








































































































4. SPECIFIC ACCOMPLISHMENTS
4.1.5° x 5 Gravity Map of the World

The Bureau and WG1 members (at GSC) have prepared a 5 x 5 gravity map of the whole world.
BGI produced the part of the basic grid over land areas (Bouguer anomalies) while GSC prepared the
oceanic part (free-air). It will be published at the end of 1991.

4.2, Geold over Gibraltar

Computation of a gravimetric geoid over the straight of Gibraltar area (before the establishment of
the International Geoid Service), in the context of the fixed link project. Results were presented at the
second Symposium devoted to this project in March 1989. Geoid heights were in good agreement with
satellite Doppler and survey derived quantities at control points.

5. EVALUATION OF THE WORKS

6. PUBLICATIONS

Bulletin d'Information : June 1987 (n° 60) 125 pages
Dec. 1987 (n° 61) 170 pages
June 1988 (n" 62) 165 pages
Dec. 1988 (n" 63) 108 pages
June 1989 (n” 64) 59 pages
Dec. 1989 (n” 65) 168 pages
June 1990 (n” 66) 63 pages
Dec. 1990 (n" 67) 219 pages

BGI holdings, Data Base Coverage : Aug. 5, 1987
Aug. 5, 1989
Sept. 4, 1990

1° x 1° statistics of gravity measurements : Aug. 5, 1989

Sept.4, 1990

catalogue of Maps : Sept. 4, 1990
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Other:

Balmino G., D. Lamy, M. Sarrailh, D. Toustou, N. Valés : Calcul d’'un géoide gravimétrique sur le
détroit de Gibraltar, Int. Symp. on a fixed link over the Gibraltar straight, Proceedings, Madrid,
1989.

Toustou, D. : Numérisation de la carte GEBCO au Bureau Gravimétrique International, Bull.
d’Information de FIGN, n* 130, 1988.

Toustou, D., M. Sarrailh : Chaine de validation interactive de données gravimétriques DIVA,
Technical Note n® 10, April 1989.
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Report of Working Group 1 (Data Processing)
to the
Meeting of the BGI Directing Board
Vienna, Austria; August,1991

Chairman: R.K.McConnell

A. Bouguer Gravity Map of the World

Over the past year the 1:50,000,000 Bouguer Gravity Map of the World compiled
from BGI data holdings was completed at the Geological Survey of Canada.

The map was intended to illustrate the extent of gravity holdings at the International
Gravity Bureau (IGB) as of June, 1990. These data were contributed to the Bureau over
the past 40 years by member countries of the International Gravity Commission of the
International Association of Geodesy.

The basic data set over land was a 5’ x 5’ Bouguer anomaly grid compiled by
M. Sarrailh of the IGB from 1,831,056 discrete observations derived from 2233 sources.
The grid values were computed as simple arithmetic means weighted as the inverse
square of the distance to a radius of 20'. Over oceanic areas the basic data set was a
15" x 15 satellite altimetry based Free air grid (Balmino et al., 1987). All data are referred
to IGSN71 datum. Bouguer anomalies were computed on GRS67 using a rock density of
2670 kg/m® on land and densities of 2990 kg/m® and 1030 kg/m® for rock and water
respectively over the oceans.

The 15’ x 15’ satellite Free air grid was used in conjunction with the ETOPO5 5’ x 5’
ocean bathymetry grid, obtained from the National Geophysical Data Center in Boulder,
USA, to compute a 15’ x 15’ Bouguer grid for oceanic areas. This grid was combined
with the 5’ x &’ land data and regridded to 30 x 30 km on a Van der Grinten projection.
Gridding was done by the minimum curvature method with a search radius of 60 km.
Computations associated with map compilation were done by J.D. Rupert of the
Geophysics Division, Geological Survey of Canada, Ottawa.

700 copies of the map were shipped to BGI in May, 1991

B. Marine Gravity Processing Workshop

BGI is currently developing software for marine gravity data processing. A
workshop on this subject, tentatively planned for the spring of 1991, has been delayed
until mid-1992.
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International Association of Geodesy
Bureau Gravimetrique International

- Working Group 2 (WG2) : World Gravity Standards -

Activity report 1987 - 1991

0 Introduction

The work of WG2, based on the terms of reference as published 1988 (WG2 1 988a) was
supported by:

D.E. Ajakaiye, Yu.D. Boulanger, J.E. Faller, H. Hanada, J. Mikinen, I. Marson, K.
McConnell, G. Peter, G. Balmino, A. Kiviniemi, I. Nakagawa, H. Roeder, H.-G. Wenzel.

The activities of WG2 were reported repeatedly, e.g. (WG2 1989); they include:

1 Standardization:

For the ’International Absolute Gravity Basestation Network (IAGBNY, WG2 published,
after the previous basic proposal by Boedecker/Fritzer (1986), including e.g. site selection
criteria,

- Absolute Gravity Observations Data Processing Standards and Station Documentation
(WG2, 1988b)

As was emphasized from the beginning, all standards are working standards which have to be
updated from time to time. For the above standards an update is necessary in the near future
in particular with respect to the earth tide reduction.

- Absolute Gravity Observations Documentation Standards (WG2, 1991)

In the preceding discussion one major point was the question whether all single drops should
be stored or some representative 'normal’ observations. Finally it was decided to recommend
the storage of each drop, because the total amount of data is not that big compared to other
types of geodetic observations and because different instruments would lead to different
preferences for 'normal observations’.
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2 International Absolute Gravity Basestation Network IAGBN

2.1 Advancement of JAGBN-A:

In the original proposal (Boedecker/Fritzer 198G), 36 station locations worldwide had been
named 'TAGBN subset A,

Of these, the following 17 had been prepared and observed by at least one absolute meter; the
station documents were published in WG2 1989: Penticton, Yellowknife, Schefferville
(Canada), Tucson, Fort Davis, International Falls, Rolla, Great Falls (USA), Nuuk
(Greenland), St. Elena Uairen (Venezuela), Brasilia (Brazil), Tandil (Argentine), Sodankyld
(Finland), Wettzell (Germany), Antananarivo (Madagascar), Nanning, Beijing (China).

Additonal stations:

Madrid /Valle de los Caidos (Spain) had been observed earlier; station description attached.
Syowa (Antarctica) has been prepared, observations are carried out in 1991 by Japanese;
station description attached.

Fairbanks (USA/Alaska): Station has been prepared and observed by US-NGS; station
description attached.

McMurdo (Antarctica): Station *Terra Nova Bay’ close to McMurdo Base, has been prepared
and observed by Italians in 1991; station description will be available soon.

Moscow (USSR) and

Novosibirsk (USSR): Absolute station observations will be published in the 1991 IAG
National Report of the USSR. It is expected that station descriptions will be available and it
is hoped that observation campaigns by foreign groups will be possible in the near future.
Midway (USA): Midway has not been observed yet, but the US have carried out observations
at the (geologically) younger islands of Kauai, Maui and Oahu in the Hawaii island arc. It has
to be checked, whether one of these may qualify for a IAGBN-A station or whether an
observation on Midway can be expected.

Of the remaining stations, the locations in Australia have been visited; reconnaissance report
available. Further action would require the support of Australian bodies; so far, there was nc
positive response.

For New Zealand, a lack of funds was reported.

For four proposed stations in mainland Africa, no action took place; a station in Madagascar
had been observed earlier by Russians. For Tamanrasset (Algeria), Bamako (Mali) and
Gabarone (Botswana), initial contacts and information exist which did not lead to activities so
far.

For Kerguelen (France) in the South Indian Ocean, Prof. Louis (Montpellier) had been
contacted but did not respond. Information on local facilities exist and are positive.

Despite some correspondene, there seems to be little hope for observations in India and
Arabia in the near future.
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2.2 Advancement of IJAGBN-B

A great number of absolute observations worldwide have been carried out and published.
A listing of the BGI holdings presents about 150 absolute stations as of 1987.
Personal reports received recently present:

G. Peter / US-NGS: Absolute observations at 12 stations worldwide and at 49 stations in the
US 1987..91.

I. Marson / Trieste and IMGC / Torino: 7 new stations (predominantly at laser- and VLBI-
sites) in Italy and Antarctica.

A. Kopaev / Univ. Moscow: 7 absolute base stations in the USSR will be published in the
1991 USSR National Report for the IAG Vienna.

R. Roeder / IfE Hannover: Observations at 37 stations worldwide 1987..91.

J. Liard / EMR Ottawa: Observations at about 25 stations in Canada should be available by
NOW.

M. Ooe / NAO Mizusawa: Observations at 11 stations in Japan since 1982.

J. Mikinen / FGI Helsinki: Observations at 14 stations worldwide 1987..90.

D. Ruess / OBEV Vienna: Numerous stations, predominantly in Austria.

The numbers include also observations at IAGBN-A stations; the list is not complete.

Groups doing absolute observations are asked to report their results and station descriptions
for IAGBN-A to WG2, all obervation data and the descriptions for IAGBN-B directly to the
BGI, using the standards developed by this Working Group. As of September 1990, the
Director BGI reported poor response to his request for absolute data. '

Please send your absolute observation data to BGI, observing the standards.

Colleagues from various contries are interested to have absolute observations in their country
and shall provide local support, e.g. Mongolia, Egypt and Libya.

In general, the advancement of IAGBN has been beautiful even more because the results of
the absolute meter comparison campaigns show an improved agreement between different
instruments; this should be an indication also of improved accuracy.

For this reason, the efforts put into experiments and comparisons in the past, now should be
put into more observation activities at JAGBN stations, which also permit comparisons
between different meters.

Therefore, on behalf of WG2, 1

CALL FOR OBSERVATIONS AT IAGBN-(A) STATIONS.

In particular, Africa needs absolute observations, because there is no absolute gravity meter
on the whole continent.
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3 Cooperation with the International GPS Geodynamics Service (IGS)

From the very beginning it has been claimed that the IAGBN sites also be monitored for
geometric changes in a global network, therefore one site selection criterion was the link to a
space geodetic site. This viewpoint gains new importance with the IGS project and WG2 has
recommended for the IGS stations site selection to give preference to existing IAGBN
stations. C.f. copy of a letter to prof. LI. Mueller attached.

4 Maintenance of IGSN71 / Regional Networks

A revision of IGSN71 stations is underway, guided by the regional subcommissions of the
International Gravity Commission; details can be found in the reports of the regional
subcommissions and the BGI-director.

In accordance with the policy of the IGC since the early 1980’s and in view of the increasing
number of precise absolute observations available worldwide, no readjustment or renewal of
the IGSN is envisaged in order to provide world gravity standards. Instead, national and
regional networks are continuously updated and improved. Examples for extended works are
US, China, Europe. Despite a few activities, the situation in Africa appears unsatisfactory.

Gerd Boedecker, Chainman Working Group 2, BGI

References:

Boedecker, G.; Fritzer, T.: IAG-SSG 3.87: International Absolute Gravity Basestation
Network, Status Report March 1986. Verdff. Bayer. Komm. {. d. Internat. Erdmessung, Astr.-
Geod. Arbeiten Nr. 47, Miinchen 1986

WG2 1988a: Terms of Reference, BGI Working Group 2 - World Gravity Standards, as
revised June 24,1988. BGI-Bull. d'Information no. 63, 1988, p. 29.

WG2 1988b: International Absolute Gravity Basestation Network (IAGBN) - Absolute
Gravity Observations Data Processing Standards and Station Documentation. BGI-
Bull.d’Information no 63, 1988, p. 51..67.

WG2 1989: Status Report on the “International Absolute Gravity Basestation Network". BGI-
Bull. d’Information no. 65, 1989, p. 50..71.

WG2 1991: Absolute Gravity Observation Documentation Standards. BGI-Bull.
d’Information no. 68, 1991, p. 76..78.

Enclosure:
- 3 descriptions of IAGBN-A stations not published so far.

- Copy of a letter to prof. I.I. Mueller re. IAGBN-IGS
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International Absolute Gravity Basestation Network (JAGBN)

Station Location: ~ Syowa Station Country: Antarctica .
@= 69°00'19"S A= 39°34'52"E L= g=
. . . \ 078, 38,
Overview / Access / Outside View / Topo Map ° . tgo_goo 0 40 m (6205, 336)
Anlema Is. Syowa Statien

The absclute gravity station is
located in the gravity observation
hut at Syowa Station, East Ongul “"N*NWW““W
Island, Antarctica. G shows the: S
planned location of the hut in
Syvowa Station. Access to the
station-.-can be done at present only
by the Icebreaker “"Shirase", which!
transports the Japanese Antarctic
Research Expedition.

nm Tunsmluhg Fac

Remarks / Station Ideatity / Contact
The hut is under construction at the date of 20 January 1991.
The planned hut has the concrete base of 2.5 m by 1.5 m for the
absolute gravity apparatus, with a marble plate of 1.0 m by 1.4 n:
placed at the center of the base. At the center of the plate,
brass disk of 8 cm diameter with a cross is buried. Station
designation is IAGBN{A) SYOWA STATION JARE32 1991.
Station contact: Earth Sciences Division
' National Institute of Polar Research,

Kaga 1-9-10, Itabashi-ku, Tokyo 173

Tel 3962-4711 Telefax 3962-5741

Detailed Sketch (North? Station Marker?) / Photograph

Door direction to the Entrance Room may be changed depending on
the construction condition.
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Dau://unhor 20 January 1991, Kazuo Shibuya
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International Absolute Gravity Basestation Network (IAGBN)

tation Location:ya £ D L0S CAIDOS (madrid) Country:  spaIn

= 400 38" 57" N A= 42.08'36" W H=1212,4 fil. E= 9,79884900 m.s~2
Jverview / Access / Outside View / Topo Map

The station is located at the gravity labo- 97 .

ratory Valle de los Caidos, placed 45 km. / é’“ﬁ/@ )) 1 8D ,’F/ 3
north-west from Madrid. It has a very good )

access by car.

Remarks / Station Identity / Contact
Pbsolute Gravity Station n2 002

Dr. R. Viefra
Instituto de Astronamia y Geodesia
Facultad de Ciencias Matemiticas

o THIRID Tel. (91) 3 94 45 &

FAX. {91) 543 94 89
TELEX. 41802 UGMATE

Jetailed Sketch (North? Station Marker?) / Photograph
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Date / Author  gpero 1991 Dr. R. VIEIRA
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International Absolute Gravity Basestation Network (JAGBN)

Station Location: o irbanks, Alaska Country: (pited States of America
o= 64° 53" 57" N ©oA=147° 47" 41" W H= 314 m g=1982 198 148 x 10—8ms—

2

Overview / Access / Outside View / Topo Map

station is at the USGS College Observatory
Seismic Vault. From the intersection of
routes AK 2 (Richardson Hwy.) and AK 3
(Parks Hwy.), go west on AK 3 for 3.5 miles
(m) to University Ave. Turn north and go
6.4 m\ Turn left on Grenac Road. Go 1.0 mi
and turn left up a dirt road 0.35 mi to
station on left.

Remarks / Station Identity / Contact

Contact USGS Haghetic Observatory at 907-
479-6146. gtation designation is
FAIRBANKS AA. The station mark is a 3/4"
brass disk set by NOAA/NGS. :

4—wheel drive road to Grenac Road —>

N — ~ —— —— —— ——— —— S -—_
1

Detailed Sketch (North? Station Marker?) / Photograph k i

Station is ‘in seismic vault on top of Pier x /‘\/

£2 in central room, 1.8 m west of east /’Tj 7~

wall, 1.0 m north of south wall, 0.52 m SW

of interior corner of raised, isolated, L= rtonte veate

shaped pier and over mark epoxyed flush e 90 (

into pier. - /

L — Nk~

Seismic Vault

pier £l /_ N
i - s

|
7

TR O

i Piét g3

Date / Author 10 September 1990 Bernard/Winester
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International Association of Geodesy

PERNATIONAL GRAVITY COMMISSION - WORKING Gnrour 1J: WonrLbd GRAVITY STANDARDS

Prof. Dr. Ivan L. Mucller

Dept. of Geodetic Scicnee and Surveying
The Ohio State University

1958 Neil Ave.

Columbus - Ohio - 43210-1247

March 12th 1991

Re: Intcrnational GPS Geodynamics Service (1GS)

Dear Prof. Mueller,
I refer to the 'Call for Participation” dated February 1, 1991,

My comments shall contribute to the question of 'Observatories’ and to the application to global geodynamics; |
shall not comment on the "Data and Analysis Centers’ or the "Central Bureay’.

The more 2 network for geodynamic studies becomes a really global one, the more it is possible to take into
consideration not only tangential position changes such as plate motions but also radial deformations. If onc wants
Lo relate these to geophysical processes, it is nccessary to take into account also gravity (changes). This is one of the
objectives of the ‘International Absolute Gravity Basestaticn Network® IAGBN.

The idea of JAGBN orginates from Levallois, Mather, Uotila and many others, a proposal including objectives,
rationale, station selection criteria and proposcd station sct of 36 stations was submitted to the IGC and IAG and
endorsed 1989. More than 50% of the sites were observed, currently observations are underway in the Antarctic by
Japanese and Italians. At various siages reconnaissance and/or talks are underway for additional stations. For your
convenient information, I again send you reports oa TAGBN.

AsIsze it, IAGBN and 1GS-projects are

- similar in that botl provide services to the respective obscrvation systern (1GS: GPS; IAGBN:
gravimetry) but also offer investigation [acilitics to global geodynamics (IGS: position changes; IAGBN:
gravity changes).

- complententary in that 1GS should include gravity variations monitoring and LAGBN should include
position monitoring.

- parallel in that they arc both aiming at a reasonably global coverage with a limited number of stations

- . parallel in that at least for a subsct of IGS the more stable parts of the crust should be selected as was
the case for IAGBN

- different in that permancnt GPS obscrvatorics requiére data links to analysis centers cle., whereas the
obscrvations frequency and data quantity of absolutc gravity obscrvations is quite Jow.

Con._scquc.ntly, [ offer, through this Working Group I, a link for the cxchange of data and information to the
gravimetric community as far as global reference nctworks arc involved.

Kind regards

0. e

Dr.-Ing. Gerd Bocdecker

¢/o Bayerische Akademic der Wissenschaften,  Murstallplatz 8, 1D-8000 Miinchen 22, Germany F.R.

s A

Velex 5 213 530 dph d EARN/BUTHNET nodeDROLINZ01 1dA2101IAD
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REPORT OF THE IGC - WORKING GROUP V :
MONITORING OF NON-TIDAL GRAVITY
VARIATIONS

PREPARED FOR
THE XXTH GENERAL ASSEMBLY OF THE IUGG
VIENNA, AUGUST 11-24, 1991

BY

Ch. POITEVIN

CENTRE DE GEOPHYSIQUE INTERNE (CGI)
OBSERVATOIRE ROYAL DE BELGIQUE
AVEVUE CIRCULAIRE, 3
B-1180 BRUXELLES
BELGIUM
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Introductory Note

This report has been prepared for the XXth General Assembly of the IUGG in Vienna,
1991. It will be distributed during the meeting of the Directing Board of the International
Gravity Commission which will be held during this Assembly. It will be sent to all members of
WG5S and the informed persons as part of Circular Letter n° 8.

It comprises:
e this introductory note;
o the one (and a half) page report requested by the IGC;

e Seven reports prepared thanks to the willingness of some WG-members. They are pre-
sented in their original form in order to respect the integrity of the ideas of their authors
that a synthesis could not achieves;

e For information, a report prepafed by the IFE-Hannover for the IGC-WG II that can be
interesting for WG 5 (Bis repetita placent, Haec decies repetita placebit);

e The table of contents of the proceedings of the workshop (annex 1): ”Non Tidal Gravity
Changes: Intercomparison between absolute and superconducting gravimeters” that has
been sent to each of you (800 copies) at the beginning of August 1991 ( So, please, wait
until September before to ask for your own copy if you did not yet receive one);

© An updated list of IGC-WG5 members (annex 2);

e An updated list of informed persons {annex 3).

Before to close this introductory note, I would like to inform you about some news which
have not been communicated as activity reports: -

o There is now a superconducting gravimeter in Italy and they are organizing their first
intercomparison using the IMGC instrument;

e Some new improvements have been performed on the superconducting gravimeters. The
me:ling list of WGS5 has been sent to the maker GWR in order that everybody be informed

in the future.

I think that the IUGG G.A is the opportunity to organize an informal meeting to decide
the future of the WGS5. An information sheet will be distributed in your pigeon box at the
beginning of the G.A. with all the informations.

At last, I would like to thank all my colleagues who have contributed to this report. I hope

that their action will contribute to the reinforcement of the gravimetric community.

C. POITEVIN
Chairman: WG5
August 8, 1991.
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Report of the IGC-WGS: “Monjitoring of Non-Tidal Gravity Variations™

The IGC-WGS was created during the XIXth IUGG General Assembly in 1987. The
IAG resolution n®4 has been adopted at that time to support the work of WGS.

The Terms of Reference of the IGC-WGS are in brief:

“to link together the existing and future superconducting gravimeters in a
network monitored by absolute gravimeters in order to study residuals, after
removal of the tides, for geophysical interpretation, leading to the
monitoring of non-tidal gravity variations at a global scale”.

The basic ideas underlying the creation of IGC-WG5 refer to the fact that
there exists now two kinds of high precision gravimeters:

— the sbsolute gravimeters (AG) which now reach a precision of 10® and
are transportable;

- the superconducting relative gravimeters (SCG) which are site—fixed
reaching a long term precision of 107° and measuring continuously. The
main advantage compared to spring gravimeters being a very low and
quite regular drift.

(More details can be found in: Rep. IGC-WGS, Bull. Inf. BGI N°67, pp 45-58,
Dec. 1990).

A direct collaboration has been established between different teams to
intercompare AG with SCG, for instance: in Canada, in USA (in cooperation with
Germany), in Europe (Finland, Germany, Belgium, France). A sub-UWG5 has been
created in Japan (3 AG, 5 SCG). Most of these experiments are in the starting
stage.

An informal meeting of WG5S took place in Walferdange (G.-D. iuxemburg) in
December 1987 (17 participants) and has been reported in the circular letter
n°2 of the WG.

In collaboration with the European Centre for Geodynamics and Seismology
(ECGS), the IGC-WG5 organized in September 1990 a 3-days Workshop (35
participants, 18 communications) entitled: “Non Tidal Gravity Changes:
Intercomparison between absolute and superconducting gravimeters®™. The
proceedings of this workshop (250 pg.) has been distributed at the end of July
to all the persons of the IGC-WG5S and the BGI mailing lists, spare copies are
available on request® (800 copies).

These proceedings are representative of the scientific works of the IGC-WG5
members (see Table of Contents in annex 1).

Considering the high scientific level and the success of this Workshop, a
second one is scheduled for 1992 or 1993.

Another way of communication amidst the WG is by means of circular letters.
During its last annual meeting on September 1990 in Toulouse, the Directing
Board of the BGI asked "that WG5S collect data from sites where colocated
superconducting and absolute gravimeter measurements have been made and to
take appropriate action to ensure that these data are preserved in a central
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location for posterity”. The IGC~WGS Circular letter of February 28, 1991 is
a first attempt to clarify this matter . The answers show that absolute
gravity measurements could easily be released (Finland, Germany, USA, China)
while it seems more difficult to obtain for the superconducting data (Canada,
Japan). The data exchange format remains one of the first problem to solve.

AT last, a project proposed by cur Canadian colleagues, the Global Geodynamics
Project (GGP) presented during the WG5S workshop, deserves a special attention
as it meets some objectives of the IGC-WGS (see proceedings of the workshop).
This project will be discussed during the IUGG General Assembly in Vienna. It
is hoped that most of the WG5S members will participate to the discussion.

C. POITEVIN
Chairman IGC~UGS.

June 15, 1991.

to . Secretariat ECGS c¢/o Mrs JEAN
Observatoire Royal de Belgique
Avenue Circulaire , 3
B ~ 1180 Bruxelles Belgium
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CSGI project - D. Crossley, McGill University

Report for Canadian Geophysical Bulletin, 1990

also proposed as :

Activity Repart 1987-1991 to IGC-WG 5

The CSGI (Canadian Superconducting Gravimeter Installation) is a cooperative project
between a consortium of Canadian universities (principally McGill, University of Western
Ontarion and Saskatchewan) and the GSC (principally the Geodynamics Division, Ottawa).
The project runs a GWR superconducting gravimeter at the Canadian Absolute Gravimeter
Station (CAGS) in Cantley, Que. in the Gatineaux Hills north of Ottawa.

The instrument began operating on 7 November, 1989. There were initial problems with the
recording software which have now been successfully resolved. We currently sample gravity
at 1s intervals, with a time accuracy of about a millisecond. This can be compared with
the instrument at Wettzell (operated by the Institute for Applied Geodesy, Bavarian Forest,
Germany) which has a sample interval of 10s, with a timejitter of 1sec. We sample the
atmospheric pressure at 0.1Hz, and 29 other environmental and instrumental parameters are
recorded every one minute.

The unique character of the CSGI is that it is a cooperative effort, with several groups
across Canada having ready access to the raw data. As a direct consequence, we were able
to undertake a2 wide range of investigations, individually and in cooperation, very shortly
after the data acquisition began. In addition the CSGI project has been integrated into
the Canadian absolute gravity programme in the Geophysics Division of the GSC through
a campaign of simultaneous observation for several months each year. The two instruments
together provide a gravity reference system of very high quality.

Current CSGI Projects

1. Earthquake Studies (University of Western Ontario).The SG is a highly sensitive
accelerometer. A large number of normal modes have been identified and decay rates
plotted. Q for individual modes has been calculated. The present aim is to establish
the lower bound on earthquake magnitude for normal mode excitation and to search
for the gravity signatures of slow and silent earthquakes.

2. Calibration with Absolute Gravimeter (Geological Survey of Canada). One long
calibration run with the JILA-2 Absolute Gravimeter concluded in March, 1990. Anal-
ysis of both datasets have provided a set of calibration constants, based on prominent
tidal peaks. We are currently re-analysing the data to determine the improvement in
calibration confidence interval with the length of comparison time between the two
instruments.

3. Theoretical Earth Tides (University of Saskatchewan) The theory of the fluctuations
of the mutually attractive force between the Earth and neighbouring massive bodies
have been refined to provide theoretical values to the 60 nanogal level in support of
the analysis of CSGI data.
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4. Core Oscillations (York University, McGill University, Memorial University). These
studies aim at providing the periods and amplitudes of internal gravity oscillations and
wobble modes of the core for realistic Earth models.

Data Repair and Reduction

To date this has been carried out at 2 centres, the University of Western Ontario (UWO)
and Geological Survey of Canada (GSC). Protocols have been developed both at UWO and
the GSC to repair missing or rejected sections of a time series. The rejected sections are pri-
marily due to clipping and non-linearity induced by large surface waves due to earthquakes.
The UWO repair method is novel in that it attempts to produce a continuous series, with
minimum effect on the amplitude spectrum. At UWO and McGill University, data recording
and transmission software is being been developed. Currently the raw data is being placed
on line from McGill University for Canadian access.

Status and Future

The CSGI Infrastructure Grants from NSERC has just been renewed for another 3 years, thus
ensuring the continued operation of the installation. We are planning to install a WORM
archival system for the raw and processed data and to finish documenting the elaborate data.
acquisition system that was written for this project. ~

A new global gravity monitoring programme is being prepared, the GGP (Global Geody-
namics Project) and it is expected to bé endorsed as a project of SEDI (Study of the Earth’s
Deep Interior) at the IUGG in Vienna this summer. This project will coordinate the 11
existing and any future SG instruments into a global 6-year campaign to monitor the gravity
field with very high precision. The main scientific objectives of GGP are the search for
internal gravity waves in the Earth’s core, refinement of the position of the rotation pole,
quantification of the effects of global atmospheric pressure loading and mass re-distribution
on the solid Earth, searching for slow and silent earthquakes, and analysing the gravity
changes associated with tectonics, sea-level changes and post-glacial rebound.
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OVERVIEV OF ABSOLUTE MEASUREMENTS OF THE GRAVITY ACCELERATION I CHINA

Guo hy Youguang
National Tnstitute of Metrolagy - Beijing

Praposed as ! Activity Report 1987-1991 to IGC-HG 5

During these four last years the HIN—I transportsble absolute gravimeter
has been improved in our laboratory. An iodine stabilized He—HNe leser,instead
of Lamb deep stabilized He—HNe laser. has been used as the light source in our
Hichelson interferometer and. provided a length standard. In order to reduce
the effect of background disturbance a nev method for processing data has been
developed. Vith the improved absolute gravimeter KIN—1II. ve participated in
the Third International Comparison of Absolute Gravimeters at the BIPH. The
intercomparison results gives a value for the aversge of all measurements
vhich differs from our transferred value by 6uGal. It is better than our
results in the Second International Comparison of Absolute Gravimeter.

After the Second ICAG absolute measurements of the gravity acceleration
made a beginning vith the KI{—II absolute gravimeter in China. During the
last fev years the instrument vas driven a total distance of approximately
28000 Km(more than half of the distance was by small van, the other by train).
About twenty five absolute gravity stations have been established vhich are
located in Xinjiang, Yunnan, Heilonjiang, Jilin. Liaoning, Zhejiang, Jiangsu
etc. province and Shanghai city. The uncertainties of around 1X1077a/s® have
been attained at each of these stations. A comparison vith results from
observations perforsed vith the Germanic JILAG—3 absolute gravimeter shoved
a good agreement in five stations. The gravity differences betveen these
results vith tvo kind of absolute gravimeter are less 11uGal in five station.
There is another comparison between these results obtained with our HIH—1II
instrusent and Finish JILAD—5 absolute gravimeter. The results shoved a good
sgreement too in three stations (less than 13uGal). At the same time 2 long
gravity calibration line has been set up vhich from Harbin through Beijing
to Kunming has the gravity difference 2201X10™%w/s2. The RIN—1I aebsolute
gravimeter also has been used for establishment of two short eravity
calibration lines on the mountains. One is located near by Beijing (246%107°
#/s%), another is located near by Kuming (116X10~%a/s?). '

In order for investigation in earthquake prediction the monitoring of
non tidal gravity variations has been sade vith NIK—II absolute gravimeter at
Yiangshan station in the vicinity of Beijing. Ve have collected the data of
absolute gravity from 1836 to 1990.

But I regret very much, this project and all measureeents of absolute
gravity vith NIH— I instrusent in China went to a stop for lack of finance in
19091. Because my laboratory belong to the Hational Institut of Hetrology. How
ve have no a chance to get money for investigation in geophysics.
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bhsolute gravity deterpinations at {lansshan station
$=38.9° A4=118.2° H=i8d4s El.h=0  de/dh=275

Ko Epoch c Deoth of
, (uél) ground Vg‘wf‘

1986/03/11 | 980 129 252
1887/07/20 | 980 120 278
1987/08/28 | 980 129 271
1987/09/28 | 980 120 277
1988/03/13 | 980 129 275
1683/03/14 | 980 129 270
1988/04/23 | 980 129 259
1988/05/13 | 980 129 2685
1988/08/17 | 980 120 272
1988/08/25 | 980 129 282 2.68 1

@ OO [ =) | D] | | €| B ] bt

oy
=3

11 | 1988/09/08 | 980 129 278 3.8=a
12 | 1989/07/20 | 980 129 280

13 | 1030/08/15 | 980 129 273 5.15 8
14 | 1980/09/15 | 980 129 281 5.3 =
15 | 1980/10/18 | 80 120 281 7448
16 | 1880/12/28 | €80 129 278

17 | 1990/05/31 | 980 129 258¢

18 | 1800700/30 | 980 120 262 6.08 m
19 | 1890/10/12 | 980 120 288

20 | 1900/11/20 | 980 120 268 8.5 s
2 | 1990712403 | 980 120 268

2 | 1990/12/21 | 980 129 289 9.14n
23 | 1991/01/18 | €80 120 272 9.58 =

1. % Yith JILAG-3 absolute gravieeter.

2. No polar motion correction and air pressure correctionapplied.

3. Depth of ground water is from the surface of the ground to the
suface of the ground vater.
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18

Table:( ) Comparison of NIM-

11 observation with observation by IMGC and JILAG-5

HIM-TT THEC JILAGS

Statfon | Epoch g . dg/ Epoch g de/dl : Epoch g Dg
(ugal) (umcll}n) (ugal) (ugal/m) | (ugal) (ugal) (ugal/m) | (ugal)

Bol ji 9.5

el lne | 5.3 | 980 110 564 om.7 | 818 | 980 110 567 3 | 0.8 |980 10 577 2000 | 13

Nanni 2 3 = ]

CIAGBN) | 83.10 | 978 745 984 25 | 81.9 | 978 15 %51 23 | 90.6 | 978 745 687 -302 -3

tuming | 8.3 | 978 347 17 252" | 81.10| 978 347 149 o500 | -m | 0.8 | 918 347 07 250 | 410

Gusnazhou | 83.10 | 678 815 655 | -305 | 81.10| 978 815 709 2050 | 54 | 9.6 |978 815 675 205 | -2

Harbin | 87.7 | 980 637 628 288" 90.5 | 980 637 683 o880 | -2

1. IfE gradient used
2. Taken from Dr. Zou (RISM, China)
3. With NIM-1 absolute gravimeter

4. No polar motjon corection and no a

ir pressure correction applied




YORK BELATED TO IGC WG 5

By J. Mikinen from 1987 to 1990 (1991)

Geodeettinen Laitas

1. Ahsolute/superconducting comparisons

Absolute gravity was measured with the JILAG-5 at the superconducting
sites Brussels and Strasbourg in April/HMay 1989, December 1989, Sep-
tember 1990, and April 1991. All these measurements were referred to
the absolute station Clausthal (FRG). The observations at Strasbhourg
can also be used to calibrate the superconducting gravimeter there. An
attempt was made to detect a possible varjation in the vertical gra-
dient of gravity at Strasbourg (negative result, not published).

2. The gravity effect of subsurface water

was studied in unconfined aquifers in samd/silt and silt/clay soils,
using relative gravimeter (ILR). The importance of soil =sojsture
content (as apposed to groundwater alone), and the 1inadequacy of
precipitation as the sole explanatory variable were brought out. In
sand/silt soil the observed gravity variations were well explained - by
ohserved water storage variations. In silt/clay soil, bafflingly, this
failed. The gravity and gradient effects of surface water (snovw) were
pointed out /1/2/3/.

RTIRLIOGRAPHY

1. J. MEkinen and S. Tettari: Soil moisture and groundwater: two
sources of gravity variations. The XTX General Assembly of the
1UGG, Vancouver, Canada, August 9-22, 1987. BGI Bull. Inf. 62, 103-
110, 1988.

2. J. Mikinen and S. Tattari: The influence of variation in subsurface
water storage on observed gravity. The XI International Symposiuam
on Earth Tides, Helsinki, Finland, July 31 to August 5, 1989.

3. J. Wakinen and S. Tattari : Subsurface water and gravity. Workshop
“Non +tidal gravity changes”. Intercomparison between absolute and
superconducting gravimeters. Walferdange (Luxembourg), September 5-
7. 1990.
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ACTTVITY REPORT 1987-1991 TO IGC-¥G §

hy

G. Peter

National Geodetic Survey - U.8.A.

In about October 1989, John Goodkind's (UCSD-SG) and Bernd
Richter's superconducting gravimeter (IFAG-SG) have been installed
at the Richmond, Florida (just south of Miami) site. We have made
two six~-days-long comparison observations between these instruments
and the NGS JILAG-4 absolute gravimeter (AG); one in March 1990,
and one in September 1990. As the ground water table change
between the two measurement periods was too small to account for
it, most likely the moisture content changes of the %*50il®™ above
the water table caused an increase of gravity of about +6 pGal in
this time interval (SG detected +6.0 uGal, the AG +7.8 uGal). The
UCSD-SG instrument was shut down several times between the
comparisons due to various problems, and our AG meter may also had
a small laser drift during the first comparison (the laser had to
be replaced after this station occupation). John Goodkind reported
these results at your Luxembourg Workshop. We will be repeating
the comparison in June 1991, and we expect that both the SG and the

AG gravimeter will be in better condition at that time. Also, we
now have a detailed water table and soil profile moisture
monitoring program in place. We plan to write paper on the change
of gravity observed with both instruments, with particular emphasis
on the hydrology.

NGS also visited Japan in February-March 1991, and we had a two-
days-long comparison with the Japanese owned GWR SG (and with
several other AGs at Esashi. I was told by Dr. Hanada that his
colleague, Dr. Tsubokawa will report the comparison to you. The
Esashi site is seismically very quiet, and our AG data vere
spectacular.
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Activities of TFAG during 1987-1991 concerning ¥G §

by B. Richter

~ Installation of TT40 in Miami, parallel registration with SCG-a
(Goodkind’s instrument, UCSD).

= Instaliation of TT60 at the satellite observation station Hettzell,
Baverian Forest.

- Improvement of the calibration systea for SC-gravimeter using the
method of artificial accelerations; achieved accuracy 10-4.

- Test of prototype of a portable small SC-gravimeter; seasuring
system downscaled by the factor of 2: weight 35 kg; height 70 ca;
diameter 50 cm.

= Development of new registration systea for PCs, 0S QNX-PC realtime
operational systea - data acquisition: gravity signal every 10 se-
conds, ~environmental channels (air pressure, temperature, etc,)
every 30 - 120 seconds, data links to main fraime coaputers.

Literature :

Richter, B.: Das supraleitende Gravimeter. Dt. Geod. Koem., Reihe C.,
N® 329, Frankfurt 1987.

Richter, W., Zrn, W.: Chandler effect and nearly diurnal free wobble
as deterwmined from observations with a superconducting gravime-
ter. Proceedings of the 128th Symp. Int. Astr. Union, Coolfent
1986, ed. A. Babcock & G. Wilkins, Kluwer Academic Publishers,
Dordrecht 1948.

Richter, B.: Caljbration of Superconducting Gravimeters. Les Cahiers
de 1'ECGS Vol. 3, in press.

Wenzel, H.G., Richter, B.: Precise instrumental phase lag determina-

tion by the step response method. Bull. d’Inf. Marees Terr., n®
91, Bruxelles 1991, in press.
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Report of the Japanese Sub-Working Group for the IGC-WGS

during the Period of 1988-1991

Tsuneya TSUBOKAWA

(National Astronomical Observatory Mizusawa)

In Japan, the National Astronomical Observatory Mizusawa
(NAOM) and the Geographical Survey Institute (GSI) are engaging
in absolute gravimetry with their absolute gravimeters. On the
other hand, S GWR superconducting gravimeters (SCGs) altogether
are, as of May 1991, in operation in 3 institutes: Kyoto Universi-
ty, University of Tokyo and NAOM.

The NAOM has made absolute gravity measurements at 5 stations
in Japan with three types of absolute gravimeters developed by
themselves, during the period concerned [1]. The first model has
worked since 1878 with the standard deviation of about 10 uGals
for a single drop at Esashi. The second one took part in the
Third International Comparison of Absolute Gravimeters held at
BIPM in November 1989, soon after the completion. This gravime-
ter gave almost the same value as the mean of the other 9 abso-
lute gravimeters participated [2]. The second gravimeter has
achieved further improvements, especially for a release mecha-
nism, since the Comparison, A direct comparison of this gravim-
eter with that of the National Geodetic Survey (NGS) was made at
Esashi station in March 1991. The difference obtained Qith two
absolute gravimeters (NGS-NAOM) was 27 uGals.' The NAOM has
also developed the third absolute gravimeter with a rotating

vacuum pipe, for realizing long-term continuous observations. A
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test of one-week continuous observations with this gravimeter has
succeeded in March 1991, The amplitude of four principal compo-
nents of gravity tides have been determined using the data ob-
tained. Developments of the gravimeter are going on for detecting
the secular or long periéd gravity changes.

The GSI has carried out absolute gravity measurements at §
stations with the transportable absolute gravimeter of modified
Sakuma-type during this period. The precision of absolute
values obtained was better than 10 zGals. Repeated grav{ty
measurements at Tsukuba have revealed that the repeatability of
the gravimeter was better than 8 uGals. Results of the direct
comparison with the NGS absolute gravity meter at Tsukuba showed
an excellent agreement within 1 £Gal. The GSI has also con-
ducted relative gravity surveys for the first-order gravity
network, which consists of about 300 gravity stations and is
linked to 13 absolute gravity stations. Those surveys are to be
repeated every 5-7 years to detect possible gravity changes due
to vertical crustal movements {3, 4].

A new absolute gravity station has just established in January
1891 at Syowa Base, Antarctica. The station corresponds to the
proposed one in the A-set stations of the International Absolute
Gravity Basestation MNetwork (IAGBN). The first series of abso-
lute gravity measurements there is to be executed by the GSI with
its gravimeter in January 1982. The second series will be made
by the NAOM with 2 absolute gravimeters of their second and
third models in January 1993.

Department of Geophysics., Kyoto University, installed 2 SCGs

(Model TT-70 Nos.8 and 9) by turning to the direction of 90 de-
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grees in the same room at the Department in July 1888. Continu-
ous observations with these SCGs have continued for precise
investigations on the tidal change of gravity. Non-tidal gravi-
ty changes accompanied with atmospheric pressure changes were
also investigated using them [5].

The NAOM continued tidal observations with the SCG (Model TT-
70 No.7) at the Esashi Earth Tides Station in February 1888 -
August 1888. However, the repair of the gravity sensing unit
required the interruption of records for about one year. The
observations restarted in October 1890. Compared with the previ-
ous records, records obtained by the repaired sensing unit showed
a good quality with a very low drift rate.

Ocean Research Institute, University of Tokyo has conducted
SCG observations with TT-70 No. 11, at Kakioka since October 1989.
The main objective of the observations is to detect the gravity
changes associated with the free oscillations of the earth. The
observations are scheduled to be continued at least for 3 years.

An observation project in Antarctica using a SCG is promoted
by four institutes in Japan. The SCG (Model TT-70 No.16) and a
helium liquefier to be used for this project have tested, soon
after the installation in the gravity room at the NAOM in March
1881. The test of the liquefier was accomplished in the begin-
ning of May. The liquefier has proved to be efficient to make
enough amount (100 liters) of liquid helium necessary for setting

up the SCG in Antarctica.
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Activity Report to IGC-WG V
1987 - 1991

by H.-G. Wenzel, Geodiatisches Institut, Universitat Karlsruhe

1 Feasibility Study for the Calibration of a Supercon-
ducting Gravimeter by Parallel Recording with an
Absolute Gravimeter

In order to investigate the possibility of calibrating a superconducting gravimeter by parallel
recording of earth tides with an absolute gravimeter, a two days experiment of continous
absolute gravity observations (one drop every 12 secs) has been performed in December
1987 at Institut fir Erdmessung, Universitit Hannover, with the free fall absolute gravi-
meter JILAG-3. The observations have been performed during the weekend with medium
tidal variation (900 nm/s? peak to peak) and wind induced microseismic noise of about 700
nm/s? standard deviation per drop. By averaging over 400 drops, the standard deviation
is decreasing to 30 nm/s?. The ms discrepancy to tides computed from the CTED tidal
potential development using observed tidal parameters was 20 nm/s?. The adjustment ofa
linear scale factor between the absolute gravity observations and the computed tides gave a
standard deviation of about 1% for the scale factor, showing that the capability of present
day (1987) absolute gravimeters of J ILAG type to calibrate a superconducting gravimeter is
only 1% under similar conditions.

Reference : WENZEL, H.-G. : Results of a Test Experiment to Record Tides with an
Absolute Gravimeter. Presented to 66% JLG Meeting Walferdange, March 14-15, 1988.

o Calibration of the Strasbourg Superconducting Gra-
vimeter T'T60 by Parallel Recording with LCR Mo-
del G Gravimeters

In 1990, an experiment has been carried out to calibrate the superconducting gravimeter
TT60 at Strasbourg (Institute du Physique du Globe, Strasbourg). Two LCR gravimeters
model G with SRW electrostatic feedback (Geodatisches Institut, Karlsruhe) have been set
up in parallel with the superconducting gravimeter for 6 months to record the gravity varia-
tion due to earth tides and atmospheric pressure. The signals of all three gravimeters plus
that of a barometer have been recorded with 5 minute sample rate using two different digital
data acquisition systems. The feedbacks of the LCR gravimeters have been calibrated before
and after the experiment at Hannover vertical gravimeter calibration line. The experiment
is currently under evaluation, no results available.
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3 Calibration of the Bad Homburg Sperconducting
Gravimeter TT100 and two LCR Model G Gravi-

meters on an Acceleration Platform

In March 1991, an experiment has been started o simultaneonsly calibrate the new small size
superconducting gravimeter TT100 (Institut fir Angewandte Geodisie, Frankfurt) and two
LCR model G gravimeters with SRW electrostatic feedback (Geoditisches Institut, Kar-
lsruhe) on an acceleration platform at station Bad Homburg. The feedbacks of the LCR
gravimeters have already been calibrated on the Hannover vertical gravimeter calibration
line. The experiment is currently in operation, no results available.

Hans-Georg Wenzel, 10.4.1991
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For information to IGC - WG S

Absolute Gravimetry

Activitles of Institut fur Erdmessung (IfE) 1987-1991
Report to JAG-IGC Working Group II

Instrumental investigations and developments of JILAG-3

To improve repeatability and accuracy of observations with the absolute gravimeter JILAG-3,
technical investigations have been performed. The optical base was readjusted in early 1988
resulting in a +0.22 pms® correction for gravity observations performed with the instrument in
1986 and 1987, cf. Torge et al. 1989. Laser frequency variations due to temperatures different
from the calibration temperature is corrected by an appropriate reduction function since summer
1988, allowing the employment of JILAG-3 at temperatures between 20 and 25°C without loss
of accuracy due to this effect. Floor recoil effects, caused by the dropping procedure, require
hardware and software improvements which are in process at present time. Comparisons of

JILAG-3 results with independent gravity data showed a long term accuracy of +0.07...0.1 ums?,
cf. Torge 1990b.

Absolute gravimetry campaigns

In 1987/88 gravity observations have been carried out on the Facroer Islands (one abs. station)
and in Iceland (five realible abs. stations, geodynamics), cf. Torge 1989. In 1988 three absolute
stations were observed in Greenland (fundamental network, IAGBN), in co-operation with the
Danish Geodetic Institute. The same year a gravity campaign was performed in Venezuela (six
abs. stations, geodynamics, fundamental network), cf. Drewes et al. 1991, In 1989 three absolute
measurcments were carried out in Argentine (fundamental network, IAGBN, geodynamics),
seven in Brazil, and two in Uruguay, in co-operation with scveral institutions (Universidade de
Buenos Aires; Universidade Federal do Parana, Curitiba; Servicio Geografico Militar, Montevideo).
In a joint project with the Institute of Seismology (I0S), Wuhan/China, a gravity control system
has been established in the Yunnan earthquake region in 1990 (37 gravity stations, six of them
absolute, geodynamics) and was supplemented by four absolute stations in Wuhan and Beijing,
cf. Torge et al 1990a. The absolute gravity stations have been connected to national and inter-
national networks by relative observations, whenever feasible. Reobservations of a few stations
and the extension of the absolute gravity net in South-America are scheduled for autumn 1991
(Argentine: 2 existing stations plus 2 or 3 new ones, Brazl: 1 or 2 + 1 or 2, Uruguay: 2 + 1);
the Yunnan control net shall be reobserved and enlarged by one or two absolute sites in spring

1992. New stations will be observed in Germany (2) and in the Netherlands (3) already in sum-
mer/autumn 1991,

Within the frame of the different rescarch projects, IfE contributed to the establishment of the
International Absolute Gravity Basestation Network IAGBN by performing absolute gravity
obscrvations with JILAG-3 at five stations of subset A and four stations of subsct B (subscts
defined in Boedecker and Fritzer 1986). Included are one station in Godthab/Greenland (1988),
three stations in South America (Tandil/Argentine 1989, Brasilia/Brazil 1989, Sta.
Elena/Venczuela 1988), cf. Gernael et al. 1990 and Drewes et al. 1991. In Germany, a gravity
determination was carried out at the fundamental satellite observation station Wettzell (1989).
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From subset B the stations Sévres/France, Bruxelles/Belgium (1987 and 1989), c.£f. Poitevin 1990,
Potsdam/Germany (1988 and 1990), cf. Torge e al. 1990b), and Beijing/China (1990), ¢f. Torge
et al. 19902, have been observed within the past four years. Results are summarized in the table
below. The accuracy of the values at floor level is estimated to be 0.1 pms® or a little bit better.

Absolute gravity determinations by IfE at JAGBN stations

| 1aGBN A Number | n | reth | dgldn G Ag A
IAGBNATE fm] | [umsm] fums*] fums®] lums®]
| sta. Elena® 3001/0040 | 1721 | 0803 | 2969 | 9778 218459 | 2384 | 9778 22084
Nuuk (Godthab)® | 3107/1072 | 1468 | 0.802 - 9821 904.302 | 2245 | 9821 90655
l Tandi® 3114/0322 | 16271 0810 | 2980 | 9799 041.189 | 2414 | 9 799 04360
Brasiiia 2212/0122 | 1441 | 0808 | 2478 | 9780 485973 | 2.002 | 9780 45758
Wettzel 0205/0162 | 3404 | 0808 | 3320 |9808354.370 | 2690 | 9808 357.05
IAGBN B Number | a | reth | dgidh G Ag "
IAGBNAE (m] | (ums%m] fums?) [ums9] [ums¥]
Stwies  (atAf) | —/0111 | 1438 | 0795 . 9 809 257290 | 2.572% | 9 809 250.86
l (at A3) 3156 | 0.801 - 9 809 256,885 | S.127° | 9 809 260,01
Bruxelles (6/87) | —f2002 | 5335|0812 | 2873 |9811 164486 | 2333 | 9811 166827
(12/89) : 5222 | 0813 | 2873 | 9811 164.837 | 2330 | 9811 16857° E
Potsdam (i/88) | —/f0014 [4410) 0804 | 2500 |98i2614611 2100 |981261671
(1550) 3113|0839 | 2500 |9812614411]2191 |981261650 i
Beljing —003 | 1564|0821 | 2241 [9801103885]1.840 |9801 10572 E

w Number of drops used for the determination of gravily,

refh: Referenz helght above floor level

Ag: Gravity difference between the Instrument’s reference polnt and a station mark: Since the reference polrt
Is not veriically above the mark In any case, Ag may difier from ihe factor rellh x dgidh.

Stations Sta. Elena (instead of Boa Vista) and Nuuk (Godthab) {instead of Sisimig (Holstelnsborg)) were
choosen because of logistical purposes, Tandl (Instead of Mar del Plata) was choosen, because RIs an earth
Hide station which s located more far from the eoast

Centering to station Sévres A according to Becker ef al. 7990, Af the other stations gradients and gravity
differences for centerlng wers observed with LCR G-288 and G-703, In Wetizell addlionally with G-783 and
G-854 (all equipped with SRW-feedback); in Belling G-8S3 equipped with a SSB-feedback wes employed
fogether with G-298 and G709,

The gravily difference to Bricelles A Is +6.04 ums? ylelding thers 8 811 172.86 ums?® for the observation In
1/88 and 9 811 172.71 ums® for 12/89.
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ANNEX 1

Proceedings of the Workshop:

Non Tidal Gravity Changes:
Intercomparison between absolute and

Superconducting gravimeters.

AN OVERVIEW
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INTERNATIONAL GRAVITY
COMMISSION
WORKING GROUP NO. 7
COMPUTATION OF MEAN GRAVITY
ANOMALIES

Chairman: Hans-Georg Wenzel, Geoditisches Institut, Universitdt Karlsruhe
Englerstr. 7, D-7500 KARLSRUHE 1, Phone : 0721-6082307, Fax : 0721-694552

Report for the Period June 1988 to August 1991

presented to the meeting of the Directing Board of BGI during IUGG
General Assembly at Vienna, August 14, 1991.

1 Membership

‘The current members of the IGC working group 7 are : Dr. Heiner Denker, Institut fir Erd-
messung, Universitdit Hannover (FRG); Dr. René Forsberg, Geodetic Institute, Copenhagen
(Denmark); Dr. Michel Sarrailh, Bureau Gravimetrique International, Toulouse (France),
and Dr. Hans-Georg Wenzel, Geoditisches Institut, Universitat Karlsruhe (FRG). The IGC
working group 7 is in principle open for new members, but I would like to have the working
group as small and efficient as possible.

2 History

The IGC Working group 7 has been created at the meeting of the BGI directing board at
June 24th, Parnis 1988. The terms of reference defined at that meeting are published in
the Bulletin d’Information, Bureau Gravimetrique International, 67, 61-65, Toulouse 1991.
Reports have been presented at the 12th meeting of the International Gravity Commission
at August 5th, Edinburgh 1989, and at the 13th meeting of the International Gravity Com-
mission, September 11 to 14, Toulouse 1990. The last report is published in the Bulletin
d’Information, Bureau Gravimetrique International, 67, 61-65, Toulouse 1991.

3 Meetings of the WG

Meetings of the working group took place during the lst International Geoid Commission
Symposium, June 13th, Milano 1990; during the 13th meeting of the International Gravity
Commission, September 11 to 14, Toulouse 1990, and during the assembly of the European
Geophysical Society, April 22 - 26, Wiesbaden 1991. The main tasks of WG7 are summarized
in the following:

e The main task for IGC working group no. 7 is to enable BGI to create a world wide
5’ x 5 terrestrial free air gravity anomaly data set. This task has to be as soon as
possible.
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e The second task is to work out procedures for individuals and institutions to create
regional 5’ x 5’ free air gravity anomaly data sets, which can be released to the inter-

national community.

e It is adopted to produce 5’ x 5° terrestrial mean free air gravity anomalies {(as agreed
by the executive committee of the International Geoid Commission and the working
group 7 members). BGI has already large 5’ x 5’ terrestrial mean free air gravity
anomaly data sets for Africa and South America by cooperation with the University
of Leeds (UK), which unfortunately are not yet freely distributable but can be used
for internal comparisons.

e The main procedure should be to use directly digital free air gravity point data bases,
as e.g. the BGI data base. For land areas, the BGI data base is already completely
screened. For marine areas, the screening of the BGI data base has been started, but
not yet finished (the software for track bias adjustment of sea gravity data has been
implemented in September 1990 at BGI).

e For the production of 5’ x 5’ mean free air gravity anomalies on land and sea, the
procedure will be to average point free air anomalies, simple Bouguer anomalies and
elevations within 1’ x 1’ cells, and to predict mean free air anomalies using the 1’ x 1’
averages inside the 5’ x 5’ block and 2’ around the block (see Fig. 1). As a byproduct,
mean 5’ x 5 Bouguer anomalies and elevations could be computed simultaneously,
depending on the software used for the production computation (see section 5). The
use of 5’ x 5" world wide mean elevations ETOPOS has been discussed during the first
meetings of the working group, but is not considered for the production computation
of mean 5’ x 5’ free air anomalies because of large errors in the ETOPOS5 data set (see
Table 1). For the production computation of mean 5’ x 5’ gravity anomalies, least
squares collocation will be used, and different programs are available or in the final
testing step resp. (see section 5). For the mean anomaly prediction, a numerically
integrated point covariance function will be used.

e For the computed 5’ x 5’ data, the mean free air graity anomaly plus ist standard
deviation , the mean Bouguer anomaly and its standard deviation and the mean eleva-
tion and it’s standard deviation will be stored. Additionally, the number of used point
gravity data will be stored.

Mean Elevation Problem

It was initially planned, to use the worldwide 5’ by 5’ mean elevation data set ETOPOS5 for
the transformation of predicted mean Bouguer gravity anomalies to mean free air gravity
anomalies. At the Milano meeting, Forsberg has already mentioned large errors of the
ETOPOS5 data set in Scandinavia and Canada. After the Milano meeting, Denker has
reported on a comparison of the ETOPO5 data set at different areas of the world and
reported large errors of the ETOPOS data set up to 2 km, given in Tab. 1. Thus, we cannot
use the ETOPOS5 data set for the mean anomaly computation, and there is no other 5’ by
5’ world wide data set available. The only decision we can make now for the production of a
world wide 5 by 5’ mean free air gravity anomaly data set from BGI point gravity data base
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Figure 1: Collection and Prediction Areas

is to directly predict mean free air gravity anomalies from point free air gravity anomalies.
Naturally, the predicted mean free air gravity anomalies will have large errors especially in
areas with rough topography and in areas with sparse point data distribution. Therefore, it
is necessary to work out procedures for anomaly production for individuals and institutions,

which can use high quality regional mean elevation data sets, and can release their data sets
to BGI to be merged with the global data set.

Table 1: Comparison of 5’ by 5’ mean elevations with ETOPOS5 by H. Denker

data set number { mean | stdv | min | max

) | fm) | ]| fm]
E0505BAK63 Netherland from 3’ x 5’ 377 2.2 9.3 -50 58
EQ505FIN83 Finland 10662 20 226} -253 | 314
E0505FRG87 FRG from 1 km x 1km 5332 33| 605 -609| 555
EO0505IFE87 Northsea, Baltic Sea 7311 04| 176 -175| 110
E0505VENST Venezuela 2138 | -37.4 | 310.6 | -1900 | 2050
E0505IFES0 Europe from 6’ x 10°* 122210 | -16.0 | 129.1 | -1817 | 1785

*large errors at areas with rough topography (Alps, Norway)

5 Software

There has been made available to the working group a small piece of software for mean
anomaly computation by Dr. Peter Vanicek, University of New Brunswick (Canada), which
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Figure 2: Distribution of 1’ by 1’ averages for the test area

unfortunately does not meet the requirements of working groups 7 task. Dr. Hans Siinkel,
Technische Universitdt Graz (Austria), has agreed to release an existing complex software
package for mean anomaly prediction to the working group, for which a short description
is available. Siinkel’s program has been investigated, but it seems to be too complex for
the production computation of mean 5’ x 5’ anomalies on a world wide scale. R. Forsberg
and H.-G. Wenzel have prepared programs designed especially for the task of working group
7, by modifying existing programs (GEOGRID by Forsberg) or by creating a completely
new program (PFAMEAN by Wenzel). Forsberg’s program is in the final testing step, and
will hopefully be available soon. Wenzel’s program PFAMEAN has been distributed to the
members of the working group during this meeting, and some features and results from
PFAMEAN are discussed in the following. The program PFAMEAN has not been tested
extensively, and it has to be adapted to the BGI CDGF data base structure and the BGI
mainframe computer, which will be done by BGL.

The program PFAMEAN is written in standard FORTRAN 77 and has been implemented
and tested on a PC (IBM-AT compatible) under MS-DOS. It uses as data input a point
gravity archive file structure called PG developped at Institut fir Erdmessung, Hannover.
The point gravity data read from input are selected for a certain storage area and averaged
in 1’ x 1’ cells for free air, Bouguer and elevation and stored in matrices (after reduction for
trend). Fig. 2 shows the 1’ x 1’ cells filled with data for a test data file (sea gravimetry in
the North Sea). By option, empirical covariance functions can be computed from the 1’ x 1’
cells for free air, Bouguer and elevation (see Fig. 3). For this test area, the free air and Bou-
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Figure 3: Empirical covariance functions for the test area

guer anomaly covariance function can hardly be distinguished, and the elevation covariance
function looks similar to the anomaly covariance function after scaling. From the emipi-
rical covariance functions, covariance parameters are estimated (variances and correlation
length’s). Because the computation of empirical covariances takes considerable computer
time, default values for the covariance parameters may be used by option. Using these
parameters, a model covariance function of the form

cov(s) = var - es (1)
is used for the prediction. The mean 5' by 5’ free air and Bouguer anomalies and elevations
are predicted from the data inside the data selection area (Fig. 1) simultaneously using
the numerically integrated model free air covariance function in order to save computation
time. But the prediction errors for Bouguer anomalies and elevations are proper scaled to
their regional variances. All prediction errors are scaled to the local variance of the data
inside data selection area, if more than five 1’ x 1’ cells are filled with data inside the data
selection area. Finally, the program prints histograms of the prediction errors for mean free
air and Bouguer anomalies and mean elevations. The predicted mean free air anomalies,
their prediction standard deviations and the number of 1’ x 1’ cells used for the prediction
are shown for the test area in Figs. 4, 5 and 6. The computation takes about 0.4 sec per
5’ x 5" block on an IBM Ps/2 8580 (20 Mhz speed). It is assumed that the computation on
a mainframe vector processor is about 1000 times faster. The application of Bouguer and
elavation covariance functions is in principle possible, but would increase the computation
time by a factor of three. Until now, the program has not been extensively tested, and the
program has to be adapted to the BGI mainframe and BGI CDGF data base.
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Figure 4: Predicted mean 5’ x 5’ free air anomalies for the test area, unpredictable blocks
set to mean value inside storage area

Hans-Georg Wenzel

Karlsruhe, Angust 8th 1991.
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Figure 5: Standard deviations of predicted mean 5’ x 5’ free air anomalies in the test area,
unpredictable blocks set to zero
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Figure 6: Number of 1’ x 1’ cells used for the prediction in the test area
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Geologic Hazards Slide Sets

Twenty unique sets of 35-mm slides depicting geologic hazards throughout the world are available
from the National Geophysical Data Center (NGDC). These special slide sets provide an affordable
tool for presentation to both technical and nontechnical audiences.

Each slide set consists of 20 slides in color and/or black and white. Included with the slides is
documentation that provides background material, dates, locations, and descriptions of effects for
the depicted hazards.

Volcanoes

New  The Eruption of Mount Saint Helens
May 1980
Includes views of pre-May 18th (1980)
eruption activity, views of the major May
18th eruption, and views of the devastation
caused by the major eruption. Shows
effects of the eruption including the blast
area, mud flows, ashfall, and altered terrain.
(Color; product number 739-A11-004)

new Hawaii Volcanism: Impact on the
Environment

lllustrates impact on communities,

vegetation, marine life, roads, and

coastlines. Also illustrates benefits of

volcanism such as geothermal power,

increase in land area of the islands, and

opportunities for viewing and studying

volcanismin relative safety. Includes views

of eruptions that took place in the 1980s at |
Kilauea and Mauna Loa. (Color; 739-A11-

005)

new Hawaii Volcanism: Lava Forms

Includes spectacular views of lava fountains, lakes, cascades, flows, spatter, and lava entry
into the sea, from eruptions occurring in the last 30 years. (Color; 739-A1 1-006)

Volcanic Rocks and Features
llustrates eruption products and features resulting from volcanism in Australia, the Canary
Islands, New Zealand, Scotland, and the United States. Pictures are examples of lava types,
ash, cinders, bombs, necks, dikes, and sills. Aerial views of Devils Tower, Wyoming, and Ship
Rock, New Mexico, landmark volcanic neck remnants, and Diamond Head, famous tuff cone
on the Island of Oahu, are of special interest. (Color; 739-A11-002)

,s"“%
TOAR PN

'S

National Geophysical Data Center

2 o
-t

91



Volcanoes in Eruption, Set | _
Depicts explosive eruptions, lava fountains and flows, steam eruptions, and fissure eruptions
from 19 volcanoes in 13 countries throughout the world. Volcano types include strato, cinder
cone, complex, fissure vent, lava dome, shield, and island-forming. Spectacular views of
Kilauea's fire fountains, a night eruption of Paricutin, and the 1980 eruption cloud of St. Helens
are included. (B&W/Color; 739-A11-001)

Volcanoes in Eruption, Set li
Depicts ash clouds, fire fountains, lava flows, spatter cones, glowing avalanches, and steam
eruptions from 18 volcanoes in 13 countries. Volcano types included are strato, cinder cone,
basaltic shield, complex, and island-forming. Highlights include a spectacular night exposure
of electrical discharge accompanying an eruption, and an eye-witness drawing of the famous
eruption of Krakatau in 1883. (None of the slides in this set duplicate those in Set I although
several of the same volcanoes are represented in both sets.) (B&W/Color; 739-A11-003)

Earthquakes

Earthquake Damage - General
lllustrates several kinds of effects caused by 11 earthquakes in seven countries and four states
in the United States. Pictures show strike-slip and thrust faulting, surface ruptures, landslides,
fissuring, slumping and sand boils, as well as structural damage. This set is designed to give
an overview and summary of earthquake effects. (Color; 647-A1 1-001)

Earthquake Damage, San FranciSco, California, April 18, 1906
Includes a panoramic view of San Francisco in flames a few hours after the earthquake,
dramatic damage scenes from the area, and other unique photographs. (B&W; 647-A11-002)

Earthquake Damage, Mexico City, Mexico, September 1985
Shows different types of damaged buildings and major kinds of structural failure including
collapse of the top, middle, and bottom floors and total building failure. The effect of the subsoils
on the earth shaking and building damage is emphasized. (Color; 647-A11-003)

Earthquake Damage to Transportation Systems
Depicts earthquake damage to streets, highways, bridges, overpasses, and railroads caused
by 12 earthquakes in Guatemala, Japan, Mexico, Armenia, and five states in the United States.
Views of structural damage to the San Francisco-Oakland Bay Bridge and the Nimitz Freeway
(1-880) resulting from the October 1989 earthquake are included. (B&W/Color; 647-A11-004)

Earthquake Damage to Schools
Nine destructive earthquakes that occurred in the United States and eight earthquakes that
occurred in foreign countries from 1886 to 1988 are depicted. The set graphically illustrates
the potential danger that major earthquakes pose to school structures. The photograph taken
in 1886 of the damage at Charleston College, Charleston, South Carolina, is of special interest
since itis an illustration of earthquake damage possible on the east coast of the United States.
(B&W/Color; 647-A11-005)
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Earthquake Damage, Great Alaska Earithquake, March 1964
Shows geologic changes; damage to structures, transportation systems, and utilities: and
tsunami damage. Features the effects of four major landslides in Anchorage including the
dramatic Fourth Avenue and Turmagain Heights landslides. (Color; 647-A11-007)

Earthquake Damage, Southern California, 1979-1989
Shows earthquake damage from the following events: Imperial Valley, 1979; Westmoriand,
1981; Palm Springs, 1986; and Whittier, 1987. Partially and totally collapsed buildings caused
by the Whittier Narrows earihquake are shown. (Color; 647-A11-008)

Earthquake Damage, Central California, 1980-1984
Shows earthquake damage from the following events: Livermore, 1980; Coalinga, 1983; and
Morgan Hill, 1984. Several fotally and partially collapsed buildings in the downtown area of
Coalinga are shown. (Color; 647-A11-009) :

Faults ,

Includes a schematic and illustrations showing normal, reverse, and strike-slip faults and
related features. The faults are located in Alabama, California, Idaho, Montana, Nevada,
Oregon, and Wyoming in the United States, and in Algeria, Guatemala, and Iceland. The set
includes an aerial view and other views of the famous San Andreas faultin California. (Color;
647-A11-010)

Earthquake Damage, the Armenian Soviet Socialist Republic, December 1988

_ Includes spectacular damage photographs taken in and around the devastated cities of Spitak

' and Leninakan where 25,000 deaths occurred. fllustrates the structural types that were
vulnerable to failure. This set graphically shows that inadequate building construction
combined with shaking from a moderate earthquake can result in high death tolls and
tremendous economic loss. (Color; 647-A11-011)

Earthquake Damage, Loma Prieta, October 1989, Set | - Loma Prieta vicinity
Includes damage in Boulder Creek, Aptos, Los Gatos, San Jose, Santa Cruz, Scott's Valley,
and Watsonville. The slides depicting earth cracks and structural damage to homes in the
Santa Cruz mountains are especially dramatic. (Color; 647-A11-012)

Earthquake Damage, Loma Prieta, October 1989, Set Il - San Francisco and Oakland
Highlights the spectacular damage in the Marina area of San Francisco. The set also includes
photographs of the damaged building in the area south of Market Street where five deaths

occurred, the now famous damage to

the San Francisco-Oakland Bay Bridge,
and the Cypress Section of the Nimitz

Freeway (1-880) where 41 deaths

occurred. (Color; 647-A11-013)

A collapsed building in the Marina
District-of San Francisco. Damage
from the Loma Prieta earthquake.
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Tsunamis
Tsunamis - General
Depicts advancing waves, harbor damage, and structural damage from seven tsunami events
which have occurred since 1946 in the Pacific region. The set includes dramatic before-and-
after views of Scotch Cap Lighthouse in the Aleutian Islands thatwas completely washed away
by a wave of more than 30 meters! A somewhat out-of-focus, but nevertheless unique
photograph of a man about to be inundated by a huge wave that destroyed the Hilo, Hawaii,
waterfront is also included. (B&W/Color; 648-A11-001)

Landslides
Landslides
- Depicts diverse types of landslides and mass wasting. Photos were taken at various locations
inthe United States, Canada, Australia, Peru, and Switzerland. Of particularinterest are views
of the famous 1903 rock slide at Frank, Alberta, Canada, that covered the town of Frankin less
than two minutes, and the 1970 earthquake-induced rock- and snowslide that buried the towns
of Yungay and Ramrahirca in Peru. (Color; 647-A11-006)

How to Order

The slides are available for $25.00 per set, plus $10 handling charge per order (see below).
Please refer to the product number when ordering.

As a special service to teachers, twenty multiple choice questions and
answers are available free of charge for each of the above sets. Teachers may
copy the documentation and the multiple choice questions and distribute the
copies to the students. These questions maybe used: 1) toinitiate discussion
before viewing the slides, 2) for class follow-up activity, 3) forindividual study,
and 4) as a basis for a teacher-designed test over the material. If youwould
like this teaching aid, please indicate this with your order.

U.S.DEPARTMENT OF COMMERCE REGULATIONS REQUIRE PREPAYMENT ON ALL NON-FEDERAL
ORDERS. Please make checks and money orders payable to COMMERCE/NOAA/NGDC. All foreignorders
must be in U.S. Dollars drawn on a U.S.A. bank. Do not send cash. Orders may be charged to American
Express, MasterCard, or VISA by telephone, letter, fax, or Order Form. Please include a credit card account
number, expiration date, telephone number, and your signature with the order.

A ten-dollar ($10) handling fee is required on all orders; an additional ten-dollar ($10) charge is required
for non-U.S.A. orders. Overnight delivery is available at an additional cost; please call for details.

Please direct telephone inquiries to (303) 497-6277 (fax: 303-497-6513; telex: 532811 NOAAMASC BDR).
Inquiries, orders, and payment should be addressed to: National Geophysical Data Center, NOAA, Code
E/GC1, 325 Broadway, Boulder, CO 80303.

Dus to recent iegislation, pricas are subject to change without Mention of a commercial company or product does not imply
prior notice. Please call for price verification. endorsement by NOAA or the U.S. Department of Commerca.
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The National
Geophysical Data
Center (NGDC)
continually updates its
mail lists used for
announcing new data
services and products.
Please mark your areas
of interest and you will
receive future mailings.

If you are already on
NGDC's mail list but
wish to receive
information for
additional disciplines,
please check off the
disciplines you want
added. If no changes
are needed, disregard
this form. You will
continue to receive dala
announcements for your
areas of interest.
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MARINE GEOLOGY AND GEOPHYSICS

— Bathymetry — Marine Gravity

— Deep-Penetration Seismic —. Deep Sea Drilling Data
Reflection Profiles — Well Logs

— Shallow, High Resolution Seismic  __ Marine Sediment/Rock

Reflection Profiles
— Marine Magnetics

Descriptions, Analyses
. Marine Minerals Data

SOLID EARTH GEOPHYSICS

— Aeromagnetics — Gravity

_ Earthquake Data Base - Epicenters ___ Satellite Remote Sensing

— Earthquake Strong Motion — Seismic Reflection/Refraction
— Geomagnetic Declination — Topography

—. Geomagnstic Models —. Tsunami

—— Geothermics - Volcanology

SOLAR-TERRESTRIAL PHYSICS

— Aurora (satellite or ground — lonospheric Phenomena

images) ___ Low Altitude Satellite Space
— Cosmic Rays Environment
— Geomagnetic Variations — Satellite Anomalies
— Geostationary Satellite Space - Solar Flares

Environment — Sunspots
— Indices — Solar Indices Bulletin
GLACIOLOGY
— General — Snow Cover (digital)

— Great Lakes Ice (freshwater ice)
.. Glacier Photos

— Sea Ice (digital)
— DMSP Satellite Imagery

PALEOCLIMATOLOGY
—_Corals __lce Cores
_Historical Records - Lake and Bog Sediments

— Geographic Boundaries

- Geochemistry

— Paleomagnetism

— Engineering and Physical
Properties of Sediments

— Well Logs

— Geochemistry

— Paleomagnetism and
Archeomagnetism

— Satellite Solid Earth Geophysics

— Global Change

—. Solar-Geophysical Data Monthly
Publication Series

— UAG Reports

— Geomagnetic Indices Bulletin

. Magnetosphera

— Numerical Models

.. Passive Microwave Data
—. Glaciers
.. lce Sheels

. Marine Sediments
_ Tree Rings



GEOLOGIC HAZARDS SLIDE SETS ORDER FORM PRODUCT # DESCRIPTION QUAN.| cosT
Mail to: National Geophysical Data Center EACH SLIDE SET | 647-A11-001 | Earthquake Damage--General
325 Broadway, E/GC4, Dept. 863 COSTS $25. PLEASE
Boulder, Colorado 80303-32328 U.S.A. PREPAY ALL ORDERS. | 647-A11-002 | Earthquake Damage, San Francisco, California, April 18, 1906
NAME 647-A11-003 | Earthquake Damage, Mexico City, Mexico, September, 1985
647-A11-004 | Earthquake Damage to Transportation Systems
F COMPANY OR
R INSTITUTION 647-A11-005 | Earthquake Damage to Schools
O DEPARTMENT OR 647-A11-006 | Landslides
M| pivisioN :
647-A11-007 | Earthquake Damage, Great Alaska Earthquake, March 1964
ADDRESS
647-A11-008 | Earthquake Damage, Southern Callfomia, 1979-1989
CITY, STATE, ZIP,
COUNTRY 647-A11-009 | Earthquake Damage, Central California, 1980-1984
TELEPHONE NUMBER 647-A11-010 | Faults
647-A11-011 | Earthquake Damage, the Armenian Soviet Soclalist Republic,
NAME December 1988
S| COMPANY OR 647-A11-012 | Earthquake Damage, Loma Prleta, October 1989, Set 1 - Loma
H| INSTITUTION Prieta vicinity
:, DEPARTMENT OR 647-A11-013 | Earthquake Damage, Loma Prieta, October 1989, Set 2 - San
DIVISION Francisco and Oakland
g ADDRESS 648-A11-001 | Tsunamis - General
CITY, STATE, ZIP, 739-A11-001 | Volcanoes In Eruption, Set 1
COUNTRY .
739-A11-002 | Volcanic Rocks and Features
TELEPHONE NUMBER
739-A11-003 | Volcanoes in Eruption, Set 2
Enclosed Is a check or money order payable to: 739-A11-004 | The Eruption of Mount Salnt Helens, May 1980
COMMERCE/NOAA/NGDC
739-A11-005 | Hawall Volcanism: impact on the Environment
DAMERICAN EXPRESS DMASTERCARD DVISA
739-A11-006 | Hawall Volcanism: Lava Forms
Card number: Exp. date: o] 200000000000000060060060006090080 $10.00 Handling Charge | $10.00
Please print name: s TEACHERSI .
‘ ® |f you would like the multiple choice questions : $10.00 Non-U.S.A. Surcharge
Signature: : and answers which accompany the slide sets, D °
gnature. o check this box. . TOTAL COST
...00.'00...0.C.0.000QOCO..O.
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