
used in well-known computational procedures in 
physical geodesy. Such procedures include the 
various truncation methods and the spectral method 
for combining terrestrial and satellite data. and 
the inversion of data into one or more layers of 
interpolation coefficients in the various base 
function representations' of the gravity field. 

r,12~ 

The Contribution of Vertical Gravity Gradients and 
Ge01d Height Differences to Geoid Modeling 

C. C. GOAD 
M. M. CHIN (both at National Geodetic Survey. Charting 

and Geodetic Services. National Ocean Service. 
National Oceanic and Atmospheric Administration. 
Rockville. Maryland 20852. U.S.A.) 

The contribution to geoid modeling with recently 
obtained vertical gravity gradients using relative 
gravity meters and geoid height differences from a 
combination of leveling and Global Positioning System 
(GPS) relative surveys will be presented. An impr?ve
ment in gravity predictions from 3 mgal to 2 mgal 1S 
found when gravity gradients are used. Geoid height 
differences contain the same information as deflection 
of the vertical observations. However. the cost of 
obtaining geoid height observations is much less than 
the traditional astronomic determinations of vertical 
deflections. The accuracy will be the equivalent of 
O~2 or better. 

G12-J.!) 
The Method of Clenshaw Sums of the Legendre Series 
1n the Geopotential Evaluation Theories of Deprit and 
Tscherning. Rapp and Goad 

Peter J. Melvin (Boeing Computer Services, 
BOK 3707. Seattle. Wa. 9B124) (Sponsor: R. H. Rapp) 

Deprit. 1979. and Tscherning. Rapp. and Goad. 
19B3 have used the method of Clenshaw sums to 
evaluate the Legendre series for the Fourier 
coefficients In the spherical harmonic eKpansion of 
the geopotentlal. Deprit uies ~nnormallzed functions 
which have an overflow problem for higher order 
expansions to evaluate the potential and the 
rectangular components of its grad ient and Hess ian. 
Tscherning. Rapp. and Goad use normalized functions 
to find spherical components. but use expressions 
that have apparent singularities at the poles. In 
this study. Clenshaw sums are applied to normalized 
functions to evaluate the geopotentlal and the 
spherical components of its gradient and-Hessian from 
expressi ons that are we 11 behaved at the poles. A 
16K home computer has been used with the GEM10B 
coefficients to produce maps of the geoid anomalous 
gravity vector and gradient on the ellipsoid In five 
projections. 

Below Is a Mercator map of the radial. north
south component of the gravity gradient at 1.8 degree 



(112-11 
Concerning a New Integral Equation for Gravity 
AnOTlalles Based on the B1hannon1c Potent1al 

ROLLAND L. HARDY (CNOC Research Chair in MC & G, 
Naval Postgraduate School, Code 68Xz, Monterey, 
CA 93943) 

An existence theorem concerning gravitational 
potential Inside a material body has been converted 
Into an explicit definite integral equation of a 
Fredholm type for disturbing potential T Inside or 
outside the body. The fundamental unknown Is an 
Internal density anOTlaly function. 

The kernel of the integral equation is a distance 
funttlon and the solution for the density anomaly Is 
represented everywhere by the bl hannonlc di sturbl ng 
potential In three dimensions: 

<I ( 6 A) __ V2 (';>2T) 
A r, , 811' 

A new Integral equation for gravity anomalies 
based on the bl hannonic potential has also been 
derived. Numerical solutions of this Integral based 
on gravity anomalies at the boundary may provide 
estimates of deflslty at selected Internal points, 
augmenting the already known capability of predicting 
gravity anomal I es at points where they have not been 
measured. 

fi12-12 
A Comparative Study of Spherical and Flat-Earth 
Geopotent1al Modeling at Satellite Elevat10ns 

M.H. PARROTT, W.J. HINZE, L.W. BRAILE (Dept. of 
Geosc1ences, Pu~1ue University, West Lafayette, 
IN 47907) 

R.R.B. VON FRESE (Dept. of Geology and Mineralogy, 
Ohio State University, Columbus, OH 43210) 

Flat-earth modeling is a desirable alternative to 
the complex spherical-earth modeling process, b~t do 
errors invalidate the use of flat-earth assumptlons 
at satellite elevations? These methods were com
pared USing 21-D flat-earth and spherical modeling 
to compute gravity and scalar magnetic anomalies 
a]ong profiles perpendicular to the strike of variably 
dimensioned rectangular prisms at altitudes of ISO, 
300, and 450 km. Comparison was achieved with percent 
error computations (spherical-flat/spherical) at 
critical anomaly point~. At the peak gravity anomaly 
value, errors are less than ~5% for all prisms. At 
1 and 1/10 of the peak, errors are generally less 
than 10% and 40% respectively, increasing to these 
values with longer and wider prisms at higher alti
tudes. For magnetics, the errors at critical anomaly 
points are less than -10% for all prisms, attaining 
these magnitudes with longer and wider prisms at 
higher altitudes. In general, in both gravity an~ 
magnetic mOdeling, errors increase'greatly for pr1sms 
wider than 500 km, although gravity modeling is more 
sensitive than magnetic modeling to spherical-earth 
effects. Preliminary modeling of both satellite 
gravity and magnetic anomalies using flat-earth 
assumptions is justified considering the errors 
caused by uncertainties in isolating anomalies. 

Interdisciplinary Research in 
'Geodesy and Tectonophysics 
Room 1 & 15 Wed PM 
Presider, R. V. Sailor, The 
Analytic Sciences Corp. 

r,32-'Jl 
The Geoid and Tectonics 

D. L. TURCOTTE (Dept. Geol. Sci., Cornell University, 
Ithaca, NY 14853) 

The simple Bouguer relation between a gravity 
observation and the local integrated mass anomaly 
allows important tectonic problems to be studied 
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directly. The role of lithospheric flexure in the 
compensation of mass anomalies can explain many 
gravity observations. This can be done on local 
features such as ocean trenches, ocean islands, and 
sedimentary basins or by a spectral analysiS on a 
regional basis. This approach has also been useful on 
a global basis for the moon and Mars. A similar 
simple relationship exists between the geoid and the 
local, first-moment of the mass anomaly if the 
condition of isostasy is satisfied. This relation has 
allowed a variety of geoid anomalies to be explained 
in terms of the density structure of the lithosphere. 
The geoid anomaly associated with ocean ridges and 
fracture zones provides important data on the thermal 
isostasy of the oceanic lithosphere. Geoid anomalies 
at passive margins and the geoid difference between 
the continents and the ocean basins provides 
constraints on the thickness of the continental 
lithosphere. Geoid anomalies associated with Hawaiian 
Swell, Bermuda Swell, and Cape Verde Rise can be 
explained by Pratt compensation with a 100 km depth of 
compensation; the !lalvis Ridge and Agulhas Plateau 
with a 30 km depth of compensation. 

'i32-'J2 
GravIty, Gcoid and the Oceanic Lithosphere 

A.B., Watts (Lamont-Doherty Geological Observatory of 
Columbia University, Palisades, New York 10964) 

During the past decade there have been rapid 
advances in the aquisition, reduction and interpre
tation of marine gravity and geoid data. Gravity data 
have continued to be acquired at sea by government, 
university and industry groups using mainly desta
bilized balance beam gravimeters (e.g. Graf-Askania) 
and forced feedback accelerometers (e.g. Bodenseewerk, 
Bell). In regions of favourable sea conditions and 
accurate navigation these instruments produce accur
acies of 1 to 2 mgal. Geoid data have been derived 
from measurements of sea-surface heights during NASA's 
GEOS-3 and SEASAT satellite radar altimeter missions. 
These data produce accuracies of 50 to 10 cm depending 
on sea-state. In the absence of noise, gravity and 
geoid data provide equivalent information about a body 
causing a gravitational field anomaly. In the ocean., 
surface ship gravity data have a better signal/ noi.e 
ratio at short-wavelengths while geoid data have a 
better ratio at long-wavelengths. Gravity data have 
provided constraints on the extent of static compensa
tion of seamounts/oceanic islands, aseismic ridges, 
continental margins and the variation of the long-term 
mechanical properties of oceanic lithosphere with 
age. Geoid data, on the other hand, have provided 
constraints on the extent of static compensation at 
mid-oceanic ridge crests, fracture zones, continental 
margins and the thermal properties of oceanic litho
sphere. Both gravity and geoid data have provided 
constraints on the dynamic compensation of mid-plate 
swells. However, because of its spatial extent geoid 
rather than gravity data have provided the most 
important constraints on mantle convection. 

G32-"l3 

Long-Wavelength Geoid Anomalies and Mantle Convection 

MARK A. RICHARDS 
'BRADFORD H. HAGER (80th at Seismological Laboratory, 
Califor~Institute of Technology, Pasadena, CA 91125) 

Long-wavelength geoid anomalies are caused primarily 
by density contrasts associated with mantle convection. 
Interpretation is complicated by the gravitational 
effects of deformation of the Earth's surface and inter
nal boundaries by convection. These boundary deforma
tions have an effect on the geoid comparable in magnitude 
and opposite in sign to that of the driving density con
trasts. Thus the total geoid response is a small differ
ence between large numbers; it is sensitive in both sign 
and magnitude to the viscosity structure and thickness of 
convecting layers in the mantle. Combining our calcula
tions for linear viscous response functions and recent 
seismological observations allows us to explain at least 
70% of the 1 - 2-9 geoid power. Seismically inferred 
subducted slabs dominate the geoid for harmonic degrees 
4-9 and modelling suggests a viscosity contrast of )30 
between the upper and lower mantle with slabs extending 
into the lower mantle. A remarkable correlation between 



residual geoid degrees 2 and 3 and the recently determin
ed lower mantle velocity heterogeneity models of Clayton 
and Comer (1983) and Dziewonski (1984) is successfully 
explained by mantle-wide flow with a viSCOSity contrast 
of approximately 10 between the upper and lower mantle. 
The lower mantle degree 2 and 3 anomalies are also highly 
correlated with the spatial distribution of hotspots. 
Upper mantle seismic velocities show some correlation 
with the geoid and hotspots, but mid-oceanic ridges do 
not correlate with either the geoid or the velocity mod
els at significant depth. Mantle-wide convection with 
approximately an order of magnitude viscosity contrast 
between the upper and lower mantle, a lower m;\ntle 
source for hotspot thermal anomalies, and largely pass
ive mid-oceanic ridges with subducting slabs weakly cou
pled to the longest-wavelength convective circulation 
are consistent with the above observations. 
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SEASAT Observations of Flexure: Evidence for a Strong 
Lithosphere 

D. C. MC APOO ("National Geodetic Survey, Charting 
and Geodetic Services, National Ocean Service, NOAA, 
Rockville, Md. 20852) 

C. F. HARTIN (EG&G Washington Analytical Services 
Center, Inc., Riverdale, Md.) 

S. POULOSE (RHS, Inc., Greenbelt, Md.) 

In the past dozen year", bathymetriC observations of 
Outer Ri",,, have been labcrioosly and extensively compared 
with models of lithospheric flexure. These ccmpariroos 
suggest that the lithosphere thickens with age out to 
100 Myr as pred1cted by established thermal models. 
Further, these comparisons indicate (McNutt and Menard, 
1982) that mechanical lithosphere does not continue to 
thiclcen with age past 100 ~r 0<", equivalently, that 
mechanical lithosphere does not extend much beyond depth 5 

of 40 km under the oceans. 
We have tested these same elastic models of 11 thospljeric 

flexure directly on SEASAT al timeter profUes over Outer 
Rlses adjacent to nine major subduction zone s. These 
nlne include the Aleutian, Mar1ana (south and north), 
Izu-Bonin, Puerto Rico, Peru-Chile, South Sandwich, 
Philippine and Kuril trenches. These comparisons with 
SEASAT prof1les indicate that the lithosphere does 
continue to th1cken with age out to 150 Myr - the 
approximate age lithosphere being subducted at the 
oorthern Haria"" trench. Furthermore, we can demonstrate 
that the lithosphere possesses an apparent flexural 
strength approximately equal to that predicted from rock 
mechan1cs experiments by Goe tze and Evans (1979) -
after each region is adjusted for its particular age 
dependence. 

"Work is performed at Geodynamics Branch, NASA Goddard, 
Greenbelt, Md. 

1132..1)5 
Thermal Cooling of the Oceanic Lithosphere . 
Observational Evidence for two Distinct Regimes 

A. CAZENAVE, 
M. LEFEBVRE (both at : GRGS-cNES, 18 Av. E. Belin, 

31400 TOulouse, France) 

Thermal contraction of the oceanic lithosphere 
causes the geoid height to decrease as age increases 
and gives rise to a geoid offset at fracture zones. 
Seasat geoid data at fracture zones 1n the whole 
Pacific ocean are used to redete~ine parameters of 
the lithospheric cooling models. We find that the 
data follow closely the behavior predicted by the 
'plate' thermal model and reveal two distinct 
regimes of cooling; one for seafloor ages in the 
range 0-25 Ma, the other beyond 30 Ha : this does 
not appear correlated with particular fracture zones 
but rather is representative of the whole studied 
area, i.e. whole south Pacific and northeast·Pacific 
ocean. These two trends are interpreted in term of 
two different (asymptotiC) thermal thicknesses. The 
smaller thermal thickness (- 65 km) found for ages 
~ 25 Ha - compared to - 90 km in the age range 
30 - 60 Ma - calls for some kind of thermal 
perturbation in the Vicinity of the ridge crest. 
Furthermore, the depth - age relationship obtained 
from the geoid derived thermal parameters departs 
significantly beYind 30 Ha from the widely used 
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Parsons and Sclater's depth - age curve, and predicts 
a lesser subsidence. This may be of crucial 
importance for the evaluation of depth anomalies, 
thus for testing models of the mechanisms responsible 
of these anomalies. 
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A Bathymetry and Altimetry Profile Across the South
west Indian Ridge Crest at 31'S Latitude 

A.B. WATTS (Lamont-Doherty Geological Observatory, 
Palisades, New York 10964. 

J .R. COCHRAN (Lamont-Doherty Geological Observatory, 
Palisades, New York 10964. 

P. PATRIAT (Institut Physique du Globe, Place 
Jussieu, Paris. France 

During March 1983 the M/V Marion Dufresne obtained a 
bathymetry profile along more than 1500 km of a SEASAT 
radar altimeter sub-track across the southwes t Indian 
ocean ridge crest. We have used this data to estimate 
the thermal and elastic thickness of the oceanic 
lithosphere in the vicinity of the ridge and to eva
luate the performance of the SEASAT altimeter. The 
thermal thickness appears to be in the range 72 to 109 
km while the elastic thickness is approximately 5 km. 
The geoid height associated with the batl.Ylletry and 
its compensation has been coqputed and compared to the 
observed geoid. A statistical analysis shows that 
there Is a strong correlation between computed and 
observed geoid for wavelengths greater than 40-50 k., 
while for shorter wavelengths there is a poor correla
tion. The poor resolution at short-wavelengths is 
attributed to instrument and oceanographic noise in 
the altimeter data. We examine the implications of 
these results for a) bathymetric prediction and b) 
tectonic studies In the world's oceans. 
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A. J. ANDERSON (Dept. of Geodesy, UniverSity of 
Oppsala, Ral1by, S-75590 Uppsa1a, Sweden) 

Correlations as high as 0.92 were found between the 
geoid and crustal depth structure for marine regions 
in Scandinavia. Results agree with theoretical models 
indicating large scale isostatic behavior of the 
lithosphere. Crustal depth structure was also found 
to corre hte with the 1 and up 1 i ft and wi th the 
resultant change in the geoid in Scandinavia. 

These results suggest that previous attempts to 
correlate the geoid in Fennoscandia with the causes 
of land uplift have overestimated the isostatic geoid 
anomaly. Current crustal models reduce the residual 
isostatic geoid anomaly considerably. Application of 
these results to the geoid anomaly in Fennoscandia 
could be interpreted as agreeing with those placing 
the mantle viSCOSity in the upper mantle closer to 
1021 Pa s rather than 4 x 102~ Pa s which has earlier 
been assumed. 

r;3?-'J3 

s ,--------------------------------, 

MOHO DEPTH (KM) 
The figure shows the relation between 
geoid and crustal depth found for marine 
areas in Scandinavia. 

Use of SEASA T Geoid Anomolies to Inter licoted 
ectonic Regions: he Mocguorie idge 

LARRY RUFF (Dept. of Geologicol Sciences, University of 
Michigon, Ann Arbor, MI 48109) 



ANNY CAZENAVE (Groupe de Recherches de Ge'odesie 
Spotiale, 18 Ave. Edouard Belin, Toulouse, 31055, FRANCE) 

The major tectonic plates have been identified, and in mast 
regions there is little ambiguity regarding plate boundary type. 
However, there are a few oceanic regions that present 
conflicting evidence as to the style of tectonics. A notable 
example is the Macquorie Ridge complex, which serves as the 
India-Pacific plate boundary between New Zealand and the 
Pacific-Antorctica spreading center. The location of the India
Pacific rotation pole is close to the Macquarie Ridge complex, 
hence we can expect some change in the relative motion along 
the complex. The predicted relative motions change from a 
combinotion of strike-slip and convergence in the north, to pure 
strike-slip in the southern part of the complex. The Macquarie 
Ridge complex has a high level of seismicity, and the focal 
mechanisms of the large earthquakes since 1963 are crudely 
consistent with the predicted motions. However, the 
southernmost part of the complex consists of the Hjort trench, 
an arcuate, deep (-6 kn\) trough. As troughs do occur along 
major fracture zones, such as the Eltanin and Romanche, 
perhaps the Hjort trench is simply a fracture zone, rather than 
a convergence zone. 

We use SEASA T geoid profiles in a tectonic comparative 
sense. The Hjort trench geoid anomalies are characterized by a 
sharp geoid low, reoching 10 m in the northern Hjort trench, but 
lacking the obvious broad geoid high associated with well
developed subduction zones. We have examined the geoid 
profiles across the Romanche fracture zone, and find that t~ 
maximum amplitude of the narrow geoid low aver a trough is 3 
m. On the ather hand, an immature subduction zone such as the 
South Solomon trench shows a narrow geoid low with 7 m 
amplitude, and a subdued broad geoid high. Thus, the geoid 
anomalies over the northernmost Hjort trench have an 
immature subduction zone affinity, implying that the tectonics 
in the Hjort trench region may not be predicted by the large
scale motions of the India and Pacific plates. 

Current and Future Geophysical Application of 
Satellite Altimeter Measurements 

W. F. Aaxby (Lamont-Doherty Geological Observatory of 
Columbia University, Palisades, New York 10964) 
(Sponsor: A. B. Watts) 

Marine geophysics has benefited greatly from inform
ation supplied by the Geos-3 and Seasat satellite 
missions. Both satellites carried radar altimeters 
capable of making precise measurements of the shape of 
the sea surface, a surface which conforms closely to 
the marine geoid. The more advanced" Seasat alt.imeter 
achieved a preciSion of .05-.10 m. and recovered 
information on the gravitational perturbations associ
ated with features as small as 20 \em. Although its 
premature demise prevented Seas at from obtaining the 
coverage necessary to fully exploit its sensitivity, 
maps of the marine gravity field generated from Seasat 
data display a wealth of newly discovered geological 
features and gravity field characteristics which 
expand our knowledge of sea floor physiography and 
offer tantalizing evidence of dynamic processes occur
ing within and beneath the lithosphere. Investigations 
concerned with plate kinematics, small-scale thermal 
convection, and lithospheric deformation particularly 
stand to benefit from this inforllation. In the near 
future, geophysical studies will benefit from: 'more 
sophisticated analysis of the altimeter data directed 
at enhancing the information present in the data; 
reprocessing Seasat measurements over aea ice to ob
tain IIX>re accurate estimates of geoid undulations in 
high latitudes, particularly in the southern hemi
sphere; and the development of techniques for combin
ing altilleter data vith conventional geophysical data. 
In the longer term, satellite missions such as Geosat 
and Topex will result In more extensive coverage and 
higher preCision. 

DIGITAL IMAGE ENHANCEMENT OF GRAVITY 
AND BATHYMETRY DATA 

P.C. Fisher 
J.T. Parr 
R.V. Sailor (The Analytic Sciences Corp. 

One Jacob Way, Reading, MA 01867) 
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Improvements in both computer technology 
and in the density and coverage of geo
physical data have made it practical to 
display various maps as high resolution 
images. Dramatic examples of this have 
been developed by various investigators 
and include, for example, images of con
tinental elevations and gravity data. 
In addition, various displays of geoid 
height, gravity anomaly, and vertical 
deflections have been made from SEASAT 
and GEOS-3 altimeter data. All of these 
image products have increased the visual 
impact of such data and made it easier 
to interpret relationships among tectonic 
features. 

This paoer illustrates several standard 
and "state-of-the-art" image enhancement 
techniques applied to geophyiscal data 
images. The techniques are demonstrated 
on images of ocean bathymetry (SYNBAPS, 
5 mIn resolution) and the gravity field 
(Raop, 1981 degree-180 harmonic coef
ficients). Results show the advantages 
and disadvantages of techniques such as: 
histogram equalization, pseudo illumina
tion, feature extraction algorithms, 
supervised classification, local-area 
adaptive techniques, and image overlays. 
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Lithospheric Structure in the SEASAT Ceoid of the 
Central Pacific 

B. D. HARSH (Earth and Planetary Scl. ,Johns Hopkins Uni
versity, Baltimore, HD 21218) 

J. HINOJOSA (Earth and Planetary ScL ,Johns Hopkins Uni
versity, Baltimore, HD 21218) 

J. G. HARSH (Geodynamics, r~ddard Space Flight Center, 
Greenbe 1 t, tID 20771) 

Although it is commonplace to remove the effects of re
gional lithospheric thermal subsidence from bathymetry to 
expose anomalies in depth, the effects of regional litho
sphel"ic structure on the geoid is less appreciated. These 
effects came principal1y from relative changes in plate age 
across fracture zones in relatively young «"'80 Ha) sea 
floor. These regional anomalies often amount to "'2 m and 
must be relltOved from the geoid before sublithospheric den
sity variations can be revealed with the geoid. Along these 
lines, we have refined our previous models of the geoid due 
to lithospheric structure in the central Pacific 
and have removed these sources from a new high degree and 
order (n,m> 12 ,12) SEASAT geoid, which has been corrected 
for orbit crossover errors. Much of the E-W geoid structure, 
having a wavelength of about 2000 lan, over the youngest sea 
floor can be removed in this fashion, but there are stil1 
some large residual anomalies (NE of nnwaii) over appar
ently smooth seafloor plus those due to thermal swel1s (e.g. 
Hawaii). Thus we have also obtained the transfer function 
between geoid and sea floor topography and compared this 
with that of Airy-type isostatic compensation with wave
number dependence. An additional synthetic geoid has been 
computed from the topography and the transfer function In 
hopes of further eliminating lithospheric sources. The re
sulting map still shows some significant anomalies which 
may be due to mantle convection .. Nevertheless, because 
topographic features are mainly coherent with the geOid, to 
first order an isostatically compensated lithosphere cut 
by major E-W fracture zones accounts for most of the power 
in the high degree and order SEASAT geoid in the Central 
Pacific. 
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A Tectonic Tour of the Indian Ocean via the Seasat 
Satellite 

JEFFREY K. WEISSEL and WILLIAM F. HAXBY (both at: 
Lamont-Doherty Geological Observatory of Columbia 
University, Palisades, N.Y. 10964) 

Radar altimeter data obtained by the Seasat satel
Ute continue to play a major role in solving out
standing problems in marine and solid-earth geophys
iCS, and will undoubtedly help define many more. The 
importance of Seasat data stems from their untform 
distribution over the oceans worldwide, and the ±a.OS 
II accuracy with which sea surface height variations 



were measured. In addition, the reduction of the 
altimeter data set to geographically-gridded gravity 
anomalies and the use of digital imaging techniques 
for the display of such gravity data, provide an ideal 
means for rapidly assessing the information obtained 
by Seasat, and for comparing Seasat data with other 
types of geophysical data. Many features of tectonic 
interest are clearly delineated by Seas at data -- this 
is particularly important in. remote regions (such as 
the Indian Ocean) that have been poorly surveyed by 
ship. We will highlight newly-identified tectonic 
features 1n the Indian Ocean to demonstrate the val
uable contribution of Seasat data to a) plate kine
matics models, and b) studies of thermomechanical 
deformation of oceanic lithosphere. Seasat data con
tribute to the knowledge of past plate motions through 
the improved accuracy with which lithospheric age dis
continuities such as fracture zones, ridge crest 
jumps and ab~ndoned spreading centers, are mapped. In 
the southern Indian Ocean, two new fracture zones 
which respectlve~y record the movement of Africa and 
India away from Antarctica in Late Hesozoic time, have 
been discovered. Seas at data" over the Indo-Australian 
plate provide clear evidence for deformation of the 
lithosphere under ·~S compression, and for roll-like 
gravity features aligned in the direction of absolute 
plate motion, which may reflect small-scale convection 
beneath the plate. 

An Inversion Al,~orithm f()r tile Determination of 
Grophyslcal ;Jaramcters 

J. tl. BROZENA. L. r.. KOVACS, 
P. LM!ZANO (all at the Naval Research Laboratory, 

Code 5110, l/ashinp,ton, D.C. 20375) 

l~e have devised an algorithm that w111 allow us 
to ascertain the density profile of various lower 
layers consistent with the gravity anomalies mea
sured at the upper surface. We have assumerl a 
fixed geometry and have reached a linear system 
that relates the unknown layer densities to the 
given gravity measurements and the expected errors 
that w111 be present in the execution of the com
putations. The coefficients matrix is supposed to 
be known since it represents the self-attraction of 
the lower layers. 

Such system, however, presents an infinity of so
l .. tfn"~. "~ny of which lack geophysical signifi
cance. In order to bracket our solutions, we apply 
a minimum principle, whereby we impose to minimize 
a suitable functional of densities and errors. We 
have chosen a quadratic expression which leads to 
the most compact configuration comoatible with the 
given measurements. 

It is a matter of choosing certain weighting ma
trices. Should these matrices be fixed once for 
all, we then get the densities in terms of the 
gravity anomalies by a onestep procedure essentially 
akin to least squares. It is, however, more appro
priate to change the weighting matrices at each 
step of the computation, whereby we generate a 
recurrent procedure and obtain the k-th approxi
mation of the density profile in terms of the 
(k-l)-st choice of the weighting matrices. 

This algorithm has been computerized and will be 
tested against profiles of known topography and 
density layering. 
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ALONG-TRACK PEFLECTIONS OF THE VERTICAL: GEBCO OVERLAYS 

p. T. SANPWELL (National Geodetic Survey, Charting 
and Geodetic Services, National Ocean Service, NOAA, 
Rockville, Md. 20852) 

To provide easy access to the vast nUllber of Sea sa t 
al tilleter Observations, the National Geodetic Survey 
has produced overlays for the GEBCO map series (General 
Bathymetric Chart of the Oeeans, Hydrographic Chart 
Distribution Office, Ottawa, OntariO, Canada, K1G 3N6). 
Each of the 32 sheets displays along-track deflection 
of the vertical for either ascending or descending 
al timeter passes. In poorly charted southern ocean 
areas the complete coverage by the Seasat altimeter 
reveals many previously undetected features of the 
seafloor. An ell3Jlple of descending profiles across the 
Odin.tsev Fracture Zone is shown below. 
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Excitations of the Earth's 
Rotation I 
Room 21 Thurs AM 
Presider, J.O. Dickey, JPU 
CALTECH 

A~tivitles ~ ~ ~ ~ International ]niQn ~ 
~.All..d. Geopbys1c!'I/IntcrnatiQoal A:Hlociat1Qo!J..f.. 
Geodesy <rUGG/IAG) Speoial ~ .Gl:J2.u.l! ~ 
Atmospheric Exoitation ~ ~ ~ .I!.sWlUllll 

LJ1..~ 
Jet Propulsion Laboratory, 
California Institute of Technology 
Pasadena, California 91109 

The transfer of angular lIolientum be tween the oceans, 
atmosphere, and solid Earth is rapidly emerging as a 
problem of great scientifio importance. Recent studies 
demonstrate that the angular momentum transfer betveen 
the atmosphere and the solid Earth makes a major 
contribution to short-terll variations in the length of 
the day. The aain objectives of the SSG 5.98 are to 
prOTide • forum for soientifio discussions and 
interactions on these topics, to encourage further 
studies and to advocate improve.ents in the measurement 
techniques. The current goals of the study group are 
outlined belov: 

oWe vill encourage cooperative multidisciplinary 
studies of the angular momentum transfer be tween 
the solid Earth, the oceans and the atmosphere. 

o We vill strive for improved communication and data 
flov betveen the atmospheriC and geodetio 
comllunities. An establishment of data base and the 
assooiated doeumentation will be pursued; greater 
interaction on models and applica tions of results 
vill be stressed. 

o Considering that the Haln Campaign of Project HERIT 
(Heasurement of .Earth .Rotation of ~ntercomparison 
of .Iechniques - September 1, 1983 to October 31, 
198_) will produce the highest resolution and most 
aecurate measurements of earth rotation ever 
achieved, we have requested and will interact with 
meteorolOgical data centers, so that every effort 
is made to collect the most complete po.sible set 
of global meteorolOgical data and reduce these data 
in a consistent manner to obtain the highest 
quality atmospheric angular momentum excitation 
functions throughout this period. 
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Exqitat~ ~ Short-Term Length-oC-Day ~ ~ 
.fsIlAI: .l12U2n 

.I!..~ 
Geophysical Fluid Dynamics Laboratory 
Meteorological Office 
Bracknell 
Berkshire RG12 2SZ, Onited Kingdom 



Several years ago, for the purposes of me teorologi
cal and geophysical research, we established a firm 
theoretical basis for the uae of routine determinations 
of fluctuations in all three components of the angular 
momentum of the Earth's atmosphere in the assessment of 
the extent to which atmospheriC excitation can account 
tor short-term fluctua tions in tbe lengtb at day and 
polar motion. We applied our methods to available data 
(including the meteorological data sets trom the First 
GARP Global Experiment, FOGE) and concluded tbat 
seasonal and sborter timescale changes in the length of 
the day could, at least over the interval stUdied, be 
tully accounted tor wi tbout invoking non-a tmospheric 
excitation, such as angular momentum exchange between 
tbe Earth's liquid metallic core and solid mantle. 
(Core-mantle interactions are, however, tbe most 
probable main cause ot large irregular length-ot-day 
changes on timescales upwards ot a tew year:!.) We also 
concluded that atmospheric excitation could account for 
the Observed polar motion, without finding it necessary 
to invoke tbe Eartb's core or ettects due to movements 
in the solid Earth associated witb earthquakes of 
magnitude not exceeding 7.9 (that of the strongest 
experienced during tbe period covered by the study). 
Our most recent work confirms these conclusions and 
also extends tbe investigation of the 7-week fluctua
tion in the axial component of atmospheriC angular 
momentum revealed by these studies. It is gratifY ing 
tha t in tbis important area of geophysical research, 
wbich is greatly benefitting from new geodetic tech
niques, colla bora tive studies are now being vigorously 
promoted by. a new Interna tio ... l Association fOr Geodesy 
working group chaired by Dr. Jean Dickey of the Jet 
Propulsion Laboratory. 
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Causes of the decade variations in the Earth's 
rotation 

H. G. ROCHESTER (Dept. of Earth Sciences, ~femorial 
University of Newfoundland, St. John's, Nfld. 
AlB 3X7) 

Between the short-term (~5 yr) fluctuations in 
the axial rotation of the solid Earth (now well 
explained by exchange of angular momentum with the 
atmospheric zonal wind system) and the long-term 
changes (attributable largely to tidal friction 
and deglaciation) lie the decade variations in the 
length of day, whose existence seems to require 
coupling of the mantle to motions in the liquid 
core. On this time scale the appropriate core
mantle coupling mechanisms are electromagnetic and 
topographic. This paper reviews the comparative 
effectiveness of the two mechanisms in exciting 
and damping changes in the axial spin rate of the 
solid Earth. At least another decade or two of 
high quality data on UTl and global atmospheric' 
angular momentum will be needed before we can hope 
for significant improvements in our understanding 
of core-mantle coupling. 

Excitetion of Decede Fluctuations in the Earth's Rotation 

A. K. Babcock 
D. D. McCarthy (U. S. Naval Observatory, Washington, O. C. 

20J90) 

One of the services of the U. S. Naval Observatory is the 
weekly publication of predictions of UTI. In the continuing 
effort to improve the accuracy of these predictions, a study is 
underway of variations in the Earth's rotation. This report 
focuses on the very low frequency variations. 

Records of the Earth's rate of rotation, or length of day 
(I.o.d.), covering at least a few decades characteristically show 
large, abrupt changes in rate occurring at roughly ten-year 
intervals. Because of this apparent pattern, these accelera
tions have been called "decade fluctuations" and ere one of the 
most serious impediments to predicting UTI with improved 
accuracy. 

We have developed a model which produces a ..,rles of 
I.o.d. variations which are statistically similar to the past 160 
years of observed variations, including apparent decade fluctu
ations. This model produces these simulated data by integra
tion of high frequency accelerations. It suggests that the 
"decade" fluctuations may result purely from higher frequency 
accelerations, such as those due to global winds, and that these 
decade fluctuations may ultimately be unpredictable. 
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Time Series Studies of Meteorological Forcing 
Functions for Earth Rotation and Polar Hotion 

DAVID A SALSTEIN 
RICHARD D. ROSEN (both at Atmospheric and 
Environmental Research, Inc., 840 Memorial Drive, 
Cambridge, HA 02139) 

The axial component of the atmosphere's angular 
momentum, H, has been evaluated on a twlce-dal1y basis 
for the years 1976-1983. This series has been shown 
to agree well with changes in the length of day (lod) 
on annual and shorter time scales. In particular, the 
maximum value of H in the record, which occurred in 
early 1983, was mirrored in lod observations and has 
been associated with a Pacific oceanic warming event 
(El Nillo). 

A three-year comparison of two H series, as derived 
from the National Heteorological Center (NHC) and the 
European Centre for Medium Range Weather Forecasts 
(ECMWF), does reveal some discrepancies. To find 
their geographical sources, we examined the contri
bution to both H series made by each of 22 latitudinal 
belts. 

In addition, values of the equatorial components of 
atmospheric angular momentum, related to forcing func
tions of polar motion, are being produced both on an 
operational basis (since 31 August 1983) as well as 
from earlier archived wind and mass fields, and will 
be studied. 
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llle. Southern OsclI) ation .aru1 ~ in .t.hl:. .1&lI&th .lU:J2iIx 

.L..H..~ 
J. O. Dickey 
J. A. Steppe(all at Jet Propulsion Laboratory, 

California Institute of Technology, Pasadena, 
California 91109 

Changes in tha Length of Day (LOD) at seasonal and 
higher frequencies are mostly driven by exchanges of 
angular momentum with the atmosphere. The atmosphere 
cannot 6e responsible for the large changes in tbe LOD 
seen over periods of decades and centuries, and the 
role of the a tmosphere in the interannual LOD changes 
has been controversial. The Southern Oscillation 
invol ves a large scale interannual redlstri bution ot 
atmospheric lIass above the equatorial Pacitic, and Is 
also associa ted with wide-spread changes in the 
atmospheriC and oceanic Circulation, and witb the El 
Nino phenomenon. There were unusually large changes 1n 

.the LOD and the Atmospherlc Angular Homentum (AAH) 
durlng January and February, 1983. These changes 
coincided with the peak ot the 1982-83 E1 Nino, Which 
invol ved unusual cbanges in the a tmospheric pressure 
over the eastern and western troplcal Pacific. The 
seasonally adjusted ditference of tbe sea level 
pressure at Tahiti and Darwin, Australia, wbich is a 
COmmon Southern Oscillation Index (SOl), reached a 
record low in January, 1983. The apparent connection 
between the SOl and the LOD in early 1983 suggests that 
there lIay have been simUar LOD changes during previous 
El Ninos and, also, that the interannual cbanges in the 
LOD lIay be related to tha Southern Osclllation. We 
will describe the relationship betwaen the measured LOD 
and the Tahiti-Darwln SOl data for the perlod between 
1970 and the present. Al though there is no significant 
SOI-LOD coherence at periods less than annual, there is 
an apparent negative correlation between the 
interannual fluctuations in the SOl and the LOD. The 
nature and significance of this correlation will be 
explored. 
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Interannual Length-of-Oay Variation and Southern 
Oscl11atl0n/El Nino 

B. Fong Chao (Geodynami cs Branch, Laboratory for Earth 
SClences, Goddard Space Flight Center, Greenbelt, MO 
20771). 

The atmospheriC and oceanic mass transport associated 
with the southern oscillation (SO)/EI Nino will inevit
ably induce an interannual variation in the length of 
day (LOD). We conduct an empirical correlation study 
by comparing the two relevant time series for the 



period 1957-1983: the SO index (SOl) and the inter-, 
annual LOD variation. The latter is obtained by 
removing the least-squares estimates for the long
period (secular and decade) and the short-period 
(seasonal and tidal) variations from a RIH LOO series. 
The two series has a very encouraging qualitative 
correlation, in particular with respect to El Nino 
events; and the linear correlation coefficient is 
found to be 0.55. It is believed that much, if not 
most, interannual LOO variation is caused by the SO, 
and the true correlation is considerably higher than 
its apparent value considering the fact that the SOl 
is merely an indicator derived from two local atmos
pheric measurements while the LOO is a global 
quantity. Further detailed investigation requires a 
workable SO model. 

Length of Day yla Radio Interferometry: 
Correlation with AtmospheriC Angular Momentum 

R, Potash 
(Interferometrlcs Inc., Vienna VA 22180) 
T. A. Clark 
(NASA Goddard Space Flight Center, Greenbelt MO 20771) 

VLBI measurements made as part of NASA's Crustal 
Dynamics Project (COP) determine vector baseline 
orientation, and thus UT1, with a typical accuracy of 
~ 100 microseconds of time. Observations at weekly 
Intervals on the NGS POLARIS network yield length of 
day (LOO) measurements accurate to ~ 25 microseconds. 
AfTer tidal effects and long term (~6 rronths) fluctuations 
are removea, the data Is compared with measurements of 
atmospheric angular momentum obtained from the COP 
arcnlves. Much of the short term (~3 month) fluctuations 
In rotation rate appear to be due to exchange of angular 
momentum between the atmosphere and the solid earth. 
VLBI LOO data from late 1980 thru the present has been 
analyzed. The most striking feature observed In the 
VLBI data Is the EI Nino event In early 1983. 

Atmos!>herlc ~omentum and Crustal Motion Rela
tionships: Implications of Observed Short Term 
Discrepancies 

H. A. TAYLOIt, .lit. 
H. G. MAYR (both at: NASA/Goddard Space Flight Genter, 

Greenbelt, Haryland 20771) 
L. KR~~R (Institute for Physical Science and, 

Technology, University of Haryland, College Park, 
Haryland 20742) 

'Occasional discrepancies interspersed with close 
correlations between globally integrated atmospheric 
momentum and crustal rotation present a challenge to 
the understanding of both the measurements and the 
physical processes relating the~. Although similar 
annual and quasi-monthly modulations clearly evident in 
hoth data sets support the view of balanced momentum 
exchange, differences of as much as twenty percent of 
the annual variation In momentum sometimes occur 
between the two parameter~. Accounting for bigh 
altitude momentum contributions above 100 mb • .118 well 
as identifiable moment of inertia variations does not 
resolve these discrepancies. AnalYSis indicates that 
uncertainties in the astrometric results are an 
important part of the inconsistency. Comparison of 
regional signatures of rotation change with atmospheric 
momentum indiCAtes regionally dependent difference~. 
This in turn poses questions relative to the accuracy 
of the determinatlon of the crustal motion and to the 
potential importance of as yet undetermined sources of 
momentum change. 
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The Observed Excitation 
Chandler Wobble 

of the LAGEOS Derived 

R. S. Gross 
B. Fong Chao (both at GeodynamiCS Branch, Laboratory for 

Earth Sciences, Goddard Space Fl i ght Center, Green
belt, HD 20771). 

We have deconvolved the Uni versity of Texas LAGEOS 
Chandler wobble ,to recover its excitation function. 
This observed excitation function agrees with tha,t 
previously obtained from the BIH data and covers the 
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period from 1/21/77 to 1/20/84. We will discuss two 
interesting features of the observed excitation function 
for the LAGEOS chandler wobble in conjunction with two 
significant geophysical events. 

First, the excitation axis is observed to change by 
0".04 in the direction of -54 0 E longitude from'8/13/77 
to 9/2/77. Dahlen's application of elastic dislocation 
theory to point tangential dislocations in a SNREI 
earth model predicts a shift of the excitation axis of 
0".0003 towards 93°E longitude due the great Sumba 
earthquake which occurred on 8/19/77. Not only is 
this predicted shift two orders of magnitude smaller 
than that observed but it is in nearly the opposite 
direction. At present we have therefore concluded that 
the observed shift is due to some unknown disctontinuity 
in processing the laser ranging data. Nevertheless 
the coincidence between the time of the earthquake and 
that of the observed change remains remarkable. 

Second, the extraordinarily intensive 1982-1983 
Southern Oscillation/El Nino episode which caused a 
dramatic drop in the earth's rotational speed seems to 
have had a less prominent effect on the Chandler wobble. 
In fact, the X-component excitation during this period 
is rather quiescent. However, the correlation between 
the V-component (,.y) and the Southern Osci llation 
Index (SOl) is encouraging in the sense that "Iy 
closely follows SOl and the overall change in '/fy 
during 1982-83 has a "correct" magnitude. 
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Interaction or Mantle Rheology and Plate Boundary 
Earthquakes in Excitation of Chandler Wobble 

H. A, Slade 
G. A. Lyzenga 
A. Raefsky (all at Jet Propulsion Laboratory, 

California Institute of Technology, 
Pasadena, CA 91109) 

Postseismic motions following great earthquakes-at 
plate boundaries are studied for a variety of 
asthenospherio rheologies and low effective viscosity 
zones. These "tudies model the whole earth response to 
such exci ta tion using three-dimensional finite element 
techniques with an explicit time-dependent algorithm. 
The large size of such model" requires the use of an 
element-by-element (EBE) approximate factorization of 
the "tiffness matrix (Hughes et al., 1983). The density 
and elastio structure of the earth is taken from the 
PEM-C radially symmetric model of DziewoDsk1 et al, 
(1975). Previous whole-earth studies have only 
considered linear Maxwellian rheology using a Lapiaoe 
transform method (Dragoni et a1., 1983). In add1tion to 
such a rheology, we have studied a non-Newtonian power 
law rheology for n=3. Such a const1tutive equation 
appears to describe laboratory measurements of mantle 
material (Kirby, 1983), and also is inferred from some 
observations at subduction zones (Helosh 1976). The 
applicabi11ty to the mantle in general, however, 1s 
stUl a matter of debate (e.g., Peltier, 1983). Our 
results enable the prediction of the effect of a large 
plate boundary earthquake on the motion of the pole. 
Given suff1cient accuracy on the observa tions of the 
polar mot10n (e.g., via VLBI), and assuming that the 
atmospheriC part of the exc1tat10n can be calculated 
quite accurately (see Rosen, 1983), such polar motion 
observations could be sens1tive to the rheology of the 
asthenosphere in the v1c1n1ty of the plate boundary. 
Some limits on upper mantle rheologies for various 
thicknesses of the asthenosphere can also be derived. 
Results will be presented for a 90 degree dipping 
strike-Slip and dip-slip faults. 

Excitations of the Earth's 
Rotation II 
Room 21 Thurs PM 
Presider. R. D, Rosen, 
Environmental Research, Inc. 
r.JI2-11 
Some Geophysical Problems ~ to ~ Earth's 
Rotation 



:!Q!!!!!!. ~ (Department of Physics and Cooperative 
Institute for Research 1n Environmental Sciences. 
University of Colorado, Box 449, Boulder, CO 80309) 

Two general topics are discussed. First, we con
sider the effects of the atmosphere and oceans on 
the seasonal variations in the length-of-day. We 
use a combination of monthly atmospheric data and 
meteorological and oceanographic models. We con
sider the effects of winds, atmospheriC pressure, 
wind and pressure induced upwelling in the oceans, 
and ocean currents (although we are not presently 
able to include the effects of the Antarctic 
circum-polar current). Our atmospheric estimates 
differ from earlier estimates by about 10%. The 
effects of atmospheric pressure are about 10% of 
the effects of winds. The effects of oceanic 
upwelling and ocean currents (with the exception of 
the circum-polar current) are negligible. 

Second, we estimate the effects of wobble-induced 
deformation on crustal motion and surface gravity 
measurements. We include the effects of the oce
anic pole tide. We find that peak-to-peak radial 
motion of an individual station is typically 1-2 cm 
oVer a few years, depending on the amplitude of 
polar mation and on the· latitude of the station. 
Horizontal displacements are at least a factor of 
five smaller. The perturbation in a baseline 
depends on the relative locations of the two end
pOints, but 1n extreme cases (eg. Greenbelt - Yara
gadee) baseline lengths can be affected by up to 
3-4 em. Peak-co-peak variations In surface gravity 
can be on the order of 10 microgals over -8 felJ 
years. 

r,l12-'J2 
Accuracies of Recent Observations of the Barth's 

~ 

R. W. rING IPepartment of Farth, Atmospheric, and 
Planetary Sciences, ~a3sachusetts Institute of 
~echnolo~y, r.ambrid~e, MA 02139) 
~. A. KOLACZFK (Space Research Center, Polish Academy 
of ~ciences, 01-237 Warsaw, Poland) 
I. I. ~HAPIRO (Harvard Smithsonian Center for 
AstrophysiCS, ~O Carden Street, Cambrid~e, MA 0213R) 

Lunar laser ran~in~ (LLR), satellite laser ran~in~ 
(SLR), and ver.r-lon~-baseline interferometry (VL~I) are 
recopnized as the techniaues presently producin~ the 
most accurate measures of variations in the earth's 
rotation. We evaluate these three techniaues in li~ht 
of improvements effected in recent months: the 
resumption of lunar ran~in~ at the ~cDonald 
O~serv.tory, improved ~LR data analyses now hein~ 
performed at the University of Texas Center for Space 
Research (CSF), and the addition of 8 third NC~ POLAFIS 
station at Richmond, Florida. For Universal "'ime (U"'1) 
and each component of the pole, we discuss the optimal 
wei~htin~ and smoothin, of the results of each 
techniQue, used alone and in combination. We also 
evaluate the past and present contribution of classical 
astrometric (CA) and satellite Doppler (SD) obser
vations. Finally, we describe the characteristics and 
utility for ~eophysical studies of combined series for 
UT1 and pole position for the period 1Q70-1QR3. 

r,lI2-13 

.A .KalJwl .l.1.lru ..illll1 Smoother .J:w: .tlll:. ~ Rotation 

.n.. ~ UCrnquht 
T. H. Eubanks 
J. A. Steppe (all at Jet Propulsion Laboratory 

California Institute Of Technology 
_800 Oak Grove Drive, Pasadena, CA 91109) 

High frequency nuctuations in UTI complicate the use 
and analysis of very precise UTI data. These high 
frequency fluetua tions are driven by exehanges of 
angular momentum between the solid earth and the 
atmosphere. Heteorologioally derived Atmospheric 
Angular Homentum (UH) data indicate that the UTI power 
spectrum is proportional to the frequency •• -4 at 
periods < 100 days. A stochastic process which has 
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such a power law a t all freq uencies is an Integra ted 
Random Walk (IRW), or doubly integrated white noise. 
Physically, the IRW model assumes that the torques on 
the solid earth can be described as a white noise, and 
that, in the absence of these torques, the rate of 
rotation of the solid earth would be constant. A 
Kalman f11ter based on this model has been developed at 
JPL to allow the Deep Space Network to estimate UTI 
whenever necessary for spacecraft navigation while 
maldng full use of the high accuracy UTI measurements. 
It can be applied either to raw UTI Or UT2 da ta from 
which the predictable UTI nuctuations of tidal origin 
has been subtracted. Since the UTI power spectrum has 
strong peaks at annual and semi-annual periods, if 
there are large data gaps it is best to apply the 
f11 tel' to UT2. However, with modern measurement 
accuracies and typical measurement densities, the 
seasonal variations in the UTI are well above the 
nOise, and, for most purposes, it is not necessary to 
include these explicitly in the un model. We will 
describe the implementation Of this filter and its 
performance under a varie ty of ideal measurement 
strategies. We will also discuss a possible 
improvement, the augmentation of the fUter to also 
acce pt AAM da ta. 

r~12-'Y~ 

Intercpmpartsoo Jl.C Independent Measurements J1!. ~ 
Orien ta tion ..illll1 .llll.t.illli.a 

11....A..~ 
T. H. Eubanks 
J. A. Steppe (all at Jet PropulSion Laboratory 

California Institute of Technology 
4800 Oak Grove Drive 
Pasadena, CA 91109) 

The JPL Time and Earth Motion Precision Observations 
(TEMPO) program observes station clock behnicr and 
earth orientation to support interplanetary navigation 
by the Deep Space Network. The POLARIS project of the 
National Geodetic Survey (NGS) also provides accurate 
estimates of earth orientation. Both TEHPO and POLARIS 
obtain these measurements by Yery Long Baseline 
Interferome try (VlBI). Ve shall present an analysis of 
the &.Ccuracy of these methods by intercom paring the 
available data. None of these data are sillultaneous; 
therefore, a proper intercomparison requires acoounting 
for the scatter introduced by the rapid, unpredictable 
UTI variations driven by exchanges of angular mOmentum 
with the atmosphere. We have derived a statistical 
model of the uneertainty introduced by these variations 
based on meteorologieal e stilla tes Of the atmospheric 
angular momentum. and used this model to construct a 
Kalman smoother for UTI. The root mean square Of the 
difference between raw TEHR> data and smoothed POLARIS 
un estimates is 0.57 .sec for the post-1982 data. The 
observed seatter is eonsistent with the difference 
formal errors, which are the root SUII sq uare Of the 
measurement formal errors and the smoothed data error 
estima teo These formal errors do not depend upon the 
actual scatter of the UTI data. There is no eTidenee 
of an intrinsic lower limit on the accuracy Of UTI 
estimates from VLBI, and we think that it is unlikely 
that any unmodeled random error in these data has a 
~tandard devia tion as large as 0.4 .. sec. 

IRIS Earth Orientation Results 

lI, E. CARTER 
D. S. ROBERTSON (Both at National Geodetic SUrvey, 

Charting and Geodetic Services, National Ocean 
Service, NOAA, Rockville, Md. 20852) 

The Interna tional Radio Interferometric Surveying 
(IRIS) activities to support the HERIT Main Campaign 
comprise 2~ hour geodetic VLBI observing sessions at 5 
day intervals designed to monitor UT1 and polar motion. 
Th~ee observatories in the United States (the POLARIS 
Observatories located in lIestford, Massachusetts, Ft. 
Davis, Texas, and Richmond, Florida) and the Wet tzell 
Observatory, Federal Republic of Germany, routinely 
partiCipate. During the period of the HERIT high 
intensity campaign, April through June 19811, daily 
determinations of UTl using only the Westford-Wettzell 
interferOllleter are being made. Arter pl"OQeSsing through 
either the llaystadc or Max Planck correlator, the delays, 
delay rates, and auxiliary data are distributed to 
several organizations for analySis. The National Geodetic 



Su~vey ~egularly p~ocesses the IRIS data to obtain UTI 
and polar motion time se~ies. The fo~al unc~tainties 
vary depending on the numbe~ of obse~vato~ies and the 
geomet~y of the netwo~k f~om session to "e""ion, but 
typically are about 0.1 to 0.3 milliseconds fer UTI and 
5 to 10 cm for pola~ motion. 

r-tJ2.J1G 

EARTH ROTATION FROM LAGEOS: THE 1984 CSR SYSTEf1 

R. J. Eanes 
University 
78712) 
B. E. Schutz 
B. D. Tapley 

(Center for 
of Texas at 

Space Research, 
Austin, Austin, 

The 
TX 

Earth rotation parameters from Lageos have been 
routinely computed and reported by the Center 
for Space Research (CSR) at The University of 
Texas at Austin since the Short MERIT Campaign 
in 1980. Since 1981, these solutions have been 
a major contri butor to the BIH polar motion sys
tem and have been analyzed by several InvestIga
tors. In early 1984, substantially improved 
analysis techniques and models were adoted by 
CSR for use In the routine ERP solutions as well 
as In studies of station coordinate and baseline 
evolution. These changes have resulted in major 
Improvements in the accuracy of the Lageo; 
results and have significantly Increased t:,e 
flexibility in the choice of the averaging 
interval used for the ERP solutions. This paper 
discusses these new techniques and ERP series 
and compares them with previous techniques and 
other available ERP series. More specifically, 
new Lageos results computed using 5-day, 3-day 
and I-day averaging inervals are Intercompared 
and are used to study the spectrum of variations 
in UTI and polar motion at periods below 50 
days. The long-term stability of the Lageos ERP 
series and its relationship to global plate tec
tonic models, the predictability of the earth 
and ocean's response to long period tIdes, and 
to nontldal quasl-perlodic changes in the geopo-
tential ~re also discussed. 

p~er Polur r·1otion ;·leu~ur~ment~; 

_I2~)n(~ J'roJec~·ERl'l' 

L:;. COLC(l!IT'l'. W.L. S'lEIiI. R •• l. IUIOCRLE 
Naval Surface Weapons Center 

Dahlgren. VA 22""8 

The Naval Surface Weapons Center has been involved 
in the post-processine of the NAVSAT Doppler polar mo
t ion measurements produced by the Defense t-1apping 
Agency. The results of removing polar motion biases 
between satellites will be presented with emphasis on 
Project MERIT. A comparison will be made of these im
proved Doppler polar motion measurements yith polar 
motion results from other techniques. 

The Self-Consistent Dynamic Pole Tide 

S.R. DICK/·Wl (Dept. of Geological Sciences. State 
University of New York, Binghamton. N. Y. 13901) 

It has been known since Newcomb (1892) that the pole 
tide, the oceanic response to the Chandler wobble, 
acts--through its mass redistribution (products of 
inertia)--to lengthen the Chandler wobble period. The 
extent of lengthening, traditionally calculated by 
assuming a static response, is ~ 1 month. 

Such estimates, hO~lever, fail to treat the pole tide 
self-consistently. The tide's effect on wobble 
period. computed according to conservation of angular 
momentum (Liouville equation). is a function of the 
tide height; the latter is found rigorously according 
to conservation of linear momentum (e.g. Laplace tidal 
eqns) and depends on the wobble period. The two must 
be determined jointly or the lengthening estimate will 
be incorrect. 

At the Fall 1983 Meeting I reported on a first inves 
tigation of the self-consistent pole tide. The oceans 
were taken as global. and linearized bottom friction 
of different strengths was considered. In all cases 
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the resulting tide lengthened the wobble period by 
only ~ half the static amount. 

But a non-static tide must be supported by non-zero 
currents. and relative angular momentum associated 
with the currents will also affect the wobble period. 
Self-consistent theory incorporating such effects has 
now been developed. Results to date indicate that the 
angular momentum contribution to wobble period length
ening is surprisingly large: more than three times 
that of the tide's products of inertia. 

Although oceanic non-globality can be expected to 
modify these results. it appears that the self
consistent and dynamic nature of the pole tide is 
crucial to the tide's effect on wobble. 

The Decelerations of the Earth and Moon 

ERNST W. SCHWIDERSKI (Naval Surface Weapons Center. 
Dahlgren. Virginia 22448) 

The paper develops new formulas for the decelera
tions of the earth's rotation and the moon's revolu
tion from the law of conservation of energy alone. 
Starting from a generally accepted earth model with 
real and constant tidal Love numbers and from the 
spherical harmonic expansion of an arbitrary ocean 
tide model, it is found that the ocean tides accele
rate the moon. This stunning ocean-tide independent 
contradiction is attributed to significant short
comings of the postulated earth tide model. For the 
sake of demonstration. it is shown that an earth tide. 
phase lag of about 0.5· together with the NSWC ocean 
tide model (1983) can bring the computed deceleration 
of the moon in complete agreement with the presently 
prevailing empirical satellite estimate. It will be 
argued on physical grounds that such a moderate phase 
lag does not violate the seismically supported low 
estimate of heat diSSipation in the earth which trans
lates into an earth tide phase lag of a few thousandths 
of one degree. The new formulas will be compared with 
earlier equations. the derivation of which will be 
reviewed. 

Geodynamics Program/Crustal 
Dynamics Project Overviews; 
Station Update 
Room 27 Mon AM 
Presider, R,J. Coates, GSFC 
fiDll-IJl 
The NASA Geodynamics Program 

T. L. FISCHETTI (Geodynaaics Branch, Office of Space 
Science and Applications, NASA) 

NASA is cooperating. with 25 countries and four 
other federal agencies in the study of global 
tectonics and earth rotation dynamiCS. These studies 
use data acquired with laser ranging (both satellite 
and lunar) and microwave interferometer systems. 
These syste.a are now achieving precision of a few 
centimeters for baseline measurements of regional, 
continental and intercontinental scales. Plans have 
been developed to evaluate the use of the Global 
Positioning System and other methods for rapid and 
economical measurements at similar scales. Plans 
have also been developed for the generation of 
improved gravity and magnetic field models of the 
earth and for dedicated gravity and magnetic field 
space missions: the Geopotential Research Mission and 
the Magnetic Field Explorer. 

This paper will review the status of the NASA 
Geodynamics Program and present plans for global 
geodynamiC studies extending into the 19908. 

fiDll-fJ2 
The NASA GeodynamiCS Program - An Overview of 
Scientific Progress 

L. S. WALTER (Geodynamics Branch, NASA Headquarters, 
Washington, DC 20546) 



The.objective of the Geodynamics Program is to use 
space technology to improve our understanding of the 
solid Earth. Currently, the greater part of the 
resources of this Program are devoted to the Crustal 
Dynamics Project which is engaged in developing 
techniques for precise position determinations snd in 
using the resultant data for studies of plate motion 
and regional deformation. Now, at about the .. i.d-point 
of the Project'. lifetime, aany epoch measurements 
have been made and measurements of significance to 
tectonic studies are beginning to e~rge. The data 
have also been used to contrain fundamental values of 
the viscosity of the Earth and to atudy the effects 
of the atmosphere on its rate of rotation. 

Past developments of the Program (or its 
progenitor, the Earth and Ocean Physics Applications 
Program) are still yielding valuable scientific 
results. Precise altimetric ~asurements of the 
oceanic geoid by Seasat have yielded spectacular 
iaages of the detailed structure of the ocean floor. 
Structural and tectonic models are being derived 
through interpretation of Magsat data. 

The development of the scientific rationale for 
the future Program is also of some importance. This 
is based primarily on studies of the Geopotential 
Research Mission and the Magnetic Field Explorer 
(Magsat-B) as well as the Geodynamics Workshop all 
of which will be discussed. 

r,nll-,)3 
The NASA Crustal Dynamics Project 

R. J. COATES (NASA Goddard Space Flight Center, 
Greenbelt, HD 20771) 

The NASA Crustal Dynamics Project was started in 
1979 to initiate studies of regional deformation 
related to earthquakes, relative plate tectonic 
motions, internal plate stability, and polar motion 
utilizing measurements with satellite laser ranging 
(SLR) and very-long-baseline interferometry (VLBI) 
systems, developed by NASA for high accuracy geodesy. 
This is a cooperative project with participation of 
several U.S. Government agencies and many foreign 
agencies and institutions. Measurements of global 
plate motion, plate Itability, and polar motion are 
being conducted with an 18 station laser network and a 
7 station VLBI network. Regional deformation in 
western N. America is being measured by occupying many 
sites with two transportable laser ranging systems and 
three mobile VLBI Iysteml working in conjunction with 
the laser and VLBI network Itations. Recent iaprove
.ent. of the aeasurement sYltems have resulted jn 
measurement precisions of about 1 cm and baseline 
determinations with uncertanities as small as a few 
cm. 

GDll-D4 
Crustal Dynamics Project Observing Program: 1983 
Results and Plans for 1984 

H. FREY (Geophysics Branch, Goddard Space Flight Center, 
Greenbelt, HD 20771) 

NASA's Crustal Dynamics Project observations for 
plate motion, plate stability and ·regional deformation 
Itudie. grew substantially in 1983, and significant 
additional growth is planned in all areas for 1984. 
The global laser network grew through addition of new 
sites on Easter Island, on Huahine (near Tahiti) in 
the Pacific in Hauthn, Mexico and in Matera, Italy. 
The Easter island lite was occupied by TLRS-2 for six 
months; the other sites are occupied continuously. 
New VLBI stations became operational at Mojave, CA; 
Richmond. FL; Kashima, Japan and Wettzell, Germa~y. 
The Mojave station is a dedicated VLBI base statlon 
which also supports the California regional deformation 
measurements, as does a base station at Vandenberg 
Air Force Base provided by locating the 9m MY-I systeQ 
there. Mobile VLBI systems occupied 14 sites in both 
northern and louthern California in 1983. Mobile 
SLR systems reoccupied Otay Mt., a site at Yuma, AZ 
and the VLBI base station at OVRO. For 1984, in 
addition to reoccupation of sites visited in 198], 
major new measurement programs are scheduled in Baja 
California and South America for SLR, and in the 
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Basin and Range and Alaska for VLBI. Plate motion 
measurements between Alaska and the rest of North 
America with the Pacific and Eurasian plates will be 
done by VLBI. Easter Island will be reoccupied by 
TLRS, and a new lunar and satellite SLR system will 
double the number of Australian sites in the global 
network. 

GDll...IJ5 
coP Vlel Mecsurement Plans for the Summer of 1984 

r. A, Clark 
(NASA Goddard Space Flight Center, Greenbelt MO 20771) 

During the summer of 1984 the NASA Crustal Dynamics 
Project (COP) VLBI groups wll I conduct a number of 
experl~ents to measure both Interplate motions and 
Intraplate stability as the first phase of a five year 
program. These first epoch measurements wll I Involve 
stations on the North american, Pacific, and European 
plates. North American stations Include stations In 
Alaska, California, Massachusetts, Texas and Canada. 
The activity In Alaska and Canada will Involve the use 
of both fixed "observatories" and two NASA-developed 
moDI Ie YLBI systems. Fixed stations on the Pacific plate 
will be In HawaII, KwaJaleln, and and California. ,Planned 
European sTBtlons are In Sweden and West GermanY;,a 
station In Japan near the convergence of the North 
lmerlcan, Pacl flc and Eurasian plates will also partiCipate. 
The difficulties aSSOCiated with Implementing several 
new VLBI sites and In coordinating such a large 
I nternatlooa I net\lOrk of statloos for QI\ Intense observing 
campaign will be discussed. 

CPS Geode~y in the SQuth Pacific; Nev Zealand and 
AU!'!tral:la 

C. L. Thornton 
B. C, Beckman (both at Jet Propulsion Laboratory, 

Cal1fornia Institute of Technology, 
Pasadena, CA 91109) 

Assum1ng simultaneous cent1meter CPS range and 
est1aates of tbe ultimate accuraoies of tbe system 
oomponents, expected accuracies are generated for a set 
of test baselines in tbe Soutb Pacific. A variety ot 
fidUCial netvorle configurations yield acoaptable 
results, vith optimum results obtained from the tbree
sta Uon De tvork ot Canberra, Japan, and Havaii. 

Questions to be addressed include: 1) tbe effect ot 
removing all oloole errora by tbe uae ot doubly 
ditterenoed range, 2) tbe aensitivity ot baseline 
accuracy to satellite a priori position error, 3) tbe 
minimum data aro length required to obtain centimeter 
baselines. 

GIlllJJ7 
GPS Ceode~y in the Caribbean' Sen31t1y1ty to ChOice 

Or EpoCh 

J. M. llay1d30Q 
B. C. Beckman 
C. L. Thornton (all at Jet Propulsion Laboratory, 

California Inst1tute of Technology, 
Pasadena, CA 91109) 

We bave performed a oovarianoe analyais to investigate 
tbe aensitivity ot baseline accuracy to tbe cboice ot 
epocb tor GPS geodetic experimenta 1n tbe Caribbean. 
Tb1a 1nvestiga t10n vas pertormed tor botb tbe current 
GPS oonatellaUon of tive satel11tea and tbe 
oonstellation ot e1sbteen satellites aa it vill be be 
oont'isured in 1988. t1Ie h7potheUcal GPS netvork used 
consiated ot t1duo1al stationa looated at Mojave, 
California; Westtord, Massacbuaetts; and Quito, Equador 
and mobile stations looated at San Juan, Puerto 11100 and 
Santo Dominso, Dom1D1oan Republic. Four bour area vere 
used, with ainlle-ditterenced ran,e as tbe data type. 
Satellite orbit paruetara were eatimated. Tbe error 
budpt tor both oasea included oontributioDs trom data 
noiae (0.1 ca), wet tropoaphere (1.5 ma at zenitb), and 
fiducial atation looation error (1 oa). Our ooverianoe 



analysis shows that tor the 1988 constellation the 
accuracy at estima ted baseline cOllponents can vary by up 
to 70% depending on the choice at epoch. Further, we 
tind that, to the extent the assulled error budget is 
equally valid tor both cases, there is virtually no 
degradation at accuracy tor baselines in the Caribbean 
tor the current GPS constellation, COli pared to that 
predicted using the 1988 constellation, provided the 
epoch ot observation is properly chosen. 
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National Geodetic Suryey Mobile YLBI Operations 

G. L. HADER (National Geodetic Survey, Charting 
and Geodetic Services, National Ocean Service, 
NOAA, Rockville, Md. 20652) 

The National Geodetio Survey, in accordance with an 
interagency agreement between the National Oceanic and 
Ataospheric Adllinistration (NOAA) and the National 
Aeronautics and Space Adainistration (NASA), has begun 
llObUe Very Long BaseUfII Interterometry (VLBI) operations 
using HV-3, a 5-meter highly .obUe VLBI systea, and 
HBS, the Mojave Base Station located at the Goldstone 
Deep Space Network. Two other aobile VLBI systems, 11'1-1 
and HV-2, continue to be operated by the Jet Propulsion 
Laboratory untU the tranater to NOAA ia collpleted. 
The JIGS is collecting JIBI data in CaUtornia and the 
western United States in support at the Crustal Dynamics 
Project, and processing these data at its tacility in 
Rockville, Maryland. In addition, NOS will soon begin 
the collpletion at the National Crustal Hotion Network, 
with 15 new sites distributed across the continental 
United States. Results at this work and plans tor tuture 
observations will be discussed. 

GD11-'J3 
Ihe Crustal Dynamics Prolect Moloye VIRI Stotlon 

I. A. Clark 
(NASA Goddard Space Flight Center, Greenbelt Me 20771) 
C. G. Kosclelskl 
(Jet Propulsion Laboratory, Barstow CA 92311) 
B. E. Corey 
(Haystack Observatory, Westford MA 06111) 
N. R. Vandenberg 
(Interferometrlcs Inc., Vienna VA 22180) 

In June 1983, the NASA Crustal Dynamics Project (COP) 
completed the new Mojave Base Station (MBS) located In 
the Goldstone Space Station complex near Barstow, CA. 
Ihls facility was constructed to provide a permanent, 
dedicated VLBI statl,on to support the COP's geodetic 
measurement programs. MaS was built around an existing 
X-Y mount 12m dish antenna previously used by NASA as 
an AIS satellite ground station. Ihe antenna and physical 
facility were well suited for VLBI usage. I n order to 
achieve aaequate VLBI performance with the COP's 4m and 
5m mobile VLBI systems, a new receiver system employing 
cryogenically-cooled GaAsFEI low-noise amplifiers and 
an Improved dual SIX-band feed was designed; copies of 
this receiver are under construction to Improve the 
performance ot a number of other VLBI stations. New 
software was designed for automatic antenna and station 
operations. Ihe rest of the hardware for the station 
Includes the COP-deslgned Mark-3 data acquisition terminal 
and NR-serles hydrogen maser. Initial operations of MBS 
have been very successful; for example, the first 8 
measurements of the 245km MBS-OVRO baseline show 8mm 
RMS repeatability. Operational responsibility for MBS 
Is In the process of being transferred to the National 
Geodetic Survey (NGS) In accordance with long- standing 
NASA/NGS agreements. 

11)11-10 
Wettzell: a new station for geodynamic VLBI 

measurements has become Operational 

R. KILGER (Satellitenbeobachtungsstation 
Wettzell,D-8493 Kotzting, FRG) 

J. CAMPBELL, H. SCHUH (Geodetic Institute, 
Bonn University,D-5300 Bonn, FRG) 
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Since the first successful test experiment 
on the 920km baseline Wettzell-Onsala in Ju
ly 83 a rapidly increasing number of obser
vations is being routinely performed with the 
new 20m-antenna of the Satellite Observation 
Station Wettzell in the Federal Republic of 
Germany. The compact fast-slewing telescope 
is operating at the NASA SIX-bands with a 
dual frequency feed in a cassegrain configu
ration. The presently installed uncooled par
amp (tsys at zenith 180k at Sand 190k at X) 
will be replaced by a cooled system at the 
end of 84. Maximum geodetic precision is gua
ranteed using the MkIII data acquisition sys
tem in conjunction with a hydrogen maser con
trolled frequency and timing system. 

The performance of the new Swiss-made EFOS-
1 maser has proved to be fully satisfactory 
(better than 1.10-14). The results of some of 
the first experiments are described, showing 
e.g. a cm reproduceability on the Wettzell
Onsala baseline. 

Since January 84 Wettzell is producing data 
in the POLARIS/IRIS one-day-in-five schedule 
of the MERIT Main Campaign. As a major exten
sion of the POLARIS Earth rotation interfero
meter and as a dedicated partner in the 
Crustal Dynamics Project Wettzell i's now hea
vily committed to geodynamic work. 

(1)11-11 
VLBI for Geodynamics involving the Ilartebeesthoek 
Radio Astronomy Observatory in South Africa 

A. Nothnagel, G.D. Nicolson (HartRAO POBox 3718 
Johannesburg 2000, South Africa) 
J. Campbell, H. Schuh (Geodetic Institute Bonn, 
Nussallee 17, 5300 Bonn I, FRG) 
A. Rius (INTA/NASA Orense 4, Madrid - 20, Spain 
(Sponsor L.S. Walter) 

The high geodetic and geophysical interest of base
line determinations between Southern Africa and ad
jacent continents has prompted efforts at the HartRAO 
to intensify its geodetic VLBI activities. 

In order to explore the exiting geometric poten
tials of the long N-S baselines connecting Europe 
and South Africa, two first experiments using the 
HK II BWS technique have been carried out at S-band 
(2.3 GHz) between the HartRAO and the NASA DSS 61 and 
DSS 63 antennas near Madrid. The baseline results 
which show decimeter accuracy are discussed in re
lation to the further accuracy improvements needed 
for crustal motion detection. A Hydrogen Maser fre
quency standard has been ordered and possible designs 
for a combined six receiver capability are studied. 
Funding schemes for acquiring a HK III terminal are 
investigated. 

GDl1-12 
The McDonald Observatory Laser Ranging Station 

PETER J. SHELUS (Department of Astrono~ and McDonald 
Observatory, University of Texas at Austin, Austin, 
Texas 78712) 

The McDonald Laser Ranging Station (MLRS) is a dual 
purpose tacility designed to provide artiticial 
satellite ranging capability at the Observatory site 
near Fort Davis, Texas Nld to replace the lunar 
instrumentation which has made use of the 2.7-meter 
telescope since 1969. Although scheduled to begin 
routine operations earlY in calendar year 1982, the 
tirst LAGEOS observations trom MLRS were not obtained 
until the late summer ot that year. Since that 
time a continuous series ot such observations have 
been carried out while the attempts to establish 
lunar capability continued. These latter efforts were 
tinallY rewarded in August 1983 with the first 
confirmed returns from the Apollo 15 retroreflector 
array. We shall herein highlight the critical 
construction highlights tor MLRS, discuss the main 
problems encountered with the attempts to establish 
routine LAGEOS and lunar capability, review the 
observations so far obtained, and assess the tuture 
expectations for this station's operations. 



fiDll-13 
The First U.S.-Japan VLBI Test Ohservation 

Noriyuki Kawaguchi (Radio Research Laboratory (RRL), 
Kashima, Japan and the RRL/NASA Joint Experiment 
Croup) (Sponsor: L. Walter) 

A precision very long baseline interfcro~etcr, 
the K-3 system, has been und~r development sInce 1979 
in accordance with the five-year plan of the Radio 
Research Laboratories. It is designed to be compa
tible with the Hark-III system of NASA for usc in 8 

U.S.-Japan joint Pacific Plate motion experiment. The 
K-3 system, consisting of hardwar~ and software, was 
almost completed at the end of September, 1983, and 
various tests have been made as the final phase. 

The purpose of the test observation is to detect 
fringes to check over-all system performance of the K-3 
aystem and compatibility with the Mark-III in prepara
tion for initiation of plate tectonic studies this 
summer. The observation was made for about two and a 
half hours froll 20 H 00 M to 22 H 34 N UTC on Nov. 4, 
1983, by three station: Kashima, Mojave Base Station 
and Owens Valley Radio Observatory. Signals from three 
radio sources, 3C273B, 3C345 and 4C39.25, were alter
nately received slx times throughout the tioe of 
observation; sampled digital data froo S video signals 
for X-Band and those from six video signals for S-Band 
were recorded on 14 ,tracks of the tape. 

Data processing was ~~de by K-3 correlation 
processor at the RRL and also by Mark-Ill correlation 
proct!:ssor at Haystack Observatory, independently, and 
both detected fringes. The result shows that tilea~ure
lIent preCision or the inte.rnal crear in the test 1s 
better that 20 cm for X, Y and Z components for 
distance, and better thall 1 nana-sec for clock 
synchronization. 

Thus, it is confirmed that the K-3 has e<pected 
performance and good compatibility with the Nark-Ill 
system. In succession to the first test, we ~ade 
lD.or~ precise experiments of 24-hour obser\'ation using 
13 radio sources 1:1 Ja~u~ry and februRry 198~. 
Analysis for the deter~ln~tio" of sooe paraceters Is 
now being made. 

Continental Tectonics and 
Crustal Deformation I 
Room 27 Mon PM 
Presidcr, L.S. Walter, NASA 

GD12.J')l 
FAllLTIrlG IlETF.ROGElIEITY IN INTERPLATE SIlEAR: TIlE 
TRANSVERSE RANGES, CALIFORlIIA, AS AN EXAMPLE 

Erik R. Ivins 
G.A. Lyzenga (both at Jet Propulsion Laboratory, 
California Institute of Technology, Pasadena, CA 
91109) 

Faults within the Transverse Ranges of, southern 
California are contradirectional (E-Il) with respect 
to the surrounding northwesterly strike-slip San 
Andreas system. Quaternary deformation rates and 
seismicity within the Ranges are significant. 
Strike-slip and thrusting motions characterize 
earthquakes within this region. Thrusting by far 
dominates and north-south compression is apparently 
enhanced over east-west extension. 

':, A simple analytical model is used to quantify the 
geometrical influence of the structural 
contradirectionality upon regional stress in 
southern California. The theoretical description 
relies upon idealizing two fault sets as having 
perfect directionality. Hence, the anisotropy of 
cracked and/or of laminated plates is applicable. 
A parameter study reveals that the Transverse 
Ranges . act as a substantial obstruction to 
northwesterly interplate stress channeling. The 
model predicts that the recoverable strain energy 
is increased regionally abov.. th ..... bi .. nt l .. vel by 
factors of as much as 2 to 3. The .odel is capable 
of matching the enhanced north-south compression 
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estimated from earthquake focal mechanisms. The 
Ranges, 1n effect, act as a stress concentration 
embedded within the brittle elastic portion of the 
sheared lithosphere which exists between the North 
American and Pacific plates. The mechanical 
influence which the crosscutting structure of the 
Ranges induces locally may be competitive with, or 
perhaps dominate over, that of the Big Bend feature 
along the San Andreas fault. 

m12-'l2 
The Role of Asperities and Barriers in the Propagation 
of Rupture as Predicted by the Renormalization Croup 
Approach 

R. F. SMALLEY, JR. and D. L. TURCOTTE (Dept. Geol. 
Sci., Cornell Univ., Ithaca, NY 14853) 

S. A. SOLLA (Lab. of Atomic and Solid State Phys., 
Cornell Univ., Ithaca, NY 14853) 

It is clear that most faults ruptures occur on 
preexisting zones of weakness. One approach to 
faulting is to apply a coeffici .. nt of friction. 
However, friction implies a .ingle scal .. of roughness 
or asperities. An actual fault contains a continuum 
distribution of asperities and barriers (we regard 
these to be indistinguishable) on all scales. We 
believe that a statistical distribution of asperities 
and barriers is an essential feature of fault behavior' 
and leads to the observed fr .. quency - aagnitude 
relation. We model a fault as a linear or 
two-dimensional array of asperities with a statistical 
distribution of strengths. We apply the 
renormalization group approach to this problem 
including the transfer of stre.s from a failed 
asperity to an adjacent asperity. For a singl .. peaked 
strength distribution we obtain th .. standard s-curve 
with a single unstable Singular point corresponding to 
the catastrophic failure of the fault. However, with 
a double peaked strength distribution a double s-curve 
is obtained. Three singularities, two unstable and 
one stable, are found. The atable singularity 
corresponds to the blocking of rupture progation. The 
relativ~ magnitudes of the two peaka give the length 
~f rupture (magnitude). 

11D12-'l3 
Modeling Deformation on Complex. Transform
Faulted Plate Boundariel 

John B. Rundle, (C .. ophy.ies Divi.ion 1541, 
Sandia National Laboratori ... , 
Albuquerque, N .. w H .. xieo 87185) 

Modeling crultal notionl in aouthern 
California obtained by VLaI, SERIES, and 
othei space geod .. tic t .. cbniqu .. s requirea a 
mod .. l in whiCh aeveral important phy"ical 
processes are includ .. d. Since defor.ation 
on a time .cal .. of yearl can be readily 
ob.erved, both far-field plate motion and 
asth .. no.ph .. ric stre.s relaxation .u.t be 
included. In addition, slip and It~ell 
het .. rogeneity mu.t be allowed on tb .. fault 
~lane, as well a. a variable slip hi.tory. 
'These .. l .. m .. nt. have been incorporat .. d into 
a code to calculate horizontal surface 
deformation due to recurrent faulting on a 
v .. rtical transform plate boundary. The 
individual fault segments ean have any 
orientation, and each i. liven it. ova .lip 
hiltory. 

Using this tecbnique, a number of 
interelting li.iting ca'el bave been 
examined. HOlt eales ,involv .. a fault wbos .. 
slip i. uniform with deptb, ending abruptly 
against adjae .. nt lecnentl wbich .ay b .. 
eitber co.pl .. tely loeked, fr .... ly slipping, 
or only partially slipping. The latter 
eale involvel a fault seg ... nt which i. 
allowed to slip at a deptb-averag .. d rate 
less than the far-field plate velocity, 
tberefore, DOt "k .. eping up" with the 
far-field plate motion. Th .. central fault 
bal a periodic slip history at diserete 



intervals, which when averaged over time, 
add. up to the far-field plate motion. 

Surface deformation. for the.e model. 
viII be discussed and compared to variDus 
areas in southern California. including 
Parkfield ~nd Cajon Pas.. Both limple and 
complicated fault geometris viII be 
considered. and applications to data 
collected by space-geodetic techniques viII 
be discussed. 
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Viscoelastic Models of Crustal Deformation 

Steven C. Cohen (Geodynamics Branch, Labortory for 
Earth SCIences, Goddard Space Flight Center, 
Greenbelt, HD 20771 

In the past few years various viscoelastic models of 
the earthquake cycle and the attendant crustal deforma
tions have been published. These models have sometimes 
differed in their predictions of the temporal and 
spatial patterns of surface movements. Using finite 
element modeling I have sought to understand the origin 
of some of these differences in order to distinguish 
between physical effects and mathematical artifacts. 
The models involve strike-sllp faulting and include a 
thin channel asthenosphere model, a model with a varying 
thickness lithosphere, and a model with a viscoelastic 
inclusion below the brittle sl1p plane. The calcula
tions reveal that the surface deformation pattern is 
most sensitive to the rheology of the material that 
lles below the sl1p plane in a volume whose extent is 
a few times the fault depth. If this material is 
viscoelastic, the surface deformation pattern resembles 
that of an elastic layer lying over a viscoelastic 
half-space. However, when the thickness or breadth of 
the viscoelastic material is comparable in size to 
the fault depth then the surface deformation pattern 
is altered and geodetic measurements are useful for 
studyi ng subsurface geometry and structure. Although 
the largest crustal deformations occur in the vicinity 
of the fault, model differences are most detectable 
at intermediate distances (101 - 102 km) away from 
the fault. These differences are most pronounced 
shortly after an earthquake when the viscoelastic 
mechanisms generate signals much larger than those due 
to elastic mechanisms acting alone. 

GD12...lJ5 
Postseismic viscoelastic relaxation associated with the 

1940 ImperIal Val.ley earthquake 

Jeanne Sauber (Dept. of Earth, Atmospheric, and 
~etary Sciences, M.I.T., Cambridge, HA 02139) 
Robert Reilinger 
M. Nafi Toksoz 

We examine the contribution of viscoelastic relaxation 
to postseismic deformation following the 1940 Imperial 
Valley earthquake. The data used in this study consist 
of vertical displacements from geodetic leveling and 
horizontal strains determined from repeated triangula
tion measurements. The geodetic observations include 
the 1940 coseismic deformation and span the full Inter
seismic period between the 1940 and 1979 Imperial Valley 
earthquakes. The time-dependent changes in surface 
displacements were determined using a 3-dlmensional 
finite element code with a heterogeneous, viscoelastic 
(Maxwell) earth model. Initial models consider purely 
horizontal coseismic offsets on the Imperial fault that 
are consistent with coseismic geodetic observations and 
observed surface offsets measured shortly after the 1940' 
earthquake. To isolate the effects of viscoelastic 
relaxation, strain accumulation due to the relative 
motion of the lithospheric plates and possible episodic 
fault creep were not Included in the models. Predicted 
vertical displacements due to purely viscoelastic 
relaxation during the postselsmlc period have similar 
magnitudes (- 5 cm) and wavelengths (- 50 km) to those 
observed, although significant differences exist In the 
spatial patterns of deformation. Calculated horizontal 
displacements show values that are in the same sense as 
coseismic displacements but are smaller in magnitude. 
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Discrepancies between the theoretical and observed 
deformation are being investigated by considering 
changes in viscosity structure, coseismic fault slip, 
and by Including contributions from other postseismlc 
mechanisms such as fault creep. 

GD12-1J6 
Geodynamics of the Anatolian Plate in Eastern Turkey 

M.R. HEMPTON (Geology Department, Carleton College, 
Nor~hfip.ld, MN 55057) 

Evidence from seismicity, structural mapping, LAND
SAT images, and regional tectonics shows that the 
'Anatolian Plate' (AP) is moving west along the right
lateral North Anatolian Fault (NAF) and the left-lat
eral East Anatolian Fault (EAF) as a result of contin
ental convergence between the Arabian and Eurasian 
plates. However, the geometry and kinematics of the 
westward escape of Anatolia are poorly understood. 
The AP does not behave as a single rigid plate but 
deforms internally along numerous active faults. The 
densest concentrations of faults are near the EAr and 
NAF zones. The predominant strike of faults is NE-SW 
parallel to the EAF. North of latitude 390 20' the 
fault pattern is dominated by long curving faults con
cave to the south which merge with the AAF to the east. 
Prominent lineaments outside the AP and complex fault 
relationships at the junction of the NAF and EAF sug
gest that the AP was originally larger and is contract
ing because of continued constriction. Faults in "the 
eastern end of the AP exhibit greater displacements 
and have accommodated more strain than faults farther 
west. Strain migrates west. Seismic records suggest 
that most strain is accommodated episodically by dis
placemnt along the NAF and then the EAF: from 100 - 600 
A.D. the NAF was active and the EAF quiet, from 600 -
1100the EAF was active, and from 1100 - present the 
NAF has been active. These time-space features demon
strate that the geodynamics of continental escape as 
manifested by the AP is more complicated than general
ly proposed. 

GD12-lJ7 
IberIan Plate KInematIcs: Jumping Plate BoundarIes, 
An AlternatIve to Ball-BearIng Plate Tectonics 

HANS SCHOUTEN (Hoods Hole OceanographIc InstitutIon, 
Hoods Hole, Hass. 02543) 

S.P. SRIVASTAVA (AtlantiC Geoscience Centre, 
GeologIcal Survey of Canada, Bedford InstItute of 
Oceanography, Dartmouth, Nova Scotia, Canada) 

KIH D. KLITGORD (U.S.G.S., Hoods Hole, Mass. 02543) 

Independent plate tectonIc reconstructions relative 
to North AmerIca of the EurasIan. African. and Iberian 
plates, suggest a promisIng alternative to the model 
of an Iberian mIcroplate caught lIke a ball bearing In 
the relatIve motIon bet~een EurasIa and AfrIca. In 
thIs alternatIve model, the IberIan plate vas either 
part of the Eurasian plate or part of the African 
plate and the boundary betveen these two plates jumped 
successIvely to dIscrete locations. It Is suggested 
that Since Early Cretaceous Iberia may have been part 
of the AfrIcan plate untIl OlIgocene or Early Miocene 
~hen the plate boundary between EurasIa and Africa 
jumped to Its present Azores-GIbraltar locatIon. 

SYnoptic Tectonics Alonq the Altyn Taqh Fault Zone 

J.R. Pr-eisig and F.T. IoAJ (CSNH, SUNY, Binghamton, 
N ..... , 13901) 

A. Gillespie(JPL, Calif. Inst. of Tech, Pasadena, 
CA, 91103) 

The Altyn Tagh fault zone in westem China, bet~n 
the Tibetan Plateau and the Tar-Un Basin has a total 
length of 1700 Ian and is geanorphically proninent and 
seismically active. UNOOAT images on magnetic tapes 
for ar-eas around the structure have been collected 
processed and optinun false color- images made. They 
am used in this wor-k to study the m:xJe of crustal 
defonnation around a major fault. 



Major lithologic <Jnits are identified on the 
1:750,000 images based on the 1:4,000,000 geologic 
map of China. 'I1le fault zone can be seen as a 
.oamplex struct<Jre, often with several parallel or 
sub-parallel branches at a few to a few tens of 
kilaneters apart. Sections of the main ~a<Jlt zone 
are curved sharply such that either a high mountain 
or a basin is formed. Blocks in the area that are 
s<Jrro~nded by faults exhibit rotations. East of 800 E 
strike-slip motion dominates; west of this loojitude 
thrust motion dominates. 'I1le conpressional stress in 
the west probably also causes thrust faulting in the 
middle of the western part of the Tarim Basin; this 
fault is also clearly seen on LANDSAT images. 
~ also conclude: 
(1) Based on offsets of Paleozoic strata, the 

horizontal displacement-in the eastern part of the 
fault is estimated to be 200-300 km. 

(2) 'I1le curved parts of the fault may form major 
asperities along the fault; they may control the 
location of major earthquakes. The two M>7 
earthquakes near S30 E and 360 20'N in 1924 were 
probably related to a prominent curvature there. 

The Fracture Fahric of the Southeast USA 

". Bevis and L. Gilbert (KEAS, NC State 
University, RaleiRh, NC 27695-8208) 

The continental crust of the southeaat 
USA i. pervaded by deep-seated fractures 
and faults organized into a conjugate 
network vhose directional distribution 
peaks in the intervals NE-NNE and NW-WNW. 
At several locale. within the continental 
platform it i8 established that this 
fabric was emplaced in Preca.brian time. 
Kajar (NE-trending) and tranaverse 
(NW-trending) atructures of the S. 
Appalachians are Kenetically related to 
the regional fabric. The fabric vaa 
reactivated during the KeaoEOic rifting 
event. It is augKeated that the fabric 
controlled the geoaetry of the rifted 
continental .argin, hence the orientation 
of the apreading and tranafor. aegaents of 
the eabryonic Kid-Atlantic Ridge. Kodern 
fracture zones trend about NW as they 
intersect the margin of the aoutheast US 
continental .arRin. It is suggested that 
the regional fabric also controlled late 
Precambrian and Early Phanerozoic rifting 
and in this manner influenced the geometry 
and fabric of the S. Appalachians. 

m12-1~ 
Vertical Tectonics in the South Carolina Coastal Plain 

C. K. POLEY 
P. TALWANI (both at University of South Carolina, 

Dept. of Geology. Columbia. S.C. 29208) 

A prel1m1nary study in the vicinity of Charleston, 
S.C. shows evidence of vertical movement in the area 
of the Ashley River fault (ARF). ARF is a shallow, NW 
trending fault that has been defined by seismic, po
tential field, stratigraphic correlations in shallow 
boreholes and geomorphic data. The sense of motion 
inferred from fault plane solutions and geomorphic 
data suggest that the SW side of ARF has been under
going uplift at least aince the last 100,000 years, 
whereas the stratigraphic data suggest that the SW 
aide vas dowuthrown in Tertiary times. 

To independently determine the sense of movement, 
we examined first order releveling data for the S.C. 
Coastal Plain. In order to check the accuracy of 
the leveling data, loop closure analyses were per
formed for all first order leveling lines. K1sclosure 
along the 1960 survey loop connecting Columbia, 
Charleston, Yemassee and Fairfax is 3.56 em over a 
distance of 670 km for the 1960's data, which is well 
within the allowable misclosure for first order 
leveling of 12.93 em. This suggests that the data are 
free of systematic errors. 

Using the 1960 survey as reference, the m1sclosure 
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was recalculated using certain segments of the loop 
releveled in 1974 and 1979 together with 1960 data 
for the remaining segments. The recalculated mis
closures were found to be larger and were isolated in 
certain segments of the loop, suggesting localized 
crustal movements since the 1960's. The dsta for the 
years 1960 and 1974/79 show relative anomalous uplift 
of 2-3 mm/yr on the SW side of ARF in the block 
roughly located between the Edisto and Ashley rivers. 
This is in agreement with seismic and geomorphic data 
but in opposition to the stratigraphic data. 

GD12-11 
Deformation of Orinoco Delta mud diapirs in the South 
Caribbean strike-Slip plate boundary zone. 

K. BURKE, J. CASEY and P. ROBERTSON (all at Dept. of 
GeOSCIences, Univ. of Houston, University Park, Burke 
also at LPI, NASA Road One, Houston, TX 7705B 

Elliptical mud diapirs in Orinoco deltaic sedi
ments off the coast of Trindidad lie within a broad 
zone of deformation straddling the east-west El-Pilar 
fault and may provide a measure of the strike-slip dis
placement taken up in the last 6 Ma by internal strain 
within a 180 km wide Southern Caribbean Strike-slip 
Plate Boundary Zone (SCSSPBZ). Assuming that the dia
pirs were roughly circular in plan at intrusion 6 Ma 
ago their present elliptical shapes may be used as 
strain markers. On the scale of the diapirs, the de
formation is roughly homogeneous. Modelling of the 
deformation as a progressive simple shear across a zone 
whose half width is assumed to be the distance between 
the El-Pilar fault and the southern limit of the de
formed diapirs, we calculated that on average ~ 100 km 
of displacement can be attributed to distortions in 
this zone. If this deformation is symmetrical about 
the El-Pilar close to 200 km of CARIB wrt SOAM strike
slip motion may have been taken up by internal deforma
tion in the last 6 Ma. Using an average easterly mo
tion of 50 km/Ma for CARIB wrt SOAM (Pindell and Dewey, 
1982). the Antillean trench line would have been 300 km 
west of its present position at 6 Ma. If ZOO km of 
this displacement can be accounted for by internal 
strain within the SCSSPBZ, only 100 km of displacement 
has occurred along faults within the zone. Models 
which do not consider internal strains require larger 
offsets on faults within the SCSSPBZ. 
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Q)21-o1 
Baseline Determination from Simultaneous Lageos Ranging 

IVAN I. MUELLER (Geodetic Science and Surveying. Ohio 
State University. Columbus. Ohio 43210-1247) 

KOUSTAFA BARAKA. GEORGE C. DEDES 

The advantage of determining baseline lengths from 
ranging from the terminal stations to mutually visible 
Lageos passes has been discussed several times in the 
past. The key gains from such a procedure are the re
duction of biases originating in the orbit. the observa
tions and in the reference frame. The paper presents 
the latest OSU results in these connections, based 
partially on simulations and also on analyzing real 
Lageos simultaneous passes. 



GfrJ-'l2 
ANALYSIS 0. EIGHT YEARS 0. LAGEOS RANGE DATA 

B. E. Schutz (Center for Space Research, The 
University of Texas at Austin, Austin, TX 78712) 
B. E. Tapley 
R. J. Eanes 

Nearly eight years of Lageos laser range data 
have been analyzed by fitting a single, continu
ous ephemeris to the data •. A recent ephemeris, 
LLA 8403, has fit the data to an RHS of approxi
mately one meter. The improvement in the qual
ity of the laser range observations is clearly 
evident from this ephemeris and suggests the 
existence of data problems early in the Lageos 
mission. The solve-for parameters in LLA 8403 
included the Lageos position and veloCity at the 
Hay 7, 1976, epoch, a constant "drag" parameter, 
periodiC terms in the along-track direction, 
selected tide parameters, radiation pressure 
parameters, and geopotential coefficients. The 
adopted model is nearly consistent with the 
HERIT standards; however, some model enhance
ments have been adopted, including earth radia
tion pressure. The laser range residuals have 
been further analyzed through their resolution 
into orbit element residuals. Geophysical 
interpretations of the orbit element residuals 
and tide parameter adjustments are discussed, 
and the techniques used in the analysis of the 
range residuals is reviewed. 

GD21-o3 
STATION POSITIONS AND BASELINES .ROH LAGEOS 
LASER RANGING: 1976-1984 

B. D. Tapley (Center for Space Research, The 
University of Texas at Austin, Austin, TX 
78712) 
B. E. Schutz 
R. J. Eanes 

Lageos laser range measurements from Hay 1976 
through 'ebruary 1984 have been used to compute 
a new global solution for the' geocentric poSi
tions or 60 sites occupied during this interval. 
The station poSition determinations were part of 
a simultaneous solution for Lageos orbit ele
ments in 15-day arcs and earth rotation parame
ters in 3-day sub-arcs using residuals from a 
7.8-year long arc (LLA 8403). Systematic 
differences between the terrestrial reference 
frames implied by the new solution and by previ
ous solutions computed at the University of 
Texas and at Goddard Space 'light Center are 
reviewed. The 70-90 cm difference in the z-axis 
bias between the GS'C solution and the previous 
UT solution (LSC 8112) is resolved in the new 
solution, and the factors which contribute to 
this change are discussed. The geocentricity of 
the new solution (LSC 8403) and the GSFC solu
tion is now consistent to better than 5 cm in 
all coordinates, and coordinate differences 
after removing orientation and scale differences 
have an RHS of about 8 cm. The RHS difference 
in baseline length for 20 station pairs used in 
the recent Crustal Dynamics Project VLBI/SLR 
intercomparison experiment is 4 cm between the 
GSFC and UT laser solutions and 6 cm between 
either laser solution and VLBI. Baseline and 
station coordinate changes have been investi
gated by repeated determinations using subsets 
of the 7.8-year interval and by solution for 
parameters of a global plate tectonic model. 
The encouraging preliminary results of these 
experiments are discussed, and future plans for 
improvements are described. 

in Data Qualit from Mobile Laser 
tatlons 

D.R. Edge 
J.M. Heinick (Bendix Field Engineering Corpoation, Data 

Services Group, Greenbelt, HD 207711 
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R. Kolenkiewicz (Geodynamics Branch, Goddard Space 
Flight Center, Greenbelt, MO 20771) 

Since 1981 NASA's Crustal Dynamics Project has been 
upgrading thier mobile satellite laser traCking sytsems 
(MOBLAS) to improve performance. The major hardware 
modifications include the installation of a short pulse 
high energy Quantel laser, operating at 5 hertz, with a 
supporting time interval unit (TIU) and a quad integra
tor receive energy measurement device. Calibration 
stability and preciSion as well as satellite data 
precision have been improved by these changes based on 
recent results from MORLAS stations located in the 
U.S. and in Australia. The calibration preciSion has 
improved by a factor of five and rms values for Lageos 
passes have dropped from a previ ous range of 10 to 16 
cm to a current range of 2 to 4 cm. These improvements 
in preciSion have led to the potential of identifying 
and correcting systematic effects at the subcenti
meter level. Operational calibration and data proces
Sing procedures are being modified to support the 
improved level of laser data quality. 

Currently HOBLAS stations 4, 5, 7 and 8 have been 
mOdified and are supporting operations. MOBLAS 3, 
M08LAS 6, TLRS I, and HOLLAS are scheduled to be 
similarly modified during 1984. 

Full deployment of these stations will significantly 
improve the accuracy of the global lase~ data set which 
will lead to the more accurate determination of 
geophysical parameters. 

'iD2l-f)5 
SERIES-X Test Results 

R. 8. CROW, F. R. DLETZACKER, R. J. NAJARIAN, 
G. H. PURCELL, JR., J. I. STATMAN, J. 8. THOMAS, 
(Jet PropUlsion Laboratory, Pasadena, 
California 91109) 

(Sponsor: D. J. SOVERS) 

The purpose of the SERIES-X Project is to 
demonstrate the feasibility of a navigation scheme 
conceived at JPL for the TOPEX satellite. Basically 
this scheme involves a GPS receiver on the satellite, 
along with a GPS receiver on the satellite, along with 
a network of receivers at widely separated ground 
stations. The receiver system uses an omnidirectional 
antenna and recover. the pha.e. of the Ll and LZ 
carriers, as well a. the P-code and CIA modulation, 
simultaneously for all vi.ible .atellites without 
using the code. Although the ay.tem was designed for 
satellite navigation, it i. equally applicable to 
geodetic measurement •. 

We have built two complete, portable receiver 
systems and completed a aeries of diagnostic tests on 
baselines ranging in length from IS meters to 171 
kilometers. In the course of these tests we have 
developed and refined .ean. of calibrating or 
otherwise minimizing the principal sources of 
measurement error, including ayate. noise, receiver 
characteristics, multipath, ionospheric and 
tropospheric delays. and .atellite ephemerides. The 
day-to-day repeatability of the measured vector 
baselines ranges from Z 11m on a IS-meter baseline to 
about SO mm on a l71-km baseline, and the results 
agree well with measurement. by other means. 

Cost Comparison of Several Techniques for Measuring 
Crustal Hotlon 

E. ELLER (ORI, Inc., 1400 Spring Street, Silver 
Spring, MO 20910) 

N.G. ROMAN (ORI, Inc.) 
A.H. WELLEN (ORI, Inc.) 

Comparisons of four technologies have been made 
based upon scenarios provided by NASA geodynamfcs 
experts. These scenarios fnclude global measurements 
of interplate motion and plate stabflity and regional 
deformation measurements in 29 regions. The 
technologfes investigated Ire Very Long Baseline 
Interferometry (VLBI), interferometry based on the 
Global Posftionfng System trans~issfons (GPS), 
Satellite Laser Ranging (SLR), and measurement of 
ground based comer cubes fro~ a space borne laser 



(SLRS). Only VLBI and SLR were compared for the 
global aeasurements because the long baseline 
involved make GPS and SLRS Impractical. The prima~ 
candidates for regional measurements are GPS ranging 
and SLRS. 

For the global case, individual sites were 
Identified along with the required number of 
measurements at each. Alternative logistical 
approaches were considered. The regional case 
assumes that all sites within a region have similar 
characteristics, the primary distinction among 
regions being the travel time between sites and the 
frequency of measurement. 

Key assumptions and results for various 
circumstances and approaches will be presented along 
with some prellmina~ conclusions. 

GD21-,)7 
Geodesy by Radio Interferometry; Baseline 
Length Evolution in North America and 
between North America and Europe 

J. Ryan (NASA/Goddard Space Flight Center, 
Greenbelt, MD, 20771) for the 
Goddard/Haystack/CfA/OnsalajU. Bonn VLBI Group 

A. Ma!lama (Science Applications and Research, 
Riverdale, MD, 20737) 

Since 1976 our group together with the National 
Geodetic survey and the Jet propulsion Laboratory 
bas carried out over 200 VLBI observing sessions 
measuring megameter baselines. The dual-frequency 
Mark III VLBI system developed by our group 
was used in all but 14 ~f these sessions and 
in each session up to fifteen baselines were 
measured with preCisions of 1 to 4 cm. The 
baseline from westford, MA to OWens valley, CA 
was measured 46 times and we detected no motion 
within a three-sigma error of 0.5 cm/year. 
Tne baseline from westford to Fort Davis, TX 
was measured more than 160 times and produced 
the same null result. The baseline between 
westford and Onsala, Sweden was measured 49 
times in Slightly more than three years. A 
baseline change ot +1.3 cm/year was detected 
with a three-sigma error of 1.0 cm/year. However, 

,we do not claim to have positively detected 
'tectonic plate motion. The total apparent 
change is only 4 cm and we cannot exclude the 
possibility of systematic error at this low 
level. We continue to monitor this baseline 
with Observing sessions at least once per month. 

GJJ2l-08 
CONTINENTAL SCALE BASELINES DETERMINED BY YLBI 

D. S. ROBERTSON 
W. E. CARTER (Both at National Geodetic Survey, Charting 

and Geodetic Services, National Ocean Service, NOAA, 
Rockville, Md. 208'52) 

During the past .- years more than 30 baselines among 
permanent Very Long Baseline Interteroaetry (VLBI) 
observations in the United States and Europe have been 
measured repeatedly, trca a tew to tena ot tiMS. The 
Westtord to George R. Apssiz: Observatory.(GRAS) baseline, 
which ia part ot the POLARIS network, has been _sured 
.ere than 150 u.es. 1bese data deIIonstrate that leodetic 
VLBI, using the MARl III aystea, routinely achieves a 
repeatability (lHS) on baaelinea ranlinl trca 1 r 
several thousands ot kllOMtera ot about 1 part in 10 , 
trom obaerving aeaaions ot 2'--bour duration. These 
results have 1mplications tor atteapts to determine 
tectonic plate detormat10ns and motions. 

11l?1-'rl 

Repeatabil1ty OC Mobile YLat Ba~el'ne3 

F. P. WIeland (Jet Propulsion Laboratory, 
Calitornia Institute ot Technology, Pasadena, 
CA 91109) 
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In the past tour years, the HobUe VLBI Project has 
aade many measurements ot the JPL/Owens Valley/ 
Gcldstone/Ft. Davis (JOGF) quadralateral, with these 
measurements showing ocnsistency at approximately the 
level ot the reported tormal errors. For the -remote
baselines (1.e., those outside the well-estabUshed JOG!' 
network), the measurements have been relatively sparse, 
with only eight sites show1ng multiple occupaticns in 
the current Mobile VLBI data base. Host ot these site. 
have been v1sited only two 01' three times, 

In this paper, we present an assessment ct the repeat;... 
abUity ot the remote HobUe YLBI baael1nes. I compari
son 1s made ot the scatter 1n these base11nes with the 
typical scatter in the JOG!' baselines, vhich is taken as 
the standard. Nonparametric statistical tests sre used 
to assess the signir1cance ot d1tterences in variances. 
Examples ot pocr remote base11ne repeatab1l1ty are tound 
to be somewhat correlated w1th poor data qua11ty, 
characterized by low y1elds (1.e., less than 50% ot all 
scheduled observations used 1n the t1nal perameter esti
mation) and higher than normal post-tit residual 
scatter. 

GD2l-lD 
r.eodesy by Radio Interfergnetey' Effects of Errors in 
Modeling the 1'fODOsphere 

J,L. DAVIS (Massachusetts Institute of Technology, 
Canbridge, I1A 02139) 

T.A. HElUWG, 1.1. SllAPmo (Harvard-Snithsonian O!nter 
for Astrophysics, Canbridge, I1A 02138) 

All nr:ldels for the electrical path length of the 
tropoS[ilere involve asSlm{ltions oorcemin:J the tmp>ral 
and spltial variations of this quantity. Errors in 
any of these assumptions can induce errors in the 
estimates of ~ica1ly ai\Jlificant paraneteal ftall 
very-lo~line interferanetric (VrBI) c:teervatiam. 
For example, an error in the lOOdel of the elevation 
angle "":e .. 'leroe an in:boe bI.ased estimates of baseline 
length. It. discussion will be given of (XlSSible uethods 
of limiting these effects. Also presented will be an 
analya1ll of the spectra of short term spatial and 
templral variations of tropoSIileric water vapor and 
their effect 00 our ability to nr:ldel the tropoSIilere. 

This work vas supported by Air Force GeoltlYsics 
Laboratory oontract Fl9628-B3-K-003l, ~ oontract 
NASS-27571, and NSF grant NSF-79-20253-EAR. 

m2J.-ll 
Empirical tropoAphere HodeJ tng .f!:g,m ..uSH IntcrCQntf nen-

.tal .vw .I&U. 

.L. lL.. Traub, Ct 
G. E. Lal171 
O. J. Sovers (all at Jet Propuls1on Laboratory 

Calitornia Institute ot Technology 
'-800 Oak Grove Drive 
Pasadena, Cl 91109) 

We derive new dry troposphere mapp1ng tunctions trom a 
tive year span or dual trequency Deep Space Network 
VLBI da tao The resul ts, obtained by adj usting 
paraaeters in existing mapping tunctions, compare 
tavorably vith theoretical calculations. The extent to 
which the troposphere's site and time variability can 
be determined troa the data 1s examined, and the bounds 
tor the ettects ot dry troposphere mismodeUng on ba_ 
lines and souroe ·poaitions are delineated. In 
addition, ve detera1ne the ettect ot a tiae varyinc, 
uncalibrated vet troposphere on VLBI baseline and 
source position esti_tes. 

GD21-J2 
On the Accuracy of Doppler Derived Iono
spheric Path Delay Corrections for VLBI 

F.J. LOHMAR 
J. CAMPBELL 
( Geodetic Institute University of Bonn l 

Nussallee 17, 5300 Bonn. F.R.G. ) 

In order to estimate the accuracy of iono
spheric path delay corrections derived from 



2-frequency NNSS Doppler satellite observa
tions, several geodetic Mk III VLBI cam
paigns observed at the S and X-bands have 
been supplemented with simultaneous Doppler 
observations. In this way a direct compari
son between the Six ionospheric groupdelay 
differences and the corresponding values de
rived with a special interpolation method 
from Doppler observations could be made. In 
all cases the Doppler derived X-banp correc
tions agreed within 0.13ns RMS with the Six 
values except for a bias which is fully ab
sorbed by the clock terms in the baseline so
lution. The effect on the VLBI baseline 
lengths of using Doppler derived corrections 
instead of SiX differences was in all cases 
less than 3cm for intercontinental and 0.6cm 
for a European baseline of 830km length. 
A typical example is: 

Haystack-Effelsberg Mk III Sep.80 X-band 

Solution: uncorr. Six corr. Dopp.corr 

Length : 5591903.610 --903.390 --903.419 

This means that in case of loss or even lack 
of a second VLBI frequency most of the sin
gle frequency observations can still be used 
for high precision baseline determinations. 

GJJ21-13 
A b'VR Error Model 

B. C. Beckman 
J. M. Davidson (both at Jet Propulsion Laboratory, 

California Institute of Technology, 
Pasadena, CA 91109) . 

Ve propo"" a water vapor radiometer (b'VR) error model 
in which the d1fference between the "true" line-of-sight 
wet path length Lt and the lIenured line-of-sight wet 
patblengtb LII ia set equal to Lm times a scale error c 
plus an effective additive zenith wet path length Lo. 
Thus, 

Lt - Lm "' 0 • LII + All • Lo, 

where All is the modeled airaass. For a "perrect" VVR, c 
and Lo will equal zero. Tests of this error 1I0del, 
oonducted bJ oollparing data reoorded sillultaneousl), with 
side-by-side ViR'a, indicate that for the current total 
VVR s),stell (including pethlengtb retrieval algoritbll and 
software) 0 and Lo bave typical absolute values of 
approxillatel), 0.2 and 1-2 cm, respectively, al tbougb 
they II&)' be larger on occasion. In addition, tbese data 
indicate tbat the proposed model describes VVR error 
witb an accuracy of up to 1.0 cm. The results of a 
simple covariance analy.is will be presented, to 
1ndicate wbether, gben a suitable netvork geometry and 
observing scbedule, tbe 1I0del parameters can be 
estimated froll tbe VLBI or GPS data, to produce an 
effective calibration of 0.5 cm accuracy, using exisUng 
ViR's. 

m21-14 
Iest3 DC Water Vapor Radiometer Calibration Using yLBI 
~ 

P. H. Kroger 
J. E. Patterson (both Jet Propulsion Laboratory, 

California Institute of Technolog)', 
Pasadena, CA 91109) 

Ve bave assessed tbe relative lIerits of water vapor 
radiometer (ViR) data and .urrace meteorolog)' (SH) data 
tor calibration of the wet troposj:bere in VLBI geodetic 
experi.ents. Tasts were lIada using data produced in 
Mobile VLBI experiment. of JUDe 9 and JUDe 29, 1983. 

It vas found tbat tbe RM3 scatter of tbe post-fit 
residuals of the group del&), observables wa. generally 
sllaUer vben ViR data were u_d for calibration. This 
va. reflected in greater preci.ion in tbe values of 
est1lllated seodeUo parameters. 
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Ve bave also investigated tbe repeatabilit)' of 
estimated baseline par .... ter. when the t1rst and 8800nd 
12 bour periods, from a 2_-bour YLBI experiment, were 
separately analyzed. Results will be pre_nted sboving 
whether ViR calibration leads to lIore oonsistent results 
than does SM calibration. Speoial attention vill be 
given to the baseline verUcal component, wbere good 
quality vet troposphere calibration would be expected to 
have the greatest beneficial effect. 

r,n?l-15 
Nutation A.pH tudC3 ..(cQlII.I2SH Intercontinental l'.IJlI 
~ 

.l2...L.~ 
R. N. Treuhart (both at Jet Propuldon Laboratory 
. California InsU tute of Technolog)' 

4800 Oak Grove Drive, Pasadena, CA 91109) 

Possible effects of precession and nutat10n mismodeling 
on the time rates of cbange of tbe Deep Space Netvork 
1ntercontinental baselines are investigated. t.nalysis 
of 1978-83 dual-frequency YLBI measurements sbovs 
statistically signit1cant sb1rts of the order of a fev 
lIilliarcseconds/),r in tbe luni-solar precession 
constant, and a fev lias in tbe allplitlldes of SOlie of 
tbe leading terlls of tbe Vabr nutation series. 
Concoll1tant changes in tbe baaeline length tille 
derivatives are not signit1cant in the precession case, 
but of tbe order of 1 to 2 cli/yr for nutation 
(approxillately tvice the tOl'lIal uncertainties). Ve 
oonclude tbat correct 1I0de11ng of Duta tion is of 
importance in extracting baseline dr1ft results from 
VLBI measurements. 

GD2l-16 
A GSFC Geodetic Reference Solution from Satellite 
Rang1ng to [AGtoS: s[S.IAp 

D.E. Smith 
D.C. Christodoulidis (both at Goddard Space Flight 

Center, Geodynamics Branch, Greenbelt, MD 20771) 
P.J. Dunn 
S.M. Klosko 
M.H. Torrence (all at EG&G Washington Analytical 

Services Center, Inc., Riverdale, MD) 

A solution for earth orientation and geocentric 
station positions has been made from LAGEOS laser 
observations spanning Hay 1976 to the end of 1982. 
Annual subsets of this base solution have also been 
made to assess tectonic motions over this interval. A 
discussion of the models and products of this solution 
will be made. 

The quality of the results for polar motion, earth 
rotation and three-dimensional station positioning will 
be discussed. Products of this solution, like annual 
inter-and intra-plate baseli nes and ell1 psoi dal chords 
will be examined and compared to indicate probable 
relative plate motions, their accuracy assessment, and 
their sensitivity on earth orientation parameters. 
Work continues on the development of software fully 
compatible with the MERIT standards. This SL5.1AP 
solution will serve as a benchmark for asessing the 
impact of this software conversion on the rigor of SLR 
reference frame, the global vertical geodetic network, 
and the laser derived measures of the earth's rotation 
variability. 

Crustal Studies and 
Deformation 
Room 25 Tues PM 
Presider, S.C. Cohen, GSFC 
G.A. Lyzenga Jet Prop. Lab. 

GD22.1)1 
Gravity-Driven Natural Hazards: 
Their Instrumentation and Public Policy 



W.M. ADAMS, R. HENRY, C.-Y. YAN, 0.0. ATHENS 
(Department of Geology and Geophysics, University 
of Hawaii; Honolulu, Hawaii, 96822) 

N. NAKASHWKA (GeoMoni tor Group Inc., 
Las Vegas, Nevada, 89121) 

Landslides, avalanches, rockfalls, tsunamis, mud
flows, and floods are some examples of gravtty
driven hazards. Rock avalanches on Oahu in Haw~ii 
are concentrated near the ridges. Economically, the 
most important slides are those occurring at 70-140 
m. elevation on the Lualualei fm. Two slides, one 
in Palolo Valley and another in Aina Haina, are well 
documented legally because the City and County of 
Honolulu purchased the swellings rather than contest 
law suits for irresponsible issuance of building 
permits. Field measurements on the surface show 
average velocity components of thirty meters per 
century horizontally and almost 10 meters per century 
vertically. This velocity is stronglY dependent upon 
the rainfall: the drought year of 1983 has resulted 
in the velocity components decreasing to about 
one-quarter of their averages. 

Gravity microsurveys across these slides find an 
increase over the slide mass which is interpreted as 
being due to the intertic~s being water-filled. 
Electrical resistivity confirms this conclusion. 

Seismic refraction measurements show that layers of 
varying acoustical impedance exist. Instrumentation 
development is required to ~ke meaningful stUdies of 
the interiors of these slides. Locating a recent 
subdivision on the LUalualei and ignoring the 
engineering recommendations will lead to destructive 
motion in the future when high rainfall occurs over 
an extended time. The most surprising discovery is 
the extent of the conspiracy to dupe the buyers and 
mortgaging institutions. Hawaii has a recourse law 
with respect to real estate. 

GD22"()2 
Comparing Crustal Deformation Measurement Techniques: 
A Procedure and An Example 

DUNCAN CARR AGNEW (Institute of Geophysics & Planetary 
Physics; Scripps Institution of Oceanography; 
University of California, San Diego; La Jolla, CA 
92093 

In selecting different methods for measuring crustal 
deformation it is desirable to have a quantitative 
procedure for comparison. This is difficult if one 
method makes a continuous relative measurement and the 
other an occasional absolute one; e.g., a strainmeter 
and a VLBI system. A comparison of temporal behavior 
may be made by comparing the power spectrum of the 
continuous record with the apparent power spectrum of 
the occasional measurement, computed by assuming that 
the errors of the latter are independent and that the 
interval between measurements is constant. At shorter 
periods than the one at which these spectra cross, the 
continuous record is qUieter; at longer periods, the 
occasional measurement is quieter. While the cross
over period decreases as the sample interval is 
shortened, the steep drop of the continuous spectrum 
at short periods means that the geodetic method is 
quieter over a smaller fraction of the frequency 
band measured. Realistic error estimates give cross
over times from months to years for even new high
precision geodetic measurements. I will give an 
example using geodetic and strainmeter records from 
Piaon Flat Observatory. 

r;n72-")3 
Earth Crust Deformations due to Heat Sources 

P. LANZANO (Naval Research Laboratory, Code 5110, 
Washington, D.C. 20375) 

We have fOBulated the general analytic problem 
of thermal expansion of the crust. of a spherical 
Earth due to heat sources located within the mantle 
and of the determination of the associated stress. 

The Navier-Stolces equation and the Heat Conduc
tion equation constitute a system of partial dif
ferential equations whose simultaneous solution will 
provide both temperature and displacements as func-
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tions of the radial distance and of time. One also 
has to specify initial conditions, conditions at 
the center of the Earth and boundary conditions at 
the outer surface. 

Those two equations are interrelated except in 
the particular case when the two .pecific h.ats Cp 
and Cv of the material are equal. This 1& not, 
however, a plausible physical a •• umption dnce the 
ratio of said quanti ties is a function of tempera
ture. The system of equations is then bound to be 
left connected and this ultimately lead. to an 
integra-differential equation. 

Our presentation will discuss: (1) a new 1IIethod 
of solution which is a variation of certain known 
results and (2) the role that these limited ana
lytic solutions can play within the overall plan 
of numerical integration. 

GD22-1J4 
AoplYing Lake Level Gaging Records to the 
Investtgation of Uplift within the Yellowstone 
Caldera, Yellowstone National Park 

W. L. HAMILTON (National Park Service, P.O. Box 168, 
Yellowstone National Park, Wyo. 82190) (Sponsor: 
R. B. Smith) 

Pelton and Smith (1982) have reported results of 
fl rst-order releveUng in 1976 of benchmarks 
established in Yellowstone in 1923 showing 
intra-caldera uplift by as much as 15 mm/yr. 
Rele,veUng Of a portion of the caldera by the 
U.S~G.S. in 1983 gave comparable or greater rates. 
A profile based on 1983 measurements is roughly 
congruent with the earlier profile suggesting 
a relatively simple geometry. 

In this investigation U.S.G.S. gaging records were 
evaluated to see if Yellowstone Lake basin tipping 
on the southeast flank of the uplift could be 
detected and to gain a more detailed picture of 
deformation over the period Of record. Gage records 
are available for Fishing Bridge (at the lake 
outlet) from 1923 to present: Lake Hotel from 1921 
to 1966;. and Bridge Bay from 1966 to present. These 
~ages were releveled to nearby benchmarks 
approximately every five years. Downcutting at the 
outlet vas assumed to be negligible. 

Annual minimum (winter) gage heights for these 
stations show increasing trends with time, in excess 
of a minor precipitation increase, that are 
comparable with uplift rates based on reI eve ling of 
from 0.7 to 2.9 mm/yr for the respective legs. More 
importantly, winter gage helght differences be tween 
stations (independent of precipitation) changed 
progressively toward higher lake levels southward by 
1.2 to 2.4 mm/yr on the respective legs. The gaging 
record suggests that most recent uplift in 
Yellowstone commenced in the late 1930's following 
an irregular interval, accelerated sharply in 1963, 
and resumed a monotonic rate thereafter. 

Nev Geodetic Measurements of Crustal Deformation In 
the Rio Grande Rift. 

SHAWN LARSEN (Dept. Geological Sciences, Cornell 
University, Ithaca, NY 14853) 

ROBERT REILINGER (Air Force Geophysics Lab, Hanscom 
AFB, HA 01731) 

LARRY BROWN (Dept. Geological Sciences, Cornell 
·University, Ithaca, NY 14853) 

Recent leveling conducted by the National Geodetic 
Survey in central New Mexico and west Texas provides 
new evidence of ongoing tectonic deformation 
associated with the Rio Grande Rift. A 1980 resurvey 
over the mid-crustal magma body near Socorro, New 
Mexico indicates continued uplift. However, the 
average rate of uplift between 1951 and 1980, 
1.8 mm/yr, Is 8ignificantly Ie •• than the previously 
reported average rate of 3.4 .. /yr between 1912 and 
1951 (e.,. Reilinger et al., Geology, 1980). This 
decrease in deformation rate i. consistent with an 
apparent reduction in seismicity. The new 
measurement I allo confirm a prominent zone of 
subsidence on the southern border of the main zone of 



uplift. If the movements are due to magma inflation 
In the crust, the process must be more complex than 
originally considered. A 1981 resurvey of level lines 
in the Diablo Plateau region of west Texas indicates 
that the previously reported (Brown et al., JGR, 1978) 
uparching of that region is continuing roughly at a 
constant rate, The cause of the west Texas uplift 
remains less certain than that near Socorro, but 
similar magmatic activity at depth is suspected. The 
new levelings slso update estimates of subsidence 
(40 cm between 1956 and 1981) due to water withdrawal 
near Pecos, Texas, and help identify suspected 
systematic errors in some of the leveling results. 
These new measurements further verify that the Rio 
Grande Rift is an important site for future monitoring 
of crustal deformation. 

Tectonic Implications of Proposed Crustal Dynamics 
Project Observing Sites 1n South America 

R. J. ALLEN BY (Geophysics Branch, Goddard Space Flight 
Center, Greenbelt, HD 20771) 

The locating of poslible satellite laser ranging 
observing sites in South America is essentially 
complete. Site locationa are constrained by opera
tional requirementl and seeing conditions. Budget 
restraints will li.it the number of the proposed sites 
that will actually be occupied. 

Working closely with South American scientists, 
the observing location. were chosen primarily to pro
vide information on the Nazca/South American plate 
interface; however, the sites are also designed to 
provide important data on Andean deformation. The 
primary Nazca plate site i. on Easter Island, with 
possible additional sites in the Galapagos Islands 
and on San Felix Island off the coast of Chile. On 
the mainland a baseline from the proposed Quito, 
Ecuador site to Bayovar on the northern Peruvian coast 
will "monitor motion across the Huancabamba fracture 
zone that runs east across the Andel from the Carnegie 
Ridge and the Gulf of Guayaquil. Baselines from 
Lima, Huancayo, Cuzco and Arequipa in Peru to Orura, 
Bolivia and Iquique, Cerro Tololo and Santiago in 
Chile cross the Abancay fracture zone and the complex 
Andean elbow area of the Peru, Chile, Bolivia borders. 
Measurements fro. the coastal and inter-Andean sites 
to Santa Cruz, Bolivia on the edge of the Brasilian 
Shield will provide data on trans-Andean strain. 

GD22-'l7 
Statistical telts of intraplate deformatio~ 
from plate motion inverlionl 

SETH STEIN 
RICHARD CORDON (both at Dept. of Geololical Sci

encel, Northweltern Univerlity, Evanlton, IL 
60201) 

We have investigated the application of the 
F-ratio telt, a otandard Itathtical teChnique, to 
the results of relative plate motion inverliona. 
the method teltl whetber the improveaent in fit of 
the model to the data relulting fro. the addition 
of another plate to the .odel il creater than that 
expected purely by cbanc... tbil approach ap·pearo 
to be useful in determininc wbether additional 
plate boundariel are jUltified. We confirm previ
oua relultl favorinl I .. parat. lortb Aaerican and 
South American platel with a boundary located 
between 30°. and the equator. Ulina eba •• '. ,lobal 
relative BOtion data, we lbow that in addition to 
leparate West African and So .. lian plate., leparate 
Welt Indian and Australian platel, with a belt
fittinl boundary between 700E and 900£, can be 
relolved. These relultl are senerally conliltant 
with the observation that the Indian piate'l inter
nal deformation extends IOsewhat weltward of the 
Ninetyeast Ridge. 

GD22-1)3 
Vertical Tectonics and Temporal Changes in Global 
Gravity Anomalies 
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C.B. OFFICER (Earth Sciences Department, Dartmouth 
College, Hanover, N.a. 03755) 

C.L. DRAKE (Earth Sciences Department, Dartmouth 
College, Hanover, N.H. 03755) 

From the variations in the continental shelf break 
depth off the East Coast, Officer and Drake (1982) 
have shown that over the past 18,000 years the Siotian 
shelf has been subsiding at a rate of 0.8 Cm yr- with 
respect to Miami with the major changes occurring in 
the region from New York to Cape Hatteras. This 
observation is confirmed by a variety of features on 
the continental shelf as well as from recent leveling 
analyses and the differences between the true sedimen
tation rates as determined by geochemical tracers and 
apparent sedimentation rates as determined by histori
cal bathymetric depth changes in the Chesapeake bay 
·region. Similar shelf break depth variations occur 
along the other passive margins of the Atlantic. From 
the numerous cyclic sedimentation sequences throughout 
the Phanerozoic it is surmised that these vertical 
tectonic movements are cyclic in nature with periods 
in the range 20,000-300,000 years. The implication is 
that there have been corresponding temporal changes in 
global graVity anomalies of the order of 10 mgal. 
Although the small aspect ratio, Rayleigh-Benard, 
convection in the upper mantle is not a principal 
forcing function in the description of horizontal 
plate tectonics, it is our contention that the inherent 
instabilities of this convection are the cause of the 
oscillatory, vertical plate motions observed. 

r:rl22-'Y3 
GLOBAL POSITIONING SYSTEM (GPS) MEASUREMENTS AS A 
CONSTRAINT ON PLATE DRiviNG fORCEs 

T. H. DIXOO 
M. P. GOLa1BEK 
Jet Propulsion Laboratory. 
Mail Code. 183-701, 4800 Oak Grove Drive, Pasadena, 
California 91109 

Spatia lly dense and frequent measurements of long 
baseline lengths are not econ~lcally feasible with 
current geodetic techniques such as IIIObile VLBI or 
laser ranging systems. However a dense measurement 
network Is possible using low cost, portable GPS 
receivers. A properly designed prograAI to monitor 
both long (> 1000 kill) and short (100-500 kill) 
baselines can generate Important constraints on 
possible plate driving mechanisms. 

Regular measurement of long and short baselines 
spanning a fast spreading center should yield 
accurate plate divergence rates after a 5-10 year 
period. These velOCities can be compared to 
convergence rates derived from similar measurements 
across an adjacent subduction zone. Comparison of 
such rates to Instantaneous plate motion rates 
based on earthquake slip vectors describes the 
relative proportion of aseismic and seismic slip. 
In addition, if the. velOCities derived from 
baseline length changes differ at the divergent and 
convergent boundaries of the same plate then a 
change in the state of stress In that plate can be 
inferred. This would help constrain the relative 
importance of ridge push versus slab pull as a 
plate-driving force, at least on short time scales. 

The optimum area to attempt such measurements Is In 
the Pacific, due to fast spreading rates. Such a 
measurement program would make use of Intra-plate 
Islands, and assumes that they are stable platforms 
for the GPS receivers. This assumption would need 
careful, long-term evaluation. 

GJ)22-1Q 

Geotectonic Imagery and Aeromagnetics Define 
the ~ Grande Pseudofault 

JOHN L. LaBRECQUE (Lamont-Doherty Geological 
Observatory, Palisades,N.Y. 10964) 
JOHN BROZENA (Naval Research Laboratory, 
Washington,D.C. 20375) 

The Seasat derived Geotectonic Imagery of 
W.F. Haxby has been used to plan.and ca~ry out 



an aeromagnetic survey of the Rio Grande Rise 
area. The GTI provides the necessary detail of 
the regional tectonic fabric which far exceeds 
that available from bathymetric compilations. 
Seafloor spreading magnetic anomalies observed 
adjacent to the GTI anomalies provide 
constraints on the interptretation of these 
anomalies. 

The interpretation of the· combined data 
set indicates that the Rio Grande-Walvis Ridge 
system formed at the tip of a southward 
propagating rift. The time of propagation is 
limited to the Late Cretaceous, from Campanian 
to Latest Maastrichtian. The kinematic 
interpretation indicates that the large 
negative gravity anomaly located near 30 West 
and 35 South is the site of a short lived Late 
Cretaceous transform fault perhaps associated 
with some degree of convergent motion. The 
data recovered during this study should 
generate some doubt as to the use of the 
Walvis Ridge lineament as a hot spot trail. 

1ll22-11 
Proper Motions of Pacific-Plate Hotspots 

C. G. Chase (Dept. of Geosciences. University of 
Arizona. Tucson. Ariz. 85721) 

D.R. Spraul (Dept. of Geology & Geophysics. University 
of Minnesota. Minneapolis. Minn. 55455) 

The strong correlation of hotspot locations with 
geoidal highs leads to the suspicion that both are 
related to the same convective phenomenon. The 
dominance of long-wavelength geoid anomalies then 
suggests that relative motions between hotspots may 
not be random. but that the motions of the hotspots 
might be coherent at a length scale of thousands of 
km. The apparent fixity of hotspots might thus be 
misleading. with spurious rotations introduced by 
coherent motion cif groups of hotspots. If so. differ
ences between paleomagnetic reconstructions and fixed 
hotspot reconstructions are not necessarily signifi
cant of true polar wander. 

We have used five well-dated and defined hotspot 
traces from the Pacific plate in a preliminary test 
of these hypotheses. Individual poles and rates of 
motion were fitted to each trace and used to deduce 
instantaneous Pacific/hotspot motions. Relative to a 
global mean hotspot reference frame. northern Pacific 
hotspots move northerly at 10-20 mm/yr, and southern 
Pac·Uic hotspots move southerly at 15-70 mIn/yr. This 
pattern is consistent with the slope of the long
wavelength geoidal anomaly over the Pacific plate. 
and constitutes a success of the hypothesis. 
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Thermoelastic Stress: How Important as a Cause of 
Earthquakes In Young Feanlc Lithosp!i"ere-?---

ERIC A. BERGMAN. STEVEN R. BRATT. and SEAN C. SOLOMON 
-rD"eiit. of Earth. Atmospheric. and Planetary Sciences. 

H.I.T., Cambridge HA 02139) 

A synthesis of the source characteristics of over 50 
near-ridge earthquakes (intraplate events which occur in 
oceanic lithosphere 2-30 m.y. in age) indicates that 
thermoelastic stresses accompanying the early, rapid 
phase of plate cooling may be an important component of 
the stress field in young oceanic lithosphere. Features 
of near-ridge earthquakes that provide qualitative 
support for this inferrence include the sharp decline in 
rate of moment release after an age of about 15 m.y •• 
the observation that the deepest events at all ages are 
characterized by normal faulting. the tendency for the T 
axis of normal faulting mechanisms (and the P axis of 
some thrust faulting events) to be oriented subparallel 
to the ridge axis, and the near-aseismicity of young 
oceanic crust. The decline in seismic moment release 
coinCides with .the age at which cooling rates throughout 
the lithosphere have dropped to relatively low and 
slowly changing values. In addition. the maximum 
centroldal depth of near-ridge earthquakes as a function 
of lithospheric age parallels. but at a somewhat 
shallower depth, the age-dependent depth of the maximum 
rate of cooling calculated from standard plate-COOling 
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models. The discrepancy in depth Is readily explained 
by the rapid decrease in lithospheric strength above a 
temperature of about BOO·C. 

We present simple quantitative models for thermo
elastic stress in young oceanic lithosphere for 
comparison with the earthquake data set. The accumula
tion of thermoelastic stress with time is calculated 
from an assumed thermal model using the~al displacement 
potentials; the method of images is used to match 
boundary conditions at the sea floor. We test both 
fully elastic models and models in which stresses are 
not accumulated below a depth defined by a limiting 
isotherm (e.g •• BOO·C). In general. these nodels 
support the importance of thermoelastic stress in the 
tectonic evolution of young lithosphere. 

Tectonic Movements in 
California: Measurements and 
Interpretation 
Room 25 Wed PM 
Presider, T.H. Dixon, Jet Prop. 
Lab. 
R. Allenby GSFC 
fiD32-()1 
REDE&H: Geodetically Deriyed Strain Crom San 
Francisco Bay to the Mendocino Triole Junction, CaliCo 

H. W, CLINE, R. A. SNAY, E. L. TIMMERMAN (National 
Geodetic Survey, NOAA, Rockville, Md. 20852) 

t. HURST (Lamont-Doherty Geological Observatory or 
Columbia University, Palisades, N. Y. 1096_) 

The procedure or Snay et al. tlGR, 1983) is used to 
obtain JiEg10nal .neformation of the Urth lIodeb Cer the 
San Francisco, Santa Roes, and tJkUh regions of Cal1Cornia. 
The total area is best described as covering San Francisco 
Bay ~4'. 370 ) north to the Mendocino triple junction (f 
c _0 ) and frOll the Great Valley (")..: 121.50

) west to 
the Paciric Ocean. The data are triangulation, 
tr1lateration, and astronolll1c azimuths observed since 
late-1906 to 1978. 

Each oC the three regions is partitioned iO;o a mosaic 
·.oC microplates or -districts- that are allowed to 
individually translate, rotate, and derorm ~ously 
as a linear function Of time. By approximating the 
known geologic faults with district boundaries, the 
relative motion between districts represents secular 
fault slip. No earthquakes are modeled in any of the 
three regions discussed. 

The directions and magnitudes of mx1mum r1ght-Iateral 
shear strains suggest an overall pattern or d1l'Cuse blt 
moderate .. train (..-.3 .± .1.-rad/yr) distributed over the 
San Andreas, Hayward, and Calaveras faul ts sooth of San 
Francisco Bay that bulld and converge northward onto 
Point Arena ,",1._.± .2,..rad/yr). In the Great Valley, 
1ns1gn1Cicant emar strains k.08.± .07 I"rad/yr) parallel 
the San Andreas strike direction. This pattern 1lIIplies 
that north Of San Pablo Bay, the as yet unmodeled 
Tolay-Mount Jackson(?) raul t is .ore i.portant than the 
Rodgers Creek-Healdsburg Caul t. The data, however, are 
contaminated by approximatelY 30 years or abnormally 
h1g)1 shear strain Cc1lowing the 1906 earthquake (T1 .. tcher, 
..lB.ll, 1975), which dr-ives up the REDEAM linear r-ate. 
All data observed prior to 1930 will therefore be 
d1""arded and the Tolay Cault vUl be modeled to determine 
the amount of postseislll1c relaxation on these results. 

Regional Deformation for the Baker-sfield Region. CaliCo 

E. L. TIMMERMAN, R. A. SNAT, M. V. CLINE (National 
Geodetic Survey, Charting and Geodetic Services, 
National Ocean Service, NOlA, Rockville, Md. 20852) 

A mathematical model is presented ror horizontal 
crustal motion derived fro. 50+ years or classical 
seodetic data (tr1&n8Jlation, trUateration. and astronolll1c 



azimuths) in the llOuthern cal1tornia reSion bounded N-S 
by the 35.50 and 34.50 N latitudes and, E-W, by the 
118.50 W longitude and the Pacitic ocean. The model 
relates crustal detormation to secular strain rates, 
secular slip rates on geologic taults, and episod1c 
motion exper1enced during the 1952 H7.7 tern County 
earthquake along the White Wolt taul t., For the seallar 
motion, the region was part1t10ned into a mosaic ot 
IIIicroplates or wdiftr1ctsw that wire allowed to in11v1dually 
translate, rotate, and detOl'll homogeneously as a l1rear 
function of time. Th'e' 'der1ved shear strain pattern 
supports the hypothesis that right-lateral shearing 
between the Pacitic and North American plates dominates 
the regional stress tield. Secular shear strain is 
maximum in the HW direction parallel to the San Andreas 
fault zone. Sea1l.ar slip rates were estimated at various 
points on district boundaries by computing the relative 
secular velocitr between the two districts at those 
points. The episodic motion experienced during the 1952 
earthqualce was modeled in accordance with the theorr ot 
dislocati<Xl in an elastic haltspace. For this application, 
the White Wolt faul t was represented bJ the tinite three 
planar model ot Stein and Thatcher LZmI, 1981], which 
they derived trom the more abundant geodetic leveling 
data. The horizontal geodetic network in the vicinity 
ot the White Wolt, although relatively sparse, provided 
an unusually good temporal coverage ot the 1952 event, 
the network being surveyed within 6 months both before 
and after the earthquake. 

GD32-03 
Mobil e VLBI Heuurement,. of the JPLlOven" Vall Cyl 
Goldstone/Ft. Dayis Baselines· 1980-1983 

S. L. Allen 
B. C. Beckman 
J. M, Dayidson 
J. L. Fanoolow 
J. E. Patterson 
D, W. Trask 
F. P. Wieland (all at Jet Propulsion Laboratory, 

California Institute ot Technology, 
Pasadena, CA 91109) 

We report results trom radio interferometric measure
ment of the JPL/Ovens Valley/Goldstone (JOG) baselines 
from Januarr 1980 through Februal'J' 1983, using the 
mobile VLBI sratems. Ten separate measurements were 
made of the complete JOG triangle. In addition, six 
separate aeasurements were aade ot the JPL/Owens Valler 
baseline. Thirteen ot these measurements involve base
lines from the JOG etations to Ft. Davia, Texas; these 
results are also reported. Average rates ot change in 
baseline length are -0.8 +/- 0.6 cmlrr tor the JPL/Owens 
Valley baseline, +0.4 +/- 0.6 om/rr for the 
Goldstone/Owens Valler baseline, and -0.3 +/- 1.0 cm/yr 
for the GoldstoneNl'L baseline, where a positive value 
denotes increase in baseline length. The Ft. Davis 
baselines are sia11arly consistent with no motion. In 
the analrsis of these data, a aignifioant improvement 
has been made in the treataent of ionospbere for the 
1980-1981 data. We exaaine the sensit1vitr of these 
resul til to this Ciol11bration. We alao examine the 
sensitivity of these results to the deletion of 
individual measurementa or the deletion of results from 
1ndividual bursts. We find that the quoted ratea of 
change are not significantlr dependent on the ruul til 
from anyone experiment or burst and that the results 
from repeated measurements are generally consistent 
within the quoted formal errors. 

hD32...1)4 
Empirical Strain ~eling with VLBI Data 

1'. !L Wallace 
J. L. Fanselow 
G. A. Lyzenga (all at Jet Propulsion Laboratory, 

Pa:Jadena, California 91109) 

Past attempta to determine regional-scale strain rates 
in southern and central California from VLBI data have 
been suscept1ble to uncertainties 1n the input baselines 
due to errors in earth orientation and rotation data, 
used in the baseline processing. The oapabllitr to 
solve simultaneouslr for strain rates in partioular 
z:oegiolLS and far saall perturbations to the values uaed 
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for global rotation 1s being added to eapirical strain 
modeling procedures in order to remove these effects 
from the esUmates of horizontal strain rates. The 
values obtained for regional strain ratea in California 
with the uoo of these new (li"Ooedures and with additional 
data now avallable from the Crustal Dynam1cs Projeot 
wUl be presented and compared with results frca other 
measurements in the reg10n. Results obtained to date 
indicate that the VLBI network, aeasuring deformation on 
the scale of several hundred kilometers, rields oonsid
erably smalle:' rates of deformation than local networks 
operating on scales of up to tens of 1c1l0meters. 

GJJ32-fJ5 
NUmerical Simulation" oC Strain Fields in the Vicinity 

oC the San Andreas Faylt 

C. A. Lyzenga 
A. Raefslcy (both at Jet Propulsion Laboratory, 

California Institute of Technology, 
Pa:Jadena, California 91109 

Acoumulating eyidenoe troa both aodern terrestrial 
geodetio and spaoe-driven geodetio observations suggest 
spatial and temporal variabilitr 111 the distribuUon of 
crustal strain slong tbe Paoifio-North Americsn plate 
boundary. We present the results of finite element 
calcula tions of elastio and visooelastio res ponses to 
motion at this strike-sUp boundal'J'. 

The results of eUorts to physioally model reoent VLBI 
geodetio results in three dimensions suggest the possi
bUttr that the plate boundal'J' below seismogen1o depths 
differs in configuraUon frolll surfaoe fault1ng. We 
disouss tbese and other oorrobera tive aeasurements 
relevant to this suggestion.' 

Moreover, we present tbe results two-dilllensional 
viscoelastic eartbquake crcle caloula tions, whioh 
exallline the relationship between distributions of 
driving stress and strain distribution in the 
interseismio period. 

GD32-% 
Plate Motion Along the San Andreas Fault from Satellite 
laser RangIng 

D.C. Christodoulidis 
R. Kolenklewlcz 
D.E. Smith (all at: GeodynamiCS Branch, Goddard Space 

Flight Center, Greenbelt, MO 20771) 
S.M. Klosko 
P.J. Dunn 
M.H. Torrence (EG&G Washington Analytical Services 

Center, Inc., Riverdale, MD) 

The Crustal Dynamics Project of NASA now supports 
cont i nuous 1 aser rangi ng to the lAGEOS sate III te. 
Measurements taken from two sites on oppOSite sides of 
the San Andreas Fault have been used to monitor the 
relative motion between the Paciffc and North American 
Plates fn Calffornfa. lAGEOS results, combfned wfth 
those obtafned from trackfng the BE-C satellfte, yfeld 
measures of this motfon extendfng over the last decade. 
With new sfte deployments and, the lAGEOS and BE-C 
observations treated fndependently, there are five 
separate measures of the motfon along the San Andreas 
Fault. If the lAGEOS and BE-C results are assumed to 
be measures of the same constant tectonfc rate, the 
wefghted average rate for the last 11 years fs -6.4 t 
2.0 cm/year with all measures agreeing to within their 
uncertainty. This estfmated rate is in good agreement 
with the -5.6 cm/year value Implied by the global plate 
motfon model of Minster and Jordan (1978). These 
results must be reconciled, however with recent local 
surveys made near the fault showing considerably lower 
rates of changes. 

GD32-fJ7 
Geophysical 
ate ite aser 

Steven C. Cohen (Geodynamics Branch, laboratory for 
Earth Sciences, Goddard Space Flight Center, 
Greenbelt, HO 20771 



Since 1972 high precision satellite laser ranging 
measurements have been made at two sites near Quincy 
and San Diego, California. The 900 km baseline connec
ti ng these sites passes over the boundary between the 
North American and PacHic Plates, strikes N24·W, and 
has a measured contraction rate between 5 and 8 cm/yr 
over the past 10 years. Among the major tectonic 
features crossing this line are the Elsinor, Cucamonga, 
San Andreas, Garlock, and Kern Canyon faults.' In the 
vicinity of several of these faults the U.S. Geological 
Survey has established geodimeter networks for monitor
ing the rate of strain accumulation. We have compared 
the contraction rates deduced from the geodimeter mea
surements over short baselines with the long baseline 
contractions obtained with satellite laser ranging. 
Deformation within a few tens-of-kilometers about the 
San Andreas fault can account for only a fraction 
(perhaps less than 5tn) of the long baseline contrac
tion rate. However, deformation on the other major 
Southern California faults account for a contraction 
comparable in size to the San Andreas contribution. 
The residual difference between the measured long and 
short baseline contraction rates varies from 0 to 
about 4 cm/yr dependi ng on measurement accuracy and 
assumptions made In interpretation. Several mechanisms 
can explain any residual differences between the mea
sured contraction rates. Among the most promising are 
elastic strain extending beyond the boundaries of 
the geodimeter networks, broadscale near-surface aseis
mic flow, time dependent creep at depth, anelastic 
flow below the seismogenic zone and local deformation 
both on mapped and unmapped features. Examination of 
historical data and measurements made in Northern 
California provides some insight Into the operation of 
these mechanisms, however, mesurements at intermediate 
sites 'along the long baseline are required for an 
actual understanding of the regional geodynamics. 

GD32~ 

Polar Deformation Fields and their Application to Western U.S. Tec· 
tonics 

T. H. JORDAN (Scripps Institution of Oceanography, La Jolla, Ca 
92093) 
J. B. MINSTER (Science Horizons Inc., Encinitas, CA 92024) 

An arbitrary tangent velocity field on the surface of the Earth can 
be represented as 

ylr)- Olr) x. 

where 0 (r) is a pseudovector field of seocentric ansula. velocities. We 
model a zone of deformation as a mosaic of domains in each of which 
the velocity field is polar, that is, 

O(r)- ... (r)O + O. 

ii is a unit vector defining the pole of deformation, .. (r) is a scalar 
function of position, and O. is A constant vector which specifies the 
frame of reference. Rigid plates or blocks are domains where", is cor;· 
stant. We give expressions for the velocity ,radient tensor V sY, the 
deformation·rate tensor D, and the rotation·rate (vorticity) tensor W 'in 
a spherical coordinate system (8 - colatitude, '" - longitude) with a 
pole at n. Longitudinal variations of the .rotation rate (0.", ~ 0) con· 
tribute only uniaxial deformation in the", direction but do not affect 
W. Latitudinal variations (a,.. ~ 0) are a source of both shear defor· 
mation and additional vorticity. Over a period of time-in the finite 
strain regime-this extra vorticity generates local rotations and, there· 
fore, kinematical instabilities of the sort discussed by McKenzie and 
Jackson (£PSI., 65. 182, 1983) in the case of the plane strain with can· 
stant velocity sradients. This motivates us to consider a model where 
a,.. - 0 everywhere except possibly at idealized boundaries across 
which", is discontinuous. These boundaries separate domains within 
which ... is a function of '" only and which thus undergo distributed 
(but not necessarily homogeneous) pure longitudinal extension or 
compression. An allraetive feature of the model is that the pole of 
deformation can be determined in principle by filling extension or 
compression axes estimated from focal mechanisms, geological observa· 
tions, and direct stress measurements, We apply these ideas to defor· 
mation, in the Basin and Range province of the western United States, 
where it appears that a single pole can describe the Quaternary defor· 
mation in severed different domains. 

GD32-1Jl 
Vector Constraints on Quaternary Deformation of. the Western United 
States East and West of the San Andreas Fault 
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J. B. MINSTER (Science Horizons, Inc., Encinitas, CA 92024) 
T. H. JORDAN (Scripps Institution of Oceanography, La Jolla, CA 
92093) 

We use boundary conditions imposed by the rigid· plate model to 
investigate the broad lOne of deformation in the western United States 
separating the Pacific (PCFC) and North America (NOAM) plates. In 
the tangent plane at a fiducial point C on the San Andreas fault in cen· 
tral California, we set up the vector equation 

Y"" - YSA - YCN - Yo 

V PII is the PCFCNOAM relative velocity vector at C for which we 
adopt the estimate provided by model RM2 (56 ± 3 mm/yr, N35'W ± 
2"). We demonstrate that this estimate is not likely to be biased by 
complexities within the PCFC·NOAM zone of deformation. v SA is the 
rate-of·slip vector across the San Andreas at C, estimated from geodetic 
and Holocene geological data to be 34 ± 3 mmlyr, N41·W ± 2·. The 
left·hand side of the equation represents a 'discrepancy vector' that 
must be balanoed by velocity vectors representing the deformation east 
and west of the San Andreas: • CN and. a, respectively. We formu· 
late these vectors in terms of frame·independent integrals of the velo
city gradient tensor along paths across the zones of deformation. To 
constrain y CN we choose a path linking the rigid part of NOAM to the 
point C through the Great Basin, modeled as a zone of pure extension 
opening in the northwesterly direction at a rate ofax 10 mm/yr. 
Conditional on a-I, stress and strain orientation data constrain. CN 

to be 10.\ ± 0.7 mm/yr, N63·W ± 5'. Among the various geological 
and geophysical constraints on the rate parameter a, those established 
by Holocene paleoseismie mappinc (0.1 "a <; 1.2) are the most 
relevant to the averagi", interval of RM2 and, by our assessment, the 
most reliable. Satellite·geodetic measurements along the Quincy-Otay 
baseline in California further restrict a to be less than 0.8. Under these 
constraints, we show that deformation west of the San Andreas must 
involve 4-13 mm/yr of crustal shortening orthogonal to the fault and 
6-25 mm/yr of right·lateral motion parallel to it. These predictions are 
independent of the rate estimates from geological data west of the San 
Andreas but consistent with them. 

GD32-1r:l 
~ Quaternary Displacement ~ ~ ~ Owens 
Valley ~ ~ .!!. Fish Springs ~ Cone, 
California 

S.J. Martel, (Dept. Applied Earth Sciences, 
Stanford University, Stanford CA 94305) 

T.M. Marrison (Dept. Geological Sciences, State 
University of New York at Albany, Albany NY 
12222) 

A.R. Cillespie (Jet Propulsion Lab., Pasadena CA 
91109) 

The Fish Spring. normal fault Hes within the 
northern Owens Valley fault zone. During .:he late 
Quaternary Period it appeara to have accommodated 
an the displace...,nt across that zone. n.e fault 
vertically offaets a late Pleistocene basaltic 
cinder cone 74 + 2., and an overlying alluvial fan 

.of tahoe or SAngs.on age (50,000-130,000 years 
, B.P.) 36 + 611. We have dated the offset cinder 
cone, using 40Ar_39Ar analysis with stepwise 
heating, in order to detetlline the average 
displAcement rate of the Fish Springs fault over 
the last ~ 200,000 years. We analysed K-feldspar 
from granitic xenoliths found in the basalt, to 
take advantage of their high K content. \Ie have 
previously found that feldspAr crystals are largely 
degassed of their Ar upon i_rsion in the hot 
mag.... Thus the radiometric clock is reset at the 
time of eruptioll. the fraction of Ar that is 
retained by the feldspar during .f.IIl .... rsion ill the 
.agma is not released during allalyd& except at 
temperatures above ~ 9000C. Thus 4°Ar /39Ar values 
for low-temperature steps give the age of eruption, 
although total ases _y be exce.sive. lie have 
previously dated lavas as you", as 120,000 years 
with uncertainties as small as 10,000 years (20) 
using this approach. The Fish Springs cinder cone 
is of comparable age. 

GD32-11 
Neotectonics at the Juncture of the Southern San 

Andreas and Central MOJave shear Systems 

R.E. CRIPPEN (Remote SenSing Research Unit and 
Department of Geological Sciences, University of 
California, ,Santa Barbara, California 9~106) 



J.C. CROWELL (Department of Geological Sciences, 
University of California, Santa Barbara, Ca. 93106) 

J.E. ESTES (Remote Sensing Research Unit, 
University of California, Santa Barbara, Ca. 93106) 

Recent studies have led to the postulate that the 
Pacific-American plate boundary at depth may not be 
everywhere congruent with its primary surficial mani
festation, the San Andreas fault. Seismic data and a 
number of surficial tectonic features may indicate 
the presence of the plate boundary along a northwest 
trend beneath the central Mojave Desert. Our study 
utilizes enhanced satellite imagery and image
formatted seismic, topographic, gravity, and aero
magnetic data to improve recognition of neotecton
ically significant features near the southern end of 
the possible incongruity. 

Quaternary displacement has been confirmed along a 
number of fault traces where recent activity had only 
been inferred before. Offsets of alluvium are clear
ly seen along the Blue Cut fault, east to the Eagle 
Mountains, in Landsat Thematic Mapper imagery. Fault 
traces in the Central Mo,lave shear system delineate 
southward bending near its southern terminus. 

Detection of subsurface features in Seasat radar 
imagery has been demonstrated, and the abundance of 
radar lineaments crossing alluviated areas only with
in the Central Mojave shear system may indicate a 
pattern of diffuse neotectonic activity there. 

Various geophysical trends bolster the structural 
significance of some geomorphic patterns. Enhance
ments of low-resolution topographic and spectral data 
are suggestive of broad deformation patterns not 
previously recognized. 

GD32-12 
Small-Scale Convection Beneath the Transverse Ranges, 
Southern California 

EUGENE HUMPHREYS 
BRADFORD H. HAGER (80th at S~ismolo~ical Laboratory, 

California Instit·,te of 'rec:hnology Pasadena, CA 91125) 

Inversions of up~er mantle P velocity structure be
neath southern California show two prominent features: a 
region up to 3% fast in the 250 km below the Transverse 
Ranges (TR), and a region up to 4% slow in the 100 km be
low the Salton Trough (ST), corresponding to temperature 
difference. of -t3000 C and density differences of -tl%. 
We interpret these as due to small-scaie convection in 
the mantle. A 3-D flow and stress distribution is calcu
lated assuming seismic velocity and density perturbations 
to be linearly related. The model shows upwelling under 
the ST and downwelling beneath the TR. Shear tractions 
of about 100 bars drive an overall NE-SW motion with con
vergence in the TR. Normal tractions of a few hundred 
bars uplift the ST and downwarp· the TR, in agreement with 
the relief found on the Koho (Hearn, 1984). An elastic 
layer atop the mantle filters this deformation. A 20 km 
thick layer produces a gravity field that is generally 
consistent with the observations. This field has no net 
gravity anomaly along the axis of the TR, and is flanked 
by a low of about 30 mgal. 

We speculate that the downwelling beneath the TR was 
initiated by the opening of the ST. A 2-D convection 
model with temperature-dependent viscosity shows that 
rifting results in downwelling of the lower lithosphere 
about 200 km sway from the rift. This model, which fea
tures viscous defor.ation and sinking of only the base 
of the lithosphere rather than subduction of the entire 
sub-crustal lithosphere, can explain: the amplitude of 
the observed seismic velocity anomaly beneath the TR, 
the lack of deep seismicity, and the relatively small 
amount of observed crustal shortening. It suggests that 
the -big bend" of the San Andreas Fault is the result of 
active mantle processes, not horizontal "plate forces". 

Q)32-13 

G.E. NESS, R.W. COUCH~M.C. FEHLER and M. LYLE 
(CONMAR, College of Oceanography, Oregon State 
University, Corvallis, OR 97331) 

A2-25 

O. SANCHEZ Z. and G. CALDERON R. (Instituto Oceano
grafico de Manzanillo, Colima) 

F SUAREZ V. (CICESE, Ensenada, Baja California) 

As part of the NASA Crustal Dynamics Project, we 
have prepared free-air gravity, bathymetry, and seis
mo-tectonic maps of the region extending from Point 
Conception to Punta Mangrove in Michoacan, including 
the Gulf of California. We are working to complete 
a magnetic anomaly-crustal isochron map of the same 
region. From these compilations, we have made a pre
liminary determination of the loci of both past and 
active faulting. Many independent fault blocks have 
been identified in the central and northern Gulf and 
on the northern peninsula. Like the fault blocks in 
Alta California, these have a notably narrow aspect. 
Gravity anomalies in the northern Gulf suggest that 
little basement extension has occurred there. Our 

·earlier 68 km/m.y. PAC/NAM spreading rate determina
tion, made from data obtained in the mouth of the 
Gulf, is supported by additional survey results, by 
satellite-laser-ranging SAFE results in Alta Calif
ornia, and indirectly by evidence that crustal exten
sion is occurring in the Colima Graben - between Lago 
de Chapala and the Hanzanillo Trough. 

Detailed, transponder-navigated marine geophysical 
surveys are to be conducted during March-June of this 
year, SW of Manzanillo, in the northern'Gult and in 
the mouth of the Gulf to further examine these criti
cal areas. A local seismic array will also be 
operated in the central Gulf during the same period. 

Gravity Measurements and 
Analysis II 
Room 27 Thurs AM 
PRESIDER~ C, F, YODER~ 
JET PRoPlLSION lAsoAATORY 

Constraints on a Standard Linear Solid Rheology from 
the J2 observation and the 18.6 yr tidal Love number 

ROBERTO SABADINI (Instituto di Geofisica, Univ. di 
Bologna, 8, Viale Berti Pichat, Bologna, Italy 40127) 
David A. Yuen (Dept. of Geology, Arizona State Univ., 
Tempe, AZ 85287) 

The nature of short-term mantle rheology for time
scales between the seismic frequency band and a few 
hundred year remains relatively unknown. For short 
wavelength phenomena it is difficult to separate the 
contribution due to mantle relaxation processes from 
those having intrinsic crustsl origins. On the other 
hand, constraints on the nature of short-term mantle 
rheology may be more easily derived from geophysical 
signatures involving long wavelength deformation, as 
in problems related to the Earth's polar motions. We 
make uae of two pieces of information, which have 
emerged as a consequence of the recent acquisition of 
data from the LAGEOS satellite, to place some 
constraints on the rheological parameters of short
term mantle rheology. The first is the secular varia
tion of the gravitational harmonic J 2 (Yoder et al., 
1983, Rubincam, 1984). The second is an estimate of 
the tidal Love number for the 18.6 yr tide to be 
kT (t-18.6 yr) - 0.36 on the basis of the LAGEOS 
o~servation (Lambeck and Nagiboglu, 1983). The 
anelastic rheology we have used is a standard linear 
solid, where the parameters of interests are the 
short-term viscosity and the modulus defect. We use 
a three-layer model consisting of an elastic litho
sphere, a mantle with a standard-linear solid rheology, 
and an inviscid core. For large modulus defects and 
viscosities less than 1021 P unacceptably large rates 
of J2 would result from large earthquakes. Too high 
values for k! at 18.6 yrs are also obtained for this 
range of parameters. The data are more consistent 
with viscosities between 1021 and 1022 P and modest 
values of the modulus defect. We have found that the 
background long-term viscosity of 1022 P associated 
with a Maxwell rheology can contribute 25% of the 
tidal Love number dispersion at 18.6 yr. 



, 
MAGSAT and Geoidal 'LOWS' of Sarada Depression 
in Himal .. ~ya 

~, 

J.G. NEGI, P.K. AGRAWAL and N.K. THAKUR 
(National Geophysical Research Institute, 
Hyderabad 500007, India) 

Analysis of Satellite qravity data (GEM-6) 
reveals a significant qeoidal low (-70 meters) 
in the, proximity of Sarada depression in the 
foothills of Himalaya on the Indian ~ubconti
nent. Residual vertical intensity MAGSAT data 
brtnqs,rout a localised prominent low '(-27 nT) 
over this region. The region exhibits 
anomalous behaviour in electrical conductivity, 
seismic~ty and the surface gravity picture. 
The Indus suture line also shows a disjointed 
feature in this zone. The inter-correlation 
of all these parameters is indicative of deep 
as well as localised complex tectonic activity. 

A Further Estimation of GM from LAGEOS 

R. Kolenkiewicz 
D.E. Sm1th 
D.C. Christodoulidis (all at: Geodynamics Branch, 

Goddard Space Flight Center, Greenbelt, MO 20771) 

Analysis of nearly 7 years of Lageos laser tracking 
data has been used to make a re-estimation of GM, the 
product of the gravitational constant and the earth's 
mass. The value that has been obtained based on the 
GEM L2 gravity model, the Wahr earth tides and 
Schwiderski ocean tides models is 398600.434 t 
0.005 km3sec-2• This result was obtained in a 
simultaneous adjustment of the locations of 44 tracking 
stations, and polar motion and 'earth rotation at 5-day 
intervals. Yearly estimates of the value of GH show 
considerable stabllity. The II10del that most signifi
cantly affects the recovered nlue of GH is the geopo
tential. Adjustment of a large number of geopotential 
coefficients lowers the value of GH by less than 0.005 
km3sec-2• 

A Simplification of the Least Sguares Determination of 
the Grayity Field from Low-Low Satellite Tracking Data 
Utilizing an Operator Representation of the Range 
Qbservable 

v. REINHARQT (Bendix Field Engineering Corporation, 
Columbia, Maryland 21045) 

Qne of the purposes of NASA/Goddard Space Flight 
Center's proposed Geopotential Research Mission is to 
map the gravity field of the Earth to 1-2 mgal in 
41,253 1 degree x 1 degree blocks using range rate 
tracking data between two polar low orbiting satellites 
in the same orbit. Because there are 41,253 blocks in 

:', the gravi ty map, it takes, in genera I, at least 9.4El3 
real floating point operations (flop) to solve the 
least square fit (LSQF) matrix equation used to 
determine the gravity potential from the trackin9 data. 
In this paper, by studying the symmetry of an operator 
which generates the range rate acceleration between the 
satellites from the along track gravity field, it is 
shOl<n that the LSQF cross correlation matrix (T-matrix) 
formed from a complex spherical harmonic (Ylm) 
expansion of the gravity potential is, in the circular 
orbit infinite trajectory length approximation, 
diagonal in m. Further, for the actual mission, an 
iterative method which utilizes the inverse of the 
m-diagonal portion of the T-matrix, is shown to produce 
the 32758 coefficients of the Y model of the gravity 
potential to 64 bit preCision in less than 1El2 flop. 

0' A second iterative method is shown to produce an 
approximate covariance matrix for the coefficients in 
less than another SEll flop. This paper also 
demonstrates a method which eliminates the problem of 
aliasing when attempting to solve the full problem 
sequentially, first, by solving for the approximate 
trajectories of the satellites with a reduced model af 
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the gravity field, and then, by solving for a full 
model of the gravity field using the approximate 
trajectories. 

Recovery of Gravity Anomalies form a low-low Satellite 
Mission in a Local Region 

C. WICHIENCHAROEN (Dept. of Geodetic Science and 
Surveyin~, The Ohio State University, Columbus, 
OH 43210) 

The earth's gravity field has been defined 
by a spherical harmonic expansion to degree 180 
for carrying out simUlation studies related to 
a low-low satellite mission. This spherical harmonic 
field can be used to calculate line of sight 
accelerations on a uniform geographic grid over 
the whole world, if needed, using a very efficient 
computer program. For test purposes, this data 
was generated in several areas assuming a satellite 
height of 160 km and a spatial separation of 200 
km. The satellites were assumed to be in a circular 
polar orbit. This data was then used to recover 
gravity anomalies in a region using least squares 
collocation techniques. The true errors of recovery 
can be determined using the defined gravity field 
to degree 180. Results of various simulation studies 
will be described. 

Geopotential Happing Using Satellite to Satellite 
Tracking Data 

E. H. Gaposchkin 
H. I. T. Lincoln Laboratory 
Lexington, HA Q2l73 

The observable (doppler-velocity) between two satellites 
is a direct, non-linear, measurement of the potential 
difference (T(P)-T(Q») of the two points (P, Q) in 
space. T(P)-T(Q) aeasured along sany tracks can be 
mapped onto a surface (I) suitable for a solution of 
Laplaces equation, which requires regularization of the 
measured potential. Iterating, is necessary due to the 
non linarity. This sapping can be done region by 
region. t can be downward cORtinued to the earth's 
surface if desired. Two surface force coapensated 
polar satellites at 160 ka altitude, with 10-6 a/sec 
measurement accuracy are discussed. 

600..1)7 
GRH Gravity Field Estimation Error Sources 

G.E. THOBE, J.T. KOUBA-and SrC--BOSE (Applied Science 
Analytics, Inc., Canoga Park, Calif. 91303) 

An error analysis of the Geopotential Research 
H1ss1oo (GRH) is being carried out to identify those 
error sources which might compromise the scientific 
value of measurements of the geopotential field. 
Oscillatory disturbances of low frequency are of 
special interest in this regard 8ince they directly 
affect the estiJaated harmonic coefficients of the 
anomalous geopotential. The symmetry built into the 
GRH satellite design leads to a fortuitous separatioo 
of error sources by their common - and differential
mode effects. For example, the two-way doppler 
system of the satellite-to-satellite tracking (SST) 
system largely cancels the common-.ode effect. of 
local oscillator (carrier frequency) variations as 
well as vehicle pitching motions and odd-symmetry 
structural bending modes. Also the physical proximity 
of the two satellites tends to nullify the common
mode effects of solar and lunar gravitatiooal 
perturbations. A perturbation analysis of the 
observation equation enables us to form conclusions 
about the sensitivity of the system to deviations in 
the trajectory from the nominal conditioo of 
identical circular polar orbits separated in time, 
as well as to doppler beacon and TDRSS'tracking 
errors. Finally we summarize our results in the fo~ 
of a table of error sources, their characterizations 
and their impact on the ability of the GRH program to 
recover the gravity field. 



GJ)'ll-D8 
Determination of Short Wavelength Components of the 
Geopotent1al OS1ng a Spaceborne Grav1ty Grad10meter 

Wenner D. Kahn (Geodynamics Branch, Laboratory for 
Earth Sciences, Goddard Space Flight Center, 
Greenbelt, MD 20771 

The capabilities of an orbiting gravity gradiometer 
as a sensor for mapping the fine structure of the 
earth's gravity field are investigated. Knowledge of 
the fine structure of the gravity field is essential 
for studie~ of the solid earth and the dynamics of the 
oceans. Although the earth gravity tensor, measured by 
a gradiometer assembly has nine components, only five 
components are independent. This latter fact is a 
consequence of ~he symmetry and conservative nature of 
the earth's gravity field. Tlie most dominant compone"nt 
is the radial one. Error analyses which were performed 
have consequently been based only upon a single axis 
gradiometer sensing the radial component. The expected 
global gravity and geoid errors for a 1/20 x 1/20 area 
(i.e., 55 km horizontal resolution) utilizin~ a space
borne gradiometer with a precision of 10- E in a 
160 km circular polar orbit for a mission duration of 
180 days are about 3 mgals and 5 em respectively. 

Three-Axis Superconducting Gravity Gradiometer for 
Spaceborne Gravity Survey 

H. J. PAIK, H. A. CHAN, M. V. MOODY, J. W. PARKE 
(Department of Physics and Astronomy, University of 
Maryland, College Park, MD 20742) 

(Sponsor: L. S. Walter) 

A gravity gradiometer with 10-4 E Hz-1/2 senSitivity 
orbiting at an altitude of 160 ~ could provide a 50 
km resolution of the earth gravity field. It appears 
that an instrument with required sensitivity and 
stability can be constructed using superconducting 
technology. The basic prinCiple of common mode rejec
tion and signal coupling by means of persistent 
currents has been demonstrated with a single-axis 
system. Experience gained with this prototype 
instrument is used to design an improved gradiometer 
system which is sensitive to the inline components of 
the gravity gradient tensor in three orthogonal 
di rections. 

We describe some new concepts that have been intro
duced to the design of the three-axis gravity 
gradiometer and report progress in the construction 
of the instrument and the development of ancillary 
technologies. We discuss the development schedule 
and performance goals of the three-axis superconduct
ing gravity gradiometer. 

GJm-lO 

Test of Gravitational Inverse Square Law Using an 
Orbiting Gravity Gradiometer 

H. J. PAIK (Department of Physics and Astronomy, 
University of Maryland, College Park, MD 20742) 

J. MURPHY (NASA Headquarters, Washington, DC 20546) 

The inverse square law is a fundamental basis for 
analyses of all gravity survey data and for geophys
ical models of the earth and the planets. It has 
been pointed out, however. that existing gravity 
data on geological scales cannot exclude a possi
bility of violation of the inverse square law in 
kilometer ranges by over 10%. Such a departure from 
Newton's law would be consistent with some new 
theories of gravity and elementary particles. 

In order to test the law at kilometer ranges, ex
periments in which a null source (plane slab of 
water) or a null detector (three-axis gravity gra
diometer) is employed have been proposed. An earth 
orbit experiment could involve a three-axis gravity 
gradiometer carried in an elliptical orbit. 

In this paper, we consider an earth oir6it experi
ment in which the oblateness of the earth is used 
as a time-varying source of gravity. This config
uration will have an advantage of keeping the sat-
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ellite in a low-altitude circular orbit, as envi
sioned for a gravity survey mission. If a 160 km 
altitude polar orbit is chosen, the distance be
tween the gradiometer and the surface of the earth 
is modulated by 20 km at 3.7 X 10-~ Hz due to the 
equatorial oblateness of the earth. The sum of 
three orthogonal inline gravity gradients is the 
Laplacian of the gravitational potential, a null 
quantity in the inverse square law. Employing an 
appropriate technique of dropping orthogonality 
errors. one can obtain a resolution of 6 X 10-~ 3 

at 100 km, with an instrument sensitivity of 10-
E Hz- 1/ 2 and an integration time of 1 year. 

GD41-11 
"Airborne Measurement of the Vertical Gradient of 
Grav1ty 

Si gmund Hanmer (Department of Geology and Geophysi cs, 
Univers1ty of Wisconsin, Madison, WI 53706) 

William R. Gumert (Carson Geoscience Company, Perkasie, 
PA 18944) 

A cooperative test of airborne gravity exploration in 
July 1982, which was planned by several U.S. oil 
companies, also provides measurements of the vertical 
gradient of gravity over a range of elevations from 
1,500 to 5,500 feet (457 to 1676 m) above sea level. 
The measurements were made along a selected test line 
50 miles (80 km) long in southeastern Pennsylvania, 
U.S.A. Ai rborne measurements were made at six fli ght 
elevations. Topographic relief In the area is about 
1,000 feet (300 m). The free-air gravity anomaly values 
along the length of the line range from -20 to -65 mgal 
(referred to the 1930 ellipsoid). The measured vertical 
gradient varies 1.5% (0.3053-0.3099 mgal/m) but the 
average for the line (0.3073 mgal/m) departs frOt1l the 
accepted normal value (0.3086 mgal/m) by only -0.3%. A 
vertical profile of the gradient at a selected point 
illustrates the data. 

GD'Il-DA 
Feasibility of Gravity Gradient ~easurements 
from a Tethered Subsatellite Platform 

G. E. GULLAHORN (Harvard-Smithsonian Center for 
AstrophYSiCS, Cambridge, Mass. 02138) 

F. FULIGNI* 
M. D. GROSSI 

*(Vi9iting Scientist from IFSI-CNR, 
Frasc3ti, Italy) 

Sponsor: L. Walter 

By placing instr~.ents in a tethered subsstellite 
deployed downwards from the Shuttle, it will be possible 
to perfor. grsvity gradient measurements from heights as 
low ss 120 to 130 k~for ex~,nded periods of "time. A 
gradiometer with 10 to 10 EUt-'/' sensitivity could 
achieve, from that height, measurement thresholds of 
specific interest to NASA geodynamics mission goals. 
However, the dynamiC (acceleration) noise expected in 
a tethered satellite is far higher than in a free flyer 
and may" negate the advantages of flying at this 
unusually low -orbital" height. " 

Investigations underway include both analytical 
efforts to eatimate the dynamic noise experienced by 
the sub~atcllite, and experiment design efforts to 
alleviate the accelerations transmitted to the 
instrument platform. The first experiment Is expected 
to take place on the demonstration flights of the T.S.S. 
facility (!ethered ~~tellite ~stem) and consists of 
measuring linear and rotational acc~Geratlons using 
three accelerometers (resolution 10 g/Hz) and three 
gyros (stability 3 millidegrees/hour). A ~ecQnd 
experiment is expected to perform measurements of 
gradi~metric noise followed by a third flight devoted 
to the collection of d~ta of scientific relevance to 
NASA Geodynamics Rese:1rch Program. The instrum''"ts 
th~t will fly these scientific missions are expected 
to be cryogenic tens2Sial gradiometers with resolution 
possibly reaching 10 EU'!:""" " 
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GP32J)1 
Inversions of Satellite Hagnetic Field Data to obtain 
Crustal Magnetizations 

C. G. A. HARRISON 
K. HAYLING (both at Rosenstiel School of Harine & 
Atmospheric Science, University of Hiami, FL 33149) 

Two equivalent source techniques for inverting 
satellite magnetic field data to obtain crustal 
magnetizations are described and contrasted. One is 
appropriate for performing a global inversion and can 
be used to compare continental and oceanic 
magnetizations, or to look at latitudinal variations 
of magnetization. However, since the model is not a 
reasonable geophysical model it suffers from the 
inability to cope with real magnetization 
variat1~ns==',l'~econd method can satisfactorily 
produce reasonable geophysical models, provided that 
care is taken in the source spacing, and provided that 
an allowance is made for negative magnetizations in 
the case of situations where the magnetization is 
believed to be induced. It is shown how the case of 
susceptibility may be dealt with, by application of 
the annihilator. This has the effect of driving up 
the RHS magnetization and hence requiring a larger 
average susceptibility. The problem of how well the 
very long wavelength crustal magnetization can be 
determined will also be discussed in terms of the 
amount of annihilator used over limited areas of the 
Earth's surface. 

(1'32-02 

The Character of Equivalent Source Solutions for Magnet
ization in the Atlantic using HAGSAT data 

K. L. HAYLING 
C. G. A. HARRISON (Both at Rosenstiel School of Marine 

& Atmospheric Science, University of Hiami, FL 33149) 

• The .equivalent source technique has been applied to 
2 X 2 HAGSAT scalar field data taken over the North 
Central Atlantic Ocean. The modelled magnetization is 
assumed to be parallel or antiparallel to the Earth's 
main field. If there is significant anomalous field 
present in the ares under conslderation the results tend 
to show good stability but if the anomalous field is 
weak then oscillations show up in the dipole sources at 
spacings which should be resolvable frOlll the HAGSAT 
altitude. In order to determine the best spacing for 
the dipole sources it is customary to look at either the 
goodness of fit between observed and calculated field 
and to choose a dipole spacing at which this fit ceases 
to improve significantly with reduction in dipole 
spacing or to look at the RHS dipole moment. which will 
show a large increase as soon as the dipole spacing 
becomes too small for resolution. Neither method can be 
used unequivocally and recourse must be .... de to studying 
the observed pattern of dipole sources to detect 
unwanted oscillations by eye. 

Magnetizations calculatrt in this way tend to be in 
the region of I to 2 A.m- if the whole oceanic crust is 
consldered as the source region. This is about what the 
average magnetization of the oceanic crust would be if 
NRH measurements of rocks recovered from the oceanic 
basins are a reliable guide. Induced magnetizations do 
not contribute significantly to the field. For induced 
magnetizations, the magnetizat10n has always to be 
positive, and so an annihilator has to be added to the 
inversion solution. This has the effect of raising the 
RHS magnetization, but at the same time the suscep
tibility of oceanic rocks is so low as to make it impo~-
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sible to explain the observed fields by induced magneti
zation. The pattern of magnetization in the Atlantic 
shows some slight correlation with geological 
structures. 

GP32..IJ3 
Global Crustal Scalar Magnetic Anomaly Map Derived from 
HAGSAT Data 

J. ARKANI-HNlED and D.W. STRANGHIIY (Del?artment of 
Geology, University of Toronto, Toronto, Canada) 

The HAGSAT vector magnetometer data are separated 
into two distinct sets, the dawn and the dusk sets. 
The dawn (dusk) set consists of the data acquired at 
approximately local dawn (dusk) terminators. The two 
sets were analysed independently because of the dawn
dusk asymmetry of the external magnetic field compon
ents of the data. Two scalar magnetic anomaly maps, 
the dawn and the dusk maps, are derived on the basis 
of 0.5 X 0.5 degree averaged samples of the two sets, 
respectively. The maps are, then, expressed in terms 
of the spherical harmonics using harmonics up to 
120 degree. The degree correlation coefficients 
between the two expressions indicate significant 
correlation of the two maps at harmonics with degree 
between 18 and 44. A global crustal scalar magentic 
anomaly map is, subsequently, derived by arithmetic 
averaging of the corresponding harmonics of the dawn 
and the dusk maps. The map is then downward con
tinued from an average altitude of about 410 km to 
an altitude of about 10 km. The magnetic anomalies 
seen in the downward continued map are relatively 
more localized. Th~y show a close correlation with 
subduction zones, sedimentary basins and mountain 
ranges. The anomalies also display differences 
between continents and oceans. Continents have pro
nounced magnetic features, whereas oceans, especially 
the younger parts, are magnetically quiet regions. 

GP32.JJ4 
Detection of Global Magnetic Anomalies Using Low 
Altitude Satellites 

D.W. STRANGWAY. J. ARKANI-HAMED, (Department of 
Geology, University of Toronto, Toronto, canada) 
and P.J. HOOD (Geological Survey of canada) 

Data from the HAGSAT mission have been used to 
derive a map of the distribution of magnetic anoma
lies of the world. These anomalies, as resolved from 
MAGSAT, typically range between tlO nT at an orbital 
height of about 400 km. When downward continued to 
the surface anomalies are typically limited to a scale 
of 500 km or greater. It was possible to work with 2 
nearly independent sets corresponding to dawn and dusk. 
These sets each give fairly uniform global coverage so 
that it was possible to add and to subtract these two 
maps from each other, thus giving a good sense of the 
noise level. The addition map suppressed a strong 
asymmetry-due to different ionospheric currents at 
dawn and dusk. The dominant remaining feature of the 
difference map was associated with various orbits, 
showing that the major noise level problem is directly 
analogous to the flight-line levelling problem of con
ventional aeromagnetic surveys. This noise level is 
:!: 2 nT. Provided a similar level of sampling is pos
sible in a future mission, the noise level associated 
with field fluctuations will be about:!: InT. Wethere
fore conclude that:!: 1 nT is a realistic noise·level 
for satellite mapping. DoWnward continuation of our 
HAGSAT anomaly map shows that the anomalies at l60km 
correspond to a level of ± 30 nT. Portions of the 
aeromagnetic anomaly map of Canada have been continued 
upward confirming that anomalies of 30 nT or more can 
be expected at 160 km. We can expect an improvement 
in the signal by a factor of 3 or 4 from flying at 
lower heights and there could be an improvement in the 
noise level by a factor of 2. 



1?P32-')5 
Mapping Magnetized Geologic Structures from Space: 
The Effect of Orbital and Body Parameters 

PATR1CK T. TAYLOR 
CHARLES C. SCHNETZLER 
ROBERT A. LANGEL (all:Geophysics Branch, Laboratory 

for Earth Sciences, NASA/GSFC, Greenbelt, MD 20771 

When comparing previous satellite-magnetometer 
missions (such as Hagsat) with proposed new programs 
(for example, Geopotential Research Hission, GRH) it 
is important to quantify the difference in scientific 
information obtained. We use the ability to resolve 
separate magnetic blocks (simulating geological 
units) as a parameter for evaluating the expected 
geologic information from each mission. This study 
evaluates and quantifies the effect of satellite 
orbital altitude on the ability to resolve two magnetic 
blocks with varying separations. Other parameters 
which were changed were: inclination; and intensity of 
the dipolar field; orientation of the magnetized blocks 
and orbital pass azimuth. 

Our results indicate a systematic, but non-linear, 
relationship between resolution and distance between 
magnetic blocks as a function of orbital altitude. 
The proposed GRH would provide an order-of-magnitude 
greater anomaly resolution than the earlier Magsat 
mission for widely separated bodies of any separation 
(>1)0 km); difference in resolution increases even more 
dramatically as body separation approaches the altitude 
of GRM. The resolution achieved at any particular 
altitude varies by about a factor of ten depending on 
the location of the bodies and up to about a factor of 
two depending on orientation. 

f1l32-')6 
Constraints ££ the Regional Magnetization of 

the Oceanic ~ 

C. A. RAYMOND 
J. L. LaBRECQUE (both at: Lamont-Doherty 
Geological Observatory,palisades,N.Y. 10964) 

We have examined the MAGSAT intermediate 
wavelength magnetic field over the Shatsky 
Rise in the North Pacific and over the North 
Atlantic basin. From these studies we draw the 
following conclusions about the intermediate 
wavelength field: 1) a significant anomaly is 
observed over the Cretaceous oceanic crust 
which is due to remanent magnetization 
acquired during the seafloor spreading 
process; 2) induced magnetization dominates in 
areas of lateral crustal inhomogeneity; 3) the 
Moho appears to be the lower boundary of the 
magnetiZed layer; 4) the thermal structure of 
slow spreading centers does not produce an 
observable anomaly. 

The HAGSAT and sea surface intermediate 
wavelength profiles over the Shatsky Rise can 
be modeled by a source body whose upper bound 
is the seafloor topography and whose lower 
bound is the seismically determined Moho. A 
magnetization direction along the present 
field is required, suggesting the induced 
component dominates. 

The North Atlantic basin intermediate 
wavelength anomaly field is dominated by the 
remanent magnetization of the seafloor 
spreading anomalies. The lateral homogeneity 
of the crustal structure suggests induced 
magnetization is unimportant, except in the 
region of the spreading center where the 
thermal structure must be considered. We have 
formulatetl a variety of models which 
incorporate the thermal structure of the North 
Atlantic spreading system. We find no evidence 
for the effects of the thermal structure in 
the observed field. 
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G[132-fJ7 
Geologic Analysis _~Averaged _Magnet ic Satell ite 
Anomalies 

H. K. GOYAL, R. R. B. VON FRESE (Dept. of Geology 
& Mineralogy, The Ohio State University, 
Columbus, OH 43210) 

J. R. RIDGEWAY, W. J. HINZE (Dept. of 
Geosciences, Purdue University, W. Lafayette, 
IN 47907) 

To investigate relative advantages and limita
tat ions for quantitative geologic analysis of 
magnetic satellite scalar anomalies derived from 
arithmetic averaging of orbital profiles within 
equal-angle or equal-area parallelograms, the 
anomaly averaging process va. simulated by orbi
tal profile. computed from spherical-earth crustal 
magnetic anomaly modeling experiments using Gsuss
Legendre quadrature integration. The results 
indicate that averaging can provide reasonable 
values at satellite elevations, where contributing 
error factors within a given parallelogram include 
the elevation distribution of the data, and 
orbital noise and geomagnetic field attributes. 
Various inversion schemes including the ule of 
equivalent point dipoles are also investigated as 
an alternative to arithmetic averaging. Although 
inversion can provide improved spherical grid 
anomaly estimates, thele procedures are proble
matic in practice where computer scaling diffi
culties frequently arise due to a combination of 
factors including large source-to-observation 
distances () 400 km), high geographic latitudes, 
and low geomagnetic field inclinations. Finally. 
a comparison of averaged scalar anomalies over 
South America taken from the global <2'> HAGSAT 
anomaly map with anomalies derived from a detailed 
analysis of orbital profiles by equivalent point 
source inversion indicates that external field and 
variable elevation effects contribute signifi
cantly to distortion in the <2-> anomalies. 

GP32J)8 
The South-Central United States Magnetic Anomaly 

P.J. STARICH, W.J. HINZE, l.W. BRAIlE (Dept. of 
Geosclences, Purdue University., West lafayette, 
IN 47907) 

A positive magnetic anomaly, which dominates the 
MAGSAT scalar field over the south-central United 
States, results from the superposition of magnetic 
effects from several geologic sources and tectonic 
structures in the crust. The highly magnetic basement 
rocks of this region show good correlation with in
creased crustal thickness. above average crustal velo
city and predominantly negative free-air gravity anom
alies, all of which are useful constraints for 
modeling the magnetic sources. 

The positive anomaly is composed of two primary 
elements. The westernmost segment is related to middle 
Proterozoic granite intrusions, rhyolite flows and 
interspersed metamorphic basement rocks in the Texas 
panhandle and eastern New Mexico. The anomaly and the 
magnetic crust are bounded to the west by the north
south striking Rio Grande Rift, a zone of lithospheric 
thinning and elevated heat flow, in central New Mexico. 
The anomaly extends eastward over the Grenville age 
basement rocks of central Texas. and is terminated to 
the south and east by the buried extension of the 
Ouachita System. 

The northern segment of the anomaly extends east
ward across Oklahoma and Arkansas to the Mississippi 
Embayment. It corresponds to a general positive mag
netic region associated with the Wichita Mountains 
igneous complex in south-central Oklahoma and 1.2 to 
1.5 Ga. felsic terrane to the north. The magnetic 
terrane terminates along a roughly east-west line in 
southern Kansas. . 

A subdued northeasterly extension of the anomaly, 
from southwest Missouri into the Great Lakes region, 
appears to be related to the felsic terrane which 
extends northeast across the Midcontinent. 



GP32.iJJ 
MAGSAT Scalar Anomaly Map of South America 

J.R. RIDGWAY, W.J. HINZE and L.W. BRAILE (Dept. of 
GeoscIences, Purdue University. West lafayette, IN 
47907) 

A scalar magnetic anomaly map has been prepared for 
South America and adjacent marine areas directly from 
original MAGSAT orbits. The preparation of the map 
poses special problems, notably in the separation of 
external field and crustal anomal ies, and in the reduc
tion of data to a common altitude. External fields 
are manifested in a long-wavelength ring current effect. 
a medium-wavelength equatorial electrojet, and short
wavelength noise. The noise is reduced by selecting 
profile~ fr1?m "quiet" per!ods. (Kp :: 3), and s!nce t~e 
electroJet IS confined pnmarlly to dusk profIles, ItS 
effect is minimized by drawing the data set from dawn 
profiles only. The ring current is corrected through 
the use of the standard ring current equation, augmented 
by further filtering with a Butterworth bandpass filter. 
Under the assumption that the time-variant ring current 
is best removed when a replication of redundant profiles 
is achieved, a test set of 25 groups of 3 nearly coin
cident orbits per group is set up for filtering with a 
range of long-wavelength cutoffs, spanning 22 degrees 
to infinite wavelength, to determine which· cutoff best 

·replicates the residual profiles. Replication is deter
mined by linear regression, which results in a correla
tion coefficient. a slope, and an intercept. By using 
these parameters in a triple test, the long-wavelength 
cutoff which best removes the ring current is found to 
be 50 degrees. Profiles thus filtered differ primarily 
in amplitude due solely to satellite altitude dif
ferences. These differences are then normalized by an 
inversion of the profile data onto a grid of equivalent 
point dipoles, and recalculated at an altitude of 350 km. 
The resulting map, when compared to the 2° averaged map, 
shows more coherent anomalies, with notable differences 
in the region affected by the electrojet, and promises 
much in regard to improved geologic interpretation. 

GP32-lQ 
Satellite-El~vation "3 netic Anomalies Over Submarine 
P ateaus: The Ontong-Java Anomaly 

H. FREY (Geophysics Branch, Goddard Space Flight Center, 
Greenbelt, HD 20771) 

Satellite crustal anomaly data shows a prominent 
negative anomaly overlying the Ontong Java Plateau. 
When reduced-to-pole (RTP), POGO data show that the 
anomaly is really positive with a total contrast of 
+14nT between the plateau and deep ocean to the north, 
over which lies a -4nT negative anomaly. Profiles 
acro.s the region show good agreement between topography 
and RTP anoaaly contrast. The available seismic refrac
tion data indicate the Ontong Java Plateau i. at least 
35km thick, which together with a Vp·6.1km/sec layer 
in the crustal section bas led to some debate about the 
nature of the plateau. Three-dimensional models of 
the plateau and its surroundings vere calculated, 
a.suming a simple induction model for the anomaly over 
the plateau. The ana.aly contrast i. well matched 
by a model in which the plateau is simply thickened 
oceanic crust, with .agnetizations in each crustal 
layer identical to that in the corresponding layer 
of the surrounding oceanic crust. Both the positive 
Over the plateau and the negative Over the deeper 
ocean basin at 165OW, .8° are explained this vay. The 
POGO RTP data cannot be matched by an extreme contin
ental model. The great thickness of the plateau does 
not overcome the lower continental susceptibilities. 
and the resulting anomaly over such a plateau would be 
negative. Likewise a "Lord Howe Risen type model in 
~hich an otherwise continental plateau has an altered 
high susceptibility lowest crustal layer, docs not 
satis fy the POGO RTp· data. 
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GP32-11 
Satellite-Elevation Magnetic Anomalies Over Subduction 
Zones: The Middle American Trench 

J. VASICEK (Astronomy Program, University of Maryland, 
--COllege Park, MD 20742 and Geophysics Branch, 

Goddard Space Flight Center, Greenbelt, HD 20771), 
H. FREY and II. THOMAS 

Both POGO and MAGSAT data show several prominent 
signatures ove~ subduction zoneS. Previous work has 
demonstrated that such anomalies could result from the 
magnetization contrast between the cold subducting slab 
and the surrounding nonmagnetic mantle. The Middle 
American Trench is associated with a positive anomaly 
in the satellite elevation data. This paper presents 
a three-dimensional model of this subduction zone. 
The codel is divided into two bodies by the 
Tehuantepec Ridge. North of the Techuantepec Ridge 
a 7 km thick slab dips at about 300 to 150 km depth; 
south of the Ridge a 4 km thick slab dips at about 450 

to 200 km depth. With this geometry a magnetization 
contrast of about 5 AIm produces a 10 nT anomaly in 
agreement with a radially polarized MAGSAT map by 
Hinze et al. (GRL 9, 314, 1982). The model contours 
highly correlate with existing data except north of the 
intersection of the Tehuantepec Ridge and the Middle 
American Trench. In this area. no high quality data 
exists to constrain the geometry of the slab. This 
and other detailed problems observed in the model 
will be discussed. 

GP32-12 
Satellite Elevalion Magnetic Anomaly Contrasts Over 
Continent/Ocean Boundaries 

C.C. SCHNETZLER, H.V. FREY and H.H. THOMAS (Geophysics 
Branch, Goddard Space Flight Center, Greenbelt, MD 
20771 ) 

One surprising feature of the MAGSAT crustal anomaly 
map is the apparent paucity of obvious anomaly con
trasts at the continental/oceanic crustal boundary. 
Such contrasts might be expected if the magnetic 
properties of continental rocks (susceptibility x 
thickness of the source layer) were significantly dif
ferent from oceanic rocks. Continent/ocean crustal 
anomaly contrasts do occur. and are most easily 
recognized in reduccd-to-pole (RTP) data where the 
effects of magnetic inclination do not confuse the 
sign and location of anomalies. We have identified a 
number of cases. Particularly good examples are 
southern Australia, western Antarctica, northeast 
Labrador, the U.S. cast coast anomaly, northwest Canada 
and northeast South America. In all these 
cases, the anomaly. changes from a positive (RTP) over 
the continent to a negative over the ocean. All these 
cases have the continental/oceanic crustal boundary 
oriented at high angles to the local geomagnetic 
longtitude (which enhances the ability to delect an 
edge effect) and to the satellite orbital track 
{which avoids~e along-track filtering effects which 
subdue N-S anomaly structure>. These anomalies may 
be due to an ~dge effect between oceanic and contin
ental crust of different (susceptibility x thickness). 
Magsat measured anomaly field variations above 
boundaries are compared with the field produced by 
models of boundaries with various magnetic field and 
orbit orientations. 

~32-13 
Hagsat Crustal Signatures over the Eastern U.S. 

M. E. RUDER and S. S. ALEXANDER (Pennsylvania State 
University, Dept. of Geosciences, University Park, 
PA 16802) 

A high-quality (Kp less than 2) subset of ascending 
and descending Magsat passes has been analyzed for the 
region 270·-300·W, 20·-50·N, Spectral content of the 
crustal anomaly field is examined for wavenumber 
energy maxima, prominent trends in the transformed data 
and contaminating noise. A filtered data set 1s con
structed, using block averages, at various altitudes. 
Attempts to model the largest anomaly 1n the subset, 



the Kentucky anomaly, using the results of Thomas et 
al. (1981) show that the satellite data cannot resolve 
the three distinct long wavelength aeromagnetic anom
alies. However, 1n order to reproduce the anomaly sig
nature observed at 400 km altitude, all three sources 
must be used in the calculation. Modeling of the Ken
tucky anomaly using different block configurations 
indicates that the total volume of the anomalous body 
together with its susceptibility contrast, not body 
geometry, are the dominant factors controlling anomaly 
amplitude and spatial location. The upper (granitic) 
crust that contributes relatively little to the total 
crustal magnetic field, is thinned in this region of
Precambrian rifting in Kentucky, based on seismic 
information. Its effect can be stripped from the total 
observed anomaly. The remaining signature can then be 
inverted to obtain a value for the magnetic suscepti
bility of the three anomalous bodies that protrude into 
the granitic crust, if the thickness of the magnetic 
crust is known or assumed. If these values are repre
sentative of typical lower crustal rocks, they can be 
used to model thickness of the magnetic crust 1n re
gions of poor seismic control. Spatial variations ir 
the inferred thickness of the magnetiC crust can then 
be used together with other geophysical and geologic 
data to interpret the regional tectonic fabric in the 
eastern United States. 

G'32-14 
Analysis and Use of Magsat satellite magnetic data 
for Interpretation of Crustal Structure and Character 
in the U.S. Midcontinent 

ROBERT S. CARMICHAEL (Department of Geology. Univer
sity of Iowa, Iowa City Iowa 52242) 

ROSS A. BLACK (as above, and Iowa Geological Survey, 
Iowa City Iowa 52240) 

Magnetic anomaly data acquired by NASA's Magsat 
satellite have been processed. analysed. and inter
preted in terms of causative crustal sources (major 
structures, tectonic development. geologic provinces. 
crustal composition and magnetic properties) in the 
central U.S. midcontinent. An optimum data set was 
developed by cleaning, correcting, and correlation 
of the data, reducing to a I'xlo latitude/longitude 
grid at a·common altitude of 400 km. two-dimensional 
filtering, reducing to-the-magnetic-pole. and plot
ting as an anomaly map. The observed satellite ano
malies have a magnitude range up to tl5 nT in the 
region. 

The relationship between these long-wavelength ano
malies and crustal sources 1s investigated for mag
netic highs over Kentucky/Tennessee and NY Texas/Okla. 
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with a zone trending northeast through Missouri to
wards Lake Michigan; for magnetic lows over the Mis
sissippi Embayment/aulacogen, South Dakota, and west
central Georgia; for a magnetic anomaly pattern which 
generally follows and reflects the southern (late
Precambrian) rifted conti~ental margin of the North 
American craton; and for a lack of apparent magnetic 
expression of the Central North American Rift system/ 
Midcontinent Geophysical Anomaly (MGA). 
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'3P32-15 
MAGSAT ~'OMALIES OVER INDIA AND THEIR CORRELA
TIVE STUDIES - D.C.Mishra,NGRI, Hyderabad-7 
~ 
(sponsor: L.S.walter) 

MAGSAT anomaly maps over India and adjoining 
areas are prepared using all the satellite ob
servatio~s over this region. The observed mag~ 
netic anomalies are discussed and analysed us
ing available geological and geophysical in
formation such as Regional Bouguer anomaly, 
crustal thickness, large-scale intrusions, 
heat-flow studies etc. • First order features 
are a magnetic 'h1qh' of the order of 18-20 y 
over central Indian shield extending from 12'N 
upto Indo-Gangetic plains and deflecting to
wards east uptoShillong plateau and a 'low' 
of the order of 2S Y over the Himalavas. 

The magnetic 'high' over the Indian shield. 
covers entire stable portion of the shield 
and extends almost upto continental margins 
dissected by the Gondwana trends of Godavari 
and Mahanadi rift valleys which are compara
tively unstable regions with high heat flow. 
The magnetic 'low' over the Himalayas coincide 
with the Punjab Lesser Himalayas and follow 
the general trends of major tectonic elements 
in this region. This area is further characte
rized by several hot springs sugqestilig a 
shallow Olrie point geotherm. The magnetic 
'high' over the Indian shield is separated 
fran an elongated 'high' over Saurashtra 
shelf by a comparative 'low' coinciding with 
Aravali Ranges and extending below Deccan 
Trap upto 16-N. This might be another region 
of shallow Olrie point geotherm as also sug
gested by high heat flow measurements at a 
specific· point. A magnetic 'low' in vertical 
intensity is observed in the Indian ocean east 
of Comorin Ridge which might be indicative of 
a thick crust. An equivalent source magnetiza
mhap andia d~th contour map of Olrie pointgeo. 
t ~rm w 11 ~ presepted. 
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Appendix 3 

Current Publications on Research Associated with 

NASA Geodynamics Program 

The following were provided by investigators associated with the Program 
in response to a request for references to their recent papers (or those 
of their collaborators) in this field. 
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Report, No. 19, Delft Univ. of Tech., 1983. 
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