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Message from the President 

Multiple working hypotheses and 
policy analysis: T. C. Chamberlin revisited 

T. C. Chamberlin was a distinguished geologist and Presi-
dent of the University of Wisconsin. Geologists know him 
best, perhaps, through his essays on the "Method of Mul-
tiple Working Hypotheses" (Chamberlin, 1890). It is an 
intellectual approach to investigation and problem resolu-
tion that develops a number of alternative hypotheses to 
test against the data and is contrasted to the "Ruling 
Theory" method in which the data are forced to the theory. 
The method of multiple working hypotheses is especially 
suited to those areas of investigation characterized by a 
large number of variables and a wide range in quality and 
quantity of data—for example, the natural sciences. Out of 
the method of multiple working hypotheses grows a theory 
that is consistent with and presents the best explanation of 
the data. 

In his 1890 essay, Chamberlin discussed application of 
his method to "practical affairs" and referred ". . . especially 
to those inquiries and inspections that precede the coming-
out of an enterprise rather than to its actual execution." He 
said further, "The methods that are superior in scientific 
investigation should likewise be superior in those investi-
gations that are the necessary antecedents to an intelligent 
conduct of affairs." 

Chamberlin preceded the development of the method-
ology of policy analysis as it is practiced today, but the 
development of multiple working hypotheses and the de-
velopment of policy options have much in common. In 
each case the investigator or analyst is deriving from data 
or information a series of alternative explanations or actions 
that is rational as tested against an objective analysis of the 
data. 

The best hypothesis or the preferred option comes out of 
a process of rigorous testing for conformity and consistency 
and from either a formal or intuitive consideration of prob-
ability. Although Chamberlin was a natural scientist, and 

there is no indication in his essay that he was aware of the 
classic nineteenth century work on probability theory that 
forms the underpinning for twentieth century decision 
analysis (Laplace, 1825; De Morgan, 1847), his exposition is 
clearly relevant to latter-day policy consideration. 
The use of the method leads to certain peculiar habits of mind which 
deserve passing notice, since as a factor of education its disciplinary 
value is one of importance. When faithfully pursued for a period of 
years, it develops a habit of thought analogous to the method itself, 
which may be designated a habit of parallel or complex thought. In-
stead of a simple succession of thoughts in linear order, the procedure is 
complex, and the mind appears to become possessed of the power of 
simultaneous vision from different standpoints. Phenomena appear to 
become capable of being viewed analytically and synthetically at once. 

The formulation of public policy related to an issue or 
area of activities is, in its best sense, a rational, considered, 
deliberate analysis of alternatives, consequences, resources, 
capabilities, costs, and benefits that results in a decision to 
adopt the most beneficial alternative within the capability 
of the governing body; it rests upon a solid base of infor-
mation. The policy analyst is working toward a decision(s) 
that will realize certain objectives and is concerned with 
more than explaining the data. He is pursuing the best 
decision(s) rather than theory, but the intellectual process 
involved is not, as I hope I have demonstrated, in any way 
alien to the intellectual process that has developed the 
science of geology. There is no intellectual or methods 
barrier between the geologist and the public policy process; 
the jargon barrier is not formidible. 

The purpose of this presentation is to encourage those 
geological scientists who are concerned about the public 
policy that governs the relationship between our society and 
the Earth —its resources and its processes—to enter boldly 

(continued, next page) 
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f President 's Message, continued from p. S*37) 

into the halls of policy. The intellectual tradition and 
processes that have built the geo ogical sciences are 
fully compatible with the traditions and processes of 
policy analysis. And insofar as public policy affects the 
rnan-Earth system, the geologist is the master of a 
critical part of the data—that part dealing with Earth 
composition, structure, and processes, and that part 
developed by measuring, mapping, monitoring, and 
modeling. 
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1951 . 

Peter T. Flawn 
President, Geological Society of America 

Honors and Awards Committee 
solicits suggestions 

The Committee on Honors and Awards solicits your 
help in nominating potential recipients of CSA's high-
est honors—the Penrose Medal, the Day Medal, and 
Honorary Fellowship. The criteria for these honors are 
described in the booklet Council Rules, Policies, and 
Procedures, or you can get a good idea of the kinds 
of scientists who have been honored in the past by 
glancing at the lists on pages viii and x of your 1978 
Membership Directory. 

The deadline for receipt of nominations has not 
been established because of the restructuring of the 
subcommittees. We ask that you please send your 
documented nominations to headquarters where they 
will be held until the new deadline has been estab-
lished. Those nominations arriving before the new 
deadline will be forwarded to the appropriate sub-
committees; those arriving after the deadline will be 
held for the following year. 

To ensure thorough consideration by the particular 
subcommittee, please back up each suggested nomi-
nation with a brief biographical sketch and a summary 
of his or her chief contributions to geology. In the 
case of the Penrose and Day Medals, a selected 
bibliography must accompany the nomination. 

Please follow the same procedure for nominating 
your candidates for the National Medal of Science. 

A new remote sensing division? 

There will be a meeting of those interested in 
possibly organizing a CSA division on remote 
sensing during the Toronto meeting. Time and 
place to be announced later. 

AGU 
Fall Meeting 

San Francisco 
December 4-8,1978 
Special sessions of interest to 
geologists include 

Geodesy 
Geodetic and Geophysical Crustal Anomalies in 

Southern California 

Geomagnetism and Paleomagnetism 
Paleomagnetic Results From Orogenic Belts 

Hydrology 
Protection of the Hydrologie Environment of 

Surface-Mined Lands 
Salinity Problems in Groundwater 

Oceanography 

Oceanography of Alaskan Shelves 

Seismology 
Premonitory Seismicity and Seismic Gaps 
Instrumentation and Computer Automation 
Synthetic Accelerograms 
Study of Continent-Ocean Transition: Web-

Footed Seismology 
Tectonophysics 
Trenches, Arcs, and Back-Arc Basins 
Geophysical Measurements Pertinent to 

Geothermal Reservoirs 
Mechanics of Earthquake Instabilities and 

Precursors 

Volcanology, Geochemistry, and Petrology 
Aging of the Oceanic Crust at Low Temperature 
Trace Element Migration by Fluid Flow 

For information on registration, the program, and 
hotel reservations, write to 

Meetings 
American Geophysical Union 
1909 K Street, N.W. 
Washington, D. C. 20006 
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Toronto—"The People City"—to host 
GSA's Annual Meeting, October 23-26, 1978 

Toronto—Canadian city and Huron Indian word for 
a "place of meeting"—will host a unique gathering in 
1978, the October 23-26 Joint Annual Meeting of the 
Geological Society of America and its Associated 
Societies, the Geological Association of Canada and 
the Mineralogical Association of Canada. 

Canada's second largest city, Toronto, has under-
gone such significant changes that visitors would 
hardly believe the transformation that has taken place. 
Today's Toronto with a population of over 2,000,000, 
is a bustling metropolis with cultural institutions, 
theaters, parks, excellent restaurants, fine stores and 
an intriguing variety of people and dress that blend to 
create a unique civic personality. 

Its present image started taking shape in the early 
1940's when a steady flow of ethnic groups into the 
predominately British environment gave the city an 
international flair. In 1959, the development of the 
St. Lawrence Seaway turned its port into one of the 
busiest in North America, handling vessels from over 
60 countries. Although Toronto is a leading trade and 
financial center and one of Canada's fastest growing 
cities, it is still a "people city." 

For the adventurous meeting delegate with spare 
time, Toronto provides a great opportunity to visit 
such attractions as the Royal Ontario Musuem, 
Canada's largest museum and one of the world's best. 
With its renowned collection of Chinese artifacts, its 
unique mineral collection, its geology and paleon-
tology galleries and its special exhibits of Canadian 
natives, the Royal Ontario Museum will be the site 
of this year's Welcoming Party. 

For a taste of Ontario history, visit the Black Creek 
Pioneer Village, an authentic re-creation of life in 
Upper Canada during the 19th century. Experience the 
sights and sounds of a rural Ontario village of 100 
years ago; see and meet the inhabitants in their period 
costumes and visit the general store, blacksmith shop, 
fire house, and the Dalziel Barn Museum built in 1809, 
containing a large collection of 19th-century toys. 

Those seeking cultural attractions should visit the 
O'Keefe Center for the Performing Arts—the home of 
the renowned National Ballet of Canada, the Canadian 
Opera Company, and many of the world's other 
famous ballet and opera companies. 

Of course, a trip to Toronto is not complete without 
a visit to the CN (Canadian National) Tower, the 
world's tallest free standing structure, rising 1,815 feet 
above the metropolitan skyline. The tower has obser-
vation levels with the potential for a panoramic 75-
mile view of the city sights, as well as a spectacular 
view across Lake Ontario and beyond Niagara Falls. 

In all, Toronto affords a broad variety of attractions 
and activities suitable to satisfy the interests of all 

meeting participants. For further information about 
the annual meeting, see the second announcement in 
the July issue of CSA News & Information. 

If you're planning to attend the 1978 Joint Annual 
Meeting in Toronto, listed below are some travel 
hints, which you might find helpful, from the Canadian 
government: 

Entry into Canada from the U.S. Citizens and legal 
residents of the U.S. do not need passports or visas 
to enter Canada as visitors. Native-born U.S. citizens 
should carry some identifying paper such as a birth, 
baptismal or voter's certificate which shows their 
citizenship. Naturalized U.S. citizens should carry a 
naturalization certificate or some other evidence of 
citizenship, in case they are asked for it. Permanent 
residents of the U.S. who are not U.S. citizens are 
advised to have their Alien Registration Receipt Card 
(U.S. Form 1-151). 

Personal Possessions of Commercial Value. Visitors 
to Canada may bring in personal possessions with 
commercial value, such as cameras, typewriters, etc., 
by declaring them at entry. Although not a require-
ment, it may facilitate entry if visitors have a list 
(in duplicate) of all durable items carried, with a 
description of each item, including serial numbers 
where possible. All such articles must be identified 
and reported when leaving Canada. NOTE: While 
such items are normally admitted free of duty and 
tax, a deposit may be requested to ensure exportation. 
This deposit will be forwarded to the non-resident's 
home address by check upon proof of exportation 
of goods. 

Money. The currency system in Canada is based on 
dollars and cents. Because of current monetary ex-
change rates, there may be a difference in value 
between the two currencies. Although U.S. currency 
is accepted in Canada, visitors are urged to exchange 
their funds for Canadian dollars at a bank where they 
will receive the prevailing rate of exchange. By using 
Canadian money during their travels in Canada, they 
avoid exchange problems. NOTE: There are exchange 
facilities at the Toronto airport. Most U.S. credit 
cards are honored in Canada, including the principal 
bank cards. Visitors are advised to check with their 
own banks before leaving home concerning credit 
cards and currency exchanges. 

For further information regarding travel in Canada 
contact either a local Canadian consulate or trave 
agent. 

Preregistration deadline September 22, 1978 

(Preregistration forms are in July 1978 issue). 
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PRELIMINARY ANNOUNCEMENT AND CALL FOR PAPERS 

SOUTH-CENTRAL SECTION, GSA, 13th Annual Meeting 
Mountain View, Arkansas, April 9-10, 1979 

The South-Central Section of the Geological Society of 
America will hold its 13th annual meeting in Mountain 
View, Arkansas, on April 9 and 10, 1979. The head-
quarters for the meeting will be at the Ozark Folk 
Center. This meeting is under the sponsorship of the 
Arkansas Geological Commission, Little Rock, Arkansas, 
Norman F. Williams, State Geologist. 

TECHNICAL SESSIONS. Two days of technical sessions 
will be held on April 9 and 10, with premeeting and 
postmeeting field trips on April 8 anc 11, respectively. 
Field trips will be announced at a lateir date. Technical 
sessions will be arranged after abstracts of proposed 
papers have been reviewed by the Program Committee. 

PLEASE HELP US FIND GOOD PAPERS. The quality 
of submitted abstracts has been excel ent for previous 
meetings. If you are thinking about preparing a paper, 
do it now! A postal card to Normari F. Williams or 
Melvin C. Schroeder will get an abstract form to you. 
The use of the GSA section meeting abstract form, 
completed according to the instructions, is mandatory. 

STUDENT PAPERS are welcome and encouraged. The 
Section awards $25.00 for the best student paper. To 
be eligible, the paper must be by a single author and 
identified to the Program Chairman. Please announce 
this policy to all students associated with you. 

ABSTRACTS ARE DUE November 17, 1978. 
Norman F. Wil l iams 
Program Chairman 
South-Central Sect ion, G S A 
Arkansas Geological Commission 
3 8 1 5 West Roosevelt Rd. 
Li t t le R o c k , A R 7 2 2 0 4 

PROJECTION EQUIPMENT in each room will include 
two projectors for 2 " x 2" slides and two screens. 

FIELD TRIPS will be announced at a later date, but 
they will be in the Ozarks and along the Buffalo River. 

ANNOUNCEMENTS concerning registration, motel 
accommodations, and events for guests will appear in a 
later issue of GSA News and Information and as part of 
the Abstracts with Programs for 1979. 

Send one original 
and four copies to 

ABSTRACT FORMS may be obtained from the following persons: 

Norman F. Williams, State Geologist 
Program Chairman 
South-Central Section, GSA 
Arkansas Geological Commission 
3815 West Roosevelt Rd. 
Little Rock, AR 72204 
(501) 371-1488 

Melvin C. Schroeder 
Secretary 
South-Central Section, GSA 
Department of Geology 
Texas A & M University 
College Station, TX 77843 
(713) 845-2451 

or 
Abstracts Coordinator 
Geological Society of America 
3300 Penrose Place 
Soulder, CO 80301 
(303) 447-2020 

CALENDAR OF SECTION MEETINGS FOR 1979 

N O R T H E A S T E R N S O U T H E A S T E R N 

Hershey M o t o r Lodge, Hershey, Pennsylvania Virginia Polytechnic Inst i tute and State University 
March 1 - 3 , 1 9 7 9 Blacksburg, Virginia , Apr i l 2 6 - 2 7 , 1 9 7 9 
Abstract Deadl ine: November 1, 1 9 7 8 Abstract Deadl ine: December 7 , 1 9 7 8 

S O U T H - C E N T R A L N O R T H - C E N T R A L 
Fo lk Center , Mounta in V i e w , Arkansas Normandy Inn , D u l u t h , Minnesota 
Apr i l 9 - 1 0 , 1 9 7 9 M a y 1 0 - 1 1 , 1 9 7 9 
Abstract Deadl ine: November 17 , 1 9 7 8 Abstract Deadl ine: December 2 1 , 1 9 7 8 

C O R D I L L E R A N R O C K Y M O U N T A I N 
San Jose State Universi ty, San Jose, Cal i fornia Colorado State Universi ty, For t Collins, Colorado 
Apr i l 9 - 1 1 , 1 9 7 9 May 2 4 - 2 5 , 1 9 7 9 
Abstract Deadl ine: November 9 , 1 9 7 8 Abstract Deadl ine: December 2 1 , 1 9 7 8 
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PRELIMINARY ANNOUNCEMENT AND CALL FOR PAPERS 

CORDILLERAN SECTION, GSA, 75th Annual Meeting 
San Jose, California, April 9-11, 1979 

The Cordilleran Section of the Geological Society of 
America will hold its 75th annual meeting with the 
annual meeting of the Paleontological Society, Pacific 
Coast Section, on the campus of San Jose State University, 
San Jose, California, on April 9-11, 1979. 

WELCOMING PARTY. A no-host cocktail party will be 
held from 1930 to 2300 hours on Sunday evening, April 
8. Location to be announced later. 

REGISTRATION. Registration will be by preregistration 
and also at the location of the welcoming party, Sunday, 
April 8, from 1600 to 2100 hours, and during the meet-
ing at the Student Union at San Jose State University. 
Preregistration costs are $15.00 for professionals, $2.00 
for GSA Student Associates, and $5.00 for other stu-
dents. On-site registration is $25.00 for professionals and 
$5.00 for all students. All are urged to take advantage of 
the lower preregistration rates. Preregister before March 
15, 1979. Refunds on cancelled preregistration will be 
made in full until April 1, 1979. 

SYMPOSIA (In honor of the U.S. Geological Survey 
Centennial). The G. K. Gilbert Symposium: Quaternary 
History of the San Francisco Bay Region (Ray Pestrong); 
The W. H. Dall Symposium: The Quick and the Dead-
Studies of Living and Fossil Organisms (Judy Smith); 
The W. C. Mendenhall Symposium: Glacial Geology of 
the Arctic (Mort D. Turner); The W. T. Lee Symposium: 
Geologic and Hydrologic Effects of Southwestern Storms, 
1976-1978 (William M. Brown III); The Clarence King 
Symposium: Stratigraphy and Structure of Wall Rocks 
of the Sierra Nevada Batholith (Warren Nokleberg and 
El wood Brooks); The John Wesley Powell Symposium: 
Human Impact on Arid Lands (John Nakata and Howard 
Wilshire); The J. P. Pardee Symposium: Worldwide 
Quaternary Faulting (Lloyd Cluff); The C. C. Birdseye 
Symposium: The Southern California Uplift Revisited 
(Thomas E. Gay); The Ralph Arnold Symposium: Fa-
mous Fossil Fields Revisited (Stephen M. Rowland); The 
C. A. Anderson Symposium: Cenozoic Volcanic Rocks 
of the Northwest (Edwin H. McKee). Papers are invited 
for all the above symposia. 

FIELD TRIPS 
Premeeting; (1) Geology of the Tres Pinos-Vallecitos 
area, April 7-8; (2) Recent deformation and landsliding 
related to the Hayward and Calaveras faults and the 
Diablo piercement, April 8; (3) Effects of December 
1977 windstorm in San Joaquin Valley, April 7-8; 

(4) Environmental and engineering geology of the Santa 
Clara Valley, April 8; (5) San Andreas fault—Trace fea-
tures and monitoring, April 7-8; (6) Crystalline basement 
of the Salinian block, April 8. 

Postmeeting: (7) Geology of the La Honda Basin, Santa 
Cruz Mountains, April 12-13; (8) Tectonics of coastal 
area north of Monterey Bay, April 12; (9) Calaveras 
fault, April 12; (10) Lower Eocene Meganos Canyon fill 
and fan fades, April 12; (11) Modern coastal sedimen-
tary processes and ancient examples, April 12-13; 
(12) Kings Canyon, April 12-13; (13) Erosion and land-
use near Redwood National Park, April 12-13; (14) Fol-
lowing in the footsteps of our forefathers: Early fossil 
localities in the San Francisco Bay area, April 12. 

ABSTRACTS, which are limited to 250 words, MUST 
be submitted camera-ready on official abstract forms 
available from: 
Mary Hill or Abstracts Coordinator 
U.S. Geological Survey Geological Society of America 
3 4 5 Middlef ield Road 3 3 0 0 Penrose Place 
Menlo Park, C A 9 4 0 2 5 Boulder, CO 8 0 3 0 1 

Abstracts are due November 9, 1978. Acceptance or 
rejection of an abstract wil 
submitted by the author. 

Send one original 
and four copies to 

be based on the abstract as 

Mary Hill 

U.S. Geological Survey 

3 4 5 Middlef ie ld Road 

Menlo Park, C A 9 4 0 2 5 

All papers in ordinary sessions will be 15 minutes, plus 
5 minutes for discussion. 
All abstracts will be reviewed by an Abstract Review 
Committee for informative content, correct structure, 
reliability of data, Cordilleran Section geographic cover-
age and originality. Only one paper will be accepted 
from a single author; if papers are co-authored, no more 
than one paper may be presented by an author. Authors 
will be notified of acceptance well in advance of the 
meeting. 
CAROUSEL PROJECTION EQUIPMENT will be pro-
vided for 2" x 2 " (35-mm) slides only (dual projectors 
by prior request only). Please bring your own loaded 
carousel trays if possible. 

BUSINESS MEETING. The business meeting and lun-
cheon will be in the Student Dining Commons at 1200 
hours on Tuesday, April 10. 
HOUSING. Housing will be in local motels. Additional 
information available later. 

DETAILED INFORMATION concerning registration 
and other activities will appear in a later issue of GSA 
News & Information and as a part of the Abstracts with 
Programs for 1979. 

Direct additional information, requests, or suggestions to 
Calvin H. Stevens, Local Commi t tee Co-chairman 
Depar tment of Geology, San Jose State University 
San Jose, Cali fornia 9 5 1 9 2 ( 4 0 8 - 2 7 7 - 2 3 8 6 ) 
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CD-

Report of the Treasurer 
To the Council and Membership of The Geological 
Society of America, Inc.: 

This report is for the calendar year 1977. For 
the second year in a row, the Society was in the 
black, a significant factor when the full impact 
of inflation is taken into consideration. Not many 
costs have risen faster than those related to publi-
cations, which is the major part of our budget. 

With one or two minor adjustments, the figures 
used in this report are taken from the report of 
our public accountants, Peat, Marwick, Mitchell 
& Co. During the year, Council voted to establish 
an Audit Committee of the Council whose respon-
sibility wil l be to both instruct the auditors and 
to review their report with the Society Treasurer 
and Society administrators. This includes review-
ing accounting procedures and financial controls. 

As of December 31, 1977, current assets of the 
Society were $10,198,959, and current liabilities 
were $1,361,167, a current ratio of 7.7:1, a very 
healthy condition. 

Total operating revenue for 1977 was $2,201,482, 
and total operating expenses were $2,554,943, 
an operating deficiency of $353,461. This de-
ficiency was increased by $47,000 due to write-offs 
from prior years related to costs of Treatise grants, 
giving a total operating loss of $400,461. However, 
the operating loss was more than offset by income 
from investments of $574,903, giving a final excess 
of income over expenses of $174,442. The reduc-
tion in income and expenses compared to the 
calendar year of 1976 was largely due to the record 
size of the Denver convention. 

Below are pie diagrams showing the distribution 
of revenue and expenses. It should be noted that 
along with the transfer of the full responsibility 
for the GeoRef program to AGI next year wil l 
come a major change in our cash flow, a figure of 
approximately $800,000 per year. 

Respectfully submitted, 
William B. Heroy, Jr. 

THE GEOLOGICAL SOCIETY OF AMERICA SOURCE AND APPLICATION OF FUNDS, 1977 
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International Geological Correlation Program 
PROJECT 163 - IGBA 

International Data Base 
for Igneous Petrology 

AN INVITATION 
TO PARTICIPATE 

I I 

I I 

I I R.S.V.P. 

Felix Chayes 
Geophysical Laboratory, Carnegie Institution of Washington 

2801 Upton Street, N.W., Washington, D.C. 20008 
Felix Mutschler 

Department of Geology, Eastern Washington University 
Cheney, Washington 90004 

It is coming to be recognized by petrologists in general that the study 
of igneous rocks is in large part the study of silicate solutions and their 
equilibria, often complicated by the presence of volatile components, 
and is thus to be regarded as essentially a special branch of physical chem-
istry . . . For this rock analyses are all-important—indeed, indispensable. 

H. S. Washington (1917, p. 10) 

When Washington's compilation of 8,602 analyses was 
published in 1917, petrologists had rapid access to per-
haps 90% of the existing stock of whole-rock chemical 
analyses of igneous rocks published after 1883. For a 
few years the petrochemist could readily compare analyti-
cal data he produced with almost the entire data base of 
his science. Unfortunately, Washington's tables were 
never either updated or replaced. Today there are prob-
ably more than 100,000 published whole-rock chemical 
analyses that would qualify for inclusion. We estimate 
that these analyses are scattered through more than 
12,000 individual papers and monographs, so it is a 
nearly impossible task for the scientist to find, collect, 
and evaluate all the "available" analytical data that might 
be relevant to a particular problem. 

Few of us are aware of the size of the public corpus of 
our subject, although in specific situations most of us 
realize that we have lost ready command and control of 
it. As we generate and publish data at an ever increasing 
rate, in an ever increasing number of journals, we are 
more and more vulnerable to the dangers of over-
specialization and undocumented speculation. A publicly 
available computerized data base and appropriate soft-

ware could easily alleviate this rapidly worsening situa-
tion, allowing us to utilize existing information efficiently, 
both for hypothesis testing and in the planning of further 
data acquisition. In the last decade, experience with in-
formation systems designed to exploit independently 
compiled data bases (see, for instance, Chayes, 1975; 
Le Maitre, 1976; or Mutschler and others, 1976), has 
repeatedly demonstrated the enormous potential of the 
approach. It has also revealed limitations inherent in 
every information system tied to a data base characterized 
by incomplete coverage and inadequate information 
content, afflictions from which, to varying extents, all 
existing penological and petrochemical bases suffer. 

International Geological Correlation Project 163— 
IGBA (IGneous BAse) has been established by UNESCO 
and the International Union of Geological Sciences to 
compile a comprehensive retrospective data base for 
igneous petrology. It is hoped that this computerized 
"library," to be compiled by volunteer contributors, will 
ultimately include data on each rock specimen for which 
a chemical analysis has been published in a journal, 
serial, monograph, or other reference work postdating 
1917. At a 1977 meeting in Bochum, West Germany, 
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Figure 1. (Left and above) Example of a completed IGBA coding form (reduced from original 
21.5 cm by 35.7 cm sheet). Reference for coded specimen is Hawley and Wobus (1977) . 
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petrologists from nine nations edited and approved a 
one-sheet form for use in coding the geographic, geologic, 
pétrographie, minéralogie, and chemical attributes re-
ported for each specimen. A completed coding form is 
reproduced as Figure 1 here. 

When the data base is available to the scientific public, 
petrologists will be able to retrieve promptly all or any 
part of it in any of a variety of formats and output 
media. Imagine placing an esoteric request such as, "Give 
me all the analyses of igneous rocks of Eocene to Holo-
cene age, occurring between latitudes 64°00 ' and 
66°30'N, and between longitudes 13"00' and 24°30'W, 
that contain molecular Na20 + K20 > molecular A1203, 
and have quartz phenocrysts," and getting the answer 
in seconds! Clearly, access to such a computerized index 
would allow petrologists to evaluate routinely many for-
midable problems in rock nomenclature and classification, 
relationships between tectonic style and magma chemistry 
and genesis, petrochemical constraints for geophysical 
crustal models, and geochemical prospecting guides for 
ore and energy resources. 

Successful development of IGBA will depend on how 
rapidly and accurately we are able to code data from the 
literature into machine-readable form. Except for the 
analyses themselves that are usually jjiven in tables, the 
information to be coded is of a kind ordinarily embedded 
in the texts of the reference papers, so that coding must 
be done by professional petrologists'able and willing to 
spend time searching out data from papers and mono-
graphs in the world's major languages. IGBA invites all 
interested petrologists to join in this endeavor. If there 
are no contributors, there will be no data base. 

Our central office will (1) distribute coding forms and 
instructions to contributors, (2) arrange for keypunching 
coded data forwarded by contributors, (3) return listings 
of punched data to contributors for proofing, (4) dis-
tribute machine-readable copies of data files to contribu-
tors, and (5) to avoid duplication, confirm responsibility 
for coding, by journal or by area, with contributors. 

The only rewards IGBA can offer volunteer contribu-
tors are citation in the base and early access to it during 
the few years before it is large enough to release to the 
public. Each contributor will be entitled to request, at 
the cost of reproduction and postage, a computer-
readable magnetic tape copy of the entire current IGBA 
file at the end of each calendar year during which he has 
submitted copy included in it. We hope that within five 
years IGBA will constitute a viable, growing file of suffi-
cient size to justify completely public operation. We shall 

attempt to make stable arrangements so that any in-
terested person may then routinely order copies of, or 
partial data retrievals from, the data base. 

National IGBA groups have been organized, or are 
being organized, in Australia, Bulgaria, India, Spain, Tur-
key, the United ¡states of America, Venezuela, and Yugo-
slavia, and there is active interest also in Belgium, Cyprus, 
Czechoslovakia, Denmark, France, Great Britain, Iceland, 
Italy, and the Netherlands. Some groups plan to establish 
offices to coordinate the work of contributors in regional 
or national areas, and to provide keypunching and other 
services for their associated contributors. Several national 
groups are applying for funding from agencies in their 
own nations. 

If you are able to contribute some of your time and 
skill to the coding of data for IGBA, please let us know. 
The sooner you act, the more likely is it that the journals, 
areas, or rocks that particularly interest you will still be 
available for assignment. 
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American Institute of Physics offers reduced 
subscription rates to GSA members 

We have received at headquarters the following 
information and generous offer from the American 
Institute of Physics: 

It is the policy of the Institute to offer reduced-rate 
subscriptions for its own journals to members of affili-
ated societies. This offer is limited to one subscription 
per person to each journal. If any GSA member wishes 
to take advantage of this offer, he should send his sub-
scription orders, with remittances, directly to the 
American Institute of Physics, 335 East 45th Street, 
New York, NY 10017, and include a statement indicat-
ing that he is a member of GSA, an affiliated society. 

Following is a list of Institute-owned journals show-
ing the member rates that arc available to members of 
our society, and the nonmember rates, for 1979: 

Member N o n m e m b e r 
Rate Rate 

Journal of Appl ied Physics $ 2 4 . 5 0 $ 1 1 2 . 0 0 
Appl ied Physics Letters 1 3 . 0 0 5 5 . 0 0 
T h e Journal of Chemical Physics 4 2 . 0 0 1 9 5 . 0 0 
Journal of Mathemat ical Physics 1 8 . 0 0 9 5 . 0 0 
T h e Physics of Fluids 1 8 . 0 0 9 5 . 0 0 
Physics T o d a y 1 0 . 0 0 2 4 . 0 0 
T h e Review of Scientif ic Instruments 1 5 . 0 0 5 0 . 0 0 
Current Physics Index 3 0 . 0 0 9 5 . 0 0 
Journal of Physical and Chemical 

Reference Data 2 5 . 0 0 9 0 . 0 0 

âeptewiek BULLETIM 
Brief summaries of articles in the September 1978 GSA 
Bulletin are provided on the following pages to aid mem-
bers who chose the lower dues option to select Bulletin 

* * 

• 80901— Basaltic ring structures of the Columbia Plateau. 
Carroll Ann Hodges, U.S. Geological Survey, Menlo 

Park, California 94025. (9 p., 14 figs.) 

Circular structures, defined by arcuate, concentric ridges 
and scraps that surround hills, mesas, or crater-like 
depressions, are localized in an exceptionally thick section 
of the Roza Member of the Yakima Basalt on the Colum-
bia Plateau. Autointrusive dikes are conspicuous in most 
ridge segments. Palagonite discovered in a few central 
hills appears genetically related to the ring structures and 
suggests an origin involving interaction of water and 
lava. The dikes intruded a crust about 30 m thick, how-
ever, so that substantial cooling must have occurred prior 
to formation of the rings. 

A plausible explanation for these unusual features may 
hinge on the disruption of drainage that occurred as a 
result of the voluminous basalt extrusion. If, after partial 
cooling, the molten interior of this thick ponded Roza 
flow were intersected by a rising ground-water table, 
rapidly accumulating volatiles could have caused explo-
sive venting as well as doming and cracking of the crust, 
with concurrent emplacement of granulated sideromelane 
(later palagonitized) and tephra in craters and fractures. 
Subsidence of the crust after initial venting could have 
permitted intrusion of melt into fractures predominantly 
concentric to the focus of pressure release. Subsequent 
catastrophic erosion by the Missoula floods effectively 
removed most of the surficial clues to original structure 

separates of their choice. The document number of each 
article is repeated on the coupon and mailing label in 
this section. 

and morphology, leaving the roots of these enigmatic 
features partly exposed. 

• 80902—Older Guiana basement south of the Imataca 
Complex in Venezuela, and in Suriname. 

Henri E. Gaudette, Department of Earth Sciences, 
University of New Hampshire, Durham, New Hampshire 
03824; Patrick M. Hurley, Harold W. Fairbairn, Depart-
ment of Earth and Planetary Sciences, Massachusetts 
Institute of Technology, Cambridge, Massachusetts 
02139; Anibal Espejo, Ministry of Mines and Hydro-
carbons, Caracas, Venezuela; E. Henk Dahlberg, Geo-
logical and Mining Service, Paramaribo, Suriname. (5 p., 
5 figs., 3 tbls.) 

Older basement rocks of the northeastern Guiana shield 
in South America underlie supracrustal sequences in 
Venezuela, Guyana, Suriname, and French Guiana. The 
supracrustal rocks are believed to be coeval and of early 
Proterozoic age and have been correlated with the upper 
and lower Birrimian rocks of West Africa. In West Africa 
the Birrimian sequence is underlain by basement rocks of 
the 2,700 m.y. B.P. Liberian event. These supracrustal 
rocks in both South America and West Africa are in-
truded by granites related to the Trans-Amazonian-
Eburnean thermotectonic event. 

Rb-Sr and U-Pb isotopic age measurements of the 
basement rocks of the Pastora province, Venezuela, and 
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the Bakhuis Mountains, Suriname, yield ages of 2,600 to 
2,800 m.y. The isotopie ages of these rocks in South 
America reinforce correlation of this older basement with 
the Imataca province in Venezuela, and the 2,700 ± 100 
m.y. old Liberian orogeny basement in West Africa. 

A unified pre-drift Precambrian stratigraphy extending 
throughout the entire West African-Guiana shield area is 
strongly suggested. 

• 80903—Cyclic fracture mechanisms in cooling basalt. 
Michael P. Ryan, Charles G. Sammis, Department of 

Geosciences, Pennsylvania State University, University 
Park, Pennsylvania 16802 (present addresses, Ryan: 
Department of Mineral Sciences, Smithsonian Institution, 
Washington, D.C. 20560; Sammis: Department of Geo-
logical Sciences, University of Southern California, Los 
Angeles, California 90007). (14 p., 22 figs., 1 tbl.) 

Striae on the fracture surface of columnar joints in basalt 
may be rationalized in the light of experimental fracture 
mechanics. Morphologic similarity between experimen-
tally produced and natural fracture surfaces suggests that 
the striae in basalt were formed during incremental crack 
advances accompanying cyclic stress buildup and release 
in the cooling body. Fracture surfaces in a Hawaiian 
flow (Boiling Pots) are striated by alternating smooth 
( - 2 . 5 cm wide) and rough ( ~ 1.0 cm wide) zones normal 
to the column axis, which suggest elastic and nonelastic 
failure, respectively. By analogy to laboratory studies of 
cyclically fatigued samples, the rough band is interpreted 
as representing successive stopping positions of the crack 
tip during fracture. Seismic studies of thermal cracking 
in Kilauea Iki lava lake (Hawaii) indicate that thermal 
fracture in cooling basalt is a discrete event, character-
ized by a sudden period of crack advance. Comparison 
between cooling units shows that thin bodies have narrow 
striae and column faces, while thick bodies have wide 
striae and column faces. This suggests the importance of 
relative temperature gradients (that is, cooling rates) in 
driving the crack advance. Observations of the sense of 
shear on column faces [as revealed by orientations of 
small platelets (fracture lances) within striae] permit a 
kinematic interpretation of polygon development and 
suggest that purely tensile opening frequently is coupled 
with antiplane shear during crack propagation. Striations 
are thus a record of the crack advance in cooling basalt; 
not only should they provide a new tool for the field 
geologist, but their interpretation should lay the basis for 
models that examine the coupling of the thermal and 
mechanical behavior in subsolidus cooling basalt. 

• 80904—Geology, petrology, and geochemistry of Isla 
Tortuga, a recently formed tholeiitic island in the Gulf 
of California. 

R. Batiza, University of California, San Diego, Scripps 
Institution of Oceanography, La Jolla, California 92093 
(present address: Department of Earth and Planetary 
Sciences, Washington University, and McDonnell Space 
Center, St. Louis, Missouri 63130). (16 p., 13 figs., 5 tbls.) 

Isla Tortuga is a recently formed volcanic island located 
on a fracture zone of an active spreading trough in the 
Gulf of California. The volcano is composed of tholeiitic 
basalt lava flows and vitric tuffs and minor volumes of 
tholeiitic andesite. It was built in at least two stages by a 
northward-migrating point source of volcanism. The latest 
stage of activity culminated in caldera collapse, extrusion 
of the surficial flows, and the formation of a lava lake. 
The suite of basalts and Fe-Ti-rich basalts on Tortuga is 
chemically very similar to suites of ocean-ridge tholeiite. 
The chemical variation observed in the Tortuga basalts 
can be explained by removal of the low-pressure phase 
assemblage PI + Cpx + Ol from a relatively "primitive" 
(high Mg/Fe) tholeiitic basalt parental magma. The 
chemical variation of coarse-grained basaltic pegmatoidal 
segregations, which occur in thick flows on Tortuga, is 
similar to that of the basaltic lavas. These pegmatoids 
have fractionated in situ and have produced Si02-rich 
liquids (interstitial glass) by the separation of PI + Cpx 
+ Ol + ilmenomagnetite and /or ilmenite from basaltic 
liquids. The most primitive Tortuga basalts are similar 
to ocean-ridge tholeiite in 87Sr/86Sr ratio and large-ion 
lithophile element abundance, but have higher sodium 
contents. This may be due to halite assimilation by the 
Tortuga basalt liquids. 

• 80905—Rb-Sr and U-Pb isotopic studies of the north-
eastern Idaho batholith and border zone. 

Ronald B. Chase, Department of Geology, Western 
Michigan University, Kalamazoo, Michigan 49008; M. E. 
Bickford, Department of Geology, University of Kansas, 
Lawrence, Kansas 66045; Steven E. Tripp, Department 
of Geology, Western Michigan University, Kalamazoo, 
Michigan 49008 {present address: Tyler Combustion 
Engineering, 8200 Tyler Boulevard, Mentor, Ohio 44060). 
(10 p., 10 figs., 5 tbls.) 

Border-zone rocks of the northeastern Idaho batholith 
have been subjected to multiphase penetrative deforma-
tion, regional metamorphism up to sillimanite-orthoclase 
grade, and multiple intrusion. Intrusion was accompanied 
by diapiric uprise of the plutonic-metamorphic complex, 
with extensive cataclasis and flow folding along the east-
ern margin of the rising gneiss dome. Normal faulting 
followed, with inylonitization and greenschist-grade 
metamorphism in local shear zones. 

Ages of some thermal events are estimated as follows: 
85 ± 35 m.y. for a metamorphic event that affected 
quartzofeldspathic gneiss (Rb/Sr whole-rock line of best 
fit); 82 ± 10 m.y. for the emplacement of a quartz-
diorite orthogneiss (estimate based on U/Pb isotopic 
ratios from a single zircon fraction); 66 ± 10 m.y. for 
the main stage of batholithic emplacement (U-Pb con-
cordia-lower intercept age); 46 ± 5 m.y., 42 ± 8 m.y., 
and 39 ± 2 m.y. for Rb/Sr isotopic equilibration late 
in the thermal evolution of the plutons (Rb/Sr mineral 
isochrons). 

The older dates conform generally to the range of in-
trusive ages assigned to the Flint Creek plutons and the 
Boulder batholith to the east. The younger dates reflect 
the igneous-hydrothermal-tectonic event of Eocene-
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Oligocene time which has reset K-Ar and fission-track 
(apatite) dates within the general Idaho batholith igneous 
complex. 

Magmas that formed the northeastern Idaho batholith 
were derived from, or contaminated with, older crustal 
material. This statement is supported by a 1.9001- to 
2,250-m.y. upper intercept age for batholithic zircons, 
some of which show' euhedral overgrowths on anhedral 
cores, and by relatively high whole-rock Sr87/Sr86 ratios 
from samples with low Rb87/Sr86 ratios. 

• 80906—Geology and age of the Parguaza rapakivi 
granite, Venezuela. 

Henri E. Gaudette, Department of Earth Sciences, Uni-
versity of New Hampshire, Durham, New Hampshire 
03824; Vicente Mendoza, Direccion de Geologia, Minis-
terio de Minas e Hidrocarburos, Caracas, Venezuela; 
Patrick M. Hurley, Harold W. Fairbairn, Department of 
Earth and Planetary Sciences, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 02139. (6 p., 
5 figs., 3 tbls.) 

The l,550-m.y.-old Paraguaza granite of the northwestern 
Guayana Shield in Venezuela represents one of the larger, 
apparently anorogenic rapakivi intrusive rocks of the 
world. The massive rapakivi granite intrudes foliated 
granitic rocks and associated volcanic rocks of trans-
Amazonian age in a structural setting transcurrent to the 
general northeast-southwest trend of the older basement 
rocks of the Guayana Shield. Age relations and the geo-
chemistry of the rapakivi suggest an anatectic origin from 
tensional effects developed by internal distortions within a 
continental mass. 

The extensive l,550-m.y.-old Parguaza intrusion in 
Venezuela is correlated with l,550-m.y.-old basement 
rocks underlying the Amazon Basin in Brazil and suggests 
a widespread "Parguazan" event 1,500 to 1,600 m.y. ago 
which affected a large part of the northwestern and south-
ern Guayana Shield, extending as far south as the Guapore 
craton of Brazil. The Parguazan event therefore marks an 
important Proterozoic episode in the tectonic evolution of 
the widespread Precambrian Shield area of northern South 
America. 

• 80907—Terrestrial heat flow and crustal radioactivity in 
northeastern New Mexico and southeastern Colorado. 

C. L. Edwards, Marshall Reiter, Charles Shearer, 
Wesley Young, Geoscience Department and New Mexico 
Bureau of Mines and Mineral Resources, New Mexico 
Institute of Mining and Technology, Socorro, New Mexico 
87801 (present address, Edwards: Los Alamos Scientific 
Laboratory, University of California, P.O. Box 1663, 
Los Alamos, New Mexico 87545). (10 p., 5 figs., 2 tbls.) 

New heat-flow data obtained in northeastern New Mexico 
and southeastern Colorado show three regional trends: 
(1) A broad heat-flow anomaly associated with the south-
ern Rocky Mountains contrasts with a narrow heat-flow 
anomaly between lat 35.5° and 34°N, apparently asso-
ciated only with the Rio Grande rift. (2) The high heat-

flow anomaly apparently associated with the southern 
Rocky Mountains extends 200 to 300 km onto the Great 
Plains of northeastern New Mexico and southeastern 
Colorado. (3) Areas of extensive volcanic activity do not 
necessarily have high heat flow. In addition, measure-
ments of crustal radioactivity in the vicinity of the Rio 
Grande rift suggest that the radioactive heat generation 
contributes uniformly to the surface heat flow. This im-
plies that the heat-flow anomaly observed along the Rio 
Grande rift is caused by tectonic and volcanic sources and 
not by anomalously high crustal radioactivity. 

• 80908—Geology, geochemistry, and tectonic setting of 
the Ben Ghnema batholith, Tibesti massif, southern Libya. 

Mohamed A. Ghuma, Department of Geology, Faculty 
of Science, Fatih University, P.O. Box 656, Tripoli, 
Libyan Arab People's Socialist Jamahiriya; John J. W. 
Rogers, Department of Geology, University of North 
Carolina at Chapel Hill, Mitchell Hall 029A, Chapel Hill, 
North Carolina 27514. (8 p., 13 figs., 1 tbl.) 

The Precambrian Tibesti massif of southern Libya and 
northern Chad is separated from other massifs to the east 
and west by relatively deep basins of Paleozoic and 
younger sedimentary rocks. It is also bordered on the 
north by a northward-thickening wedge of Phanerozoic 
sedimentary rocks and connects southward, under shallow 
sedimentary cover, with the older Precambrian terranes of 
central Africa. 

The northwestern part of the Tibesti massif contains the 
Ben Ghnema batholith, a complex assemblage of plutons 
intruded along a north-south axis between metamorphic 
wall rocks. To the west, the wall rocks are felsic, plat-
formal, and metasedimentary; to the east is a more in-
tensely folded, mafic basinal sequence of metasedimentary 
and metavolcanic rocks. The northern part of the batho-
lith, about 40 by 120 km, contains a typical calc-alkalic 
plutonic assemblage. AFM and other variation diagrams 
for the Ben Ghnema batholith are virtually identical to 
those for the Sierra Nevada and Southern California batho-
liths. Furthermore, the Ben Ghnema batholith exhibits 
compositional variations from tonalite and granodiorite in 
the east to adamellite and granite in the west, identical to 
the west-to-east variation in the Sierra Nevada. The age 
of the Ben Ghnema batholith is 550 m.y. (Pan-African) 
by K-Ar and Rb-Sr methods. 

By analogy with the Sierra Nevada batholith, the Ben 
Ghnema batholith may have formed above a subduction 
zone carrying oceanic crust westward under a continental 
margin located in the northwestern Tibesti massif. This 
conclusion probably implies eastward extension of the 
West African craton across areas now occupied by the 
Ahoggar massif and the Murzuk basin. Events of Pan-
African time in these areas were probably related to intra-
cratonic reactivation. It is also possible that an oceanic 
basin extended eastward from the Tibesti massif to the 
western margin of the Arabian shield in Saudi Arabia, 
where Greenwood and others (1976) have postulated 
northeastward subduction of oceanic crust before and 
during Pan-African time. 
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° 80909—Study of heterogeneous fabric and texture 
within a quartz-feldspar mylonite using the photometric 
method. 

Graham P. Price, Commonwealth Scientific and Indus-
trial Research Organization, Division of Applied Geome-
chanics, Syndal, Victoria, Australia. (14 p., 11 figs., 1 tbl.) 

In a quartz-feldspar mylonite specimen from the Darling 
fault zone, Western Australia, the quartz c-axis fabrics 
were analyzed using a combination of the conventional 
universal-stage methods and the photometric method of 
determining fabric variations. Previously existing tech-
niques for gauging fabric homogeneity proved laborious; 
therefore, detailed analysis was performed using the 
photometric approach. The results were considered in 
relation to grain morphological characteristics, and three 
types of quartz grains were recognized. Domains of each 
of these types of grains exhibited different c-axis fabrics. 
Spatial distribution of fabric parameters determined from 
the photometric data revealed the degree and nature of 
fabric heterogeneity. It is suggested that these variations 
in fabric are the result of variable strain produced by the 
action of a uniform stress on a layered material in which 
alternate layers have different rheological properties re-
lated to the proportion of quartz and feldspar. 

• 80910—Seismotectonics of the Arthur's Pass region, 
South Island, New Zealand. 

John M. W. Rynn, Christopher H. Scholz, Lamont-
Doherty Geological Observatory and Department of Geo-
logical Science, Columbia University, Palisades, New 
York 10964 {present address, Rynn: Research School of 
Earth Sciences, Australian National University, Canberra, 
Australia 2600). (16 p., 9 figs., 2 tbls.) 

The spatial distribution of the seismicity of the Arthur's 
Pass region in South Island, New Zealand, shows that 
earthquakes occur within the crust in definite subparallel 
zones, each with an east-northeast trend. Composite focal 
mechanism solutions indicate that tne compressive axis is 
oriented approximately west-northwest, with an average 
slip direction of N72°E. Comparisons between the 1973 
study described here and one conducted in 1972 reveal no 
differences in the spatial and temporal distributions of the 
seismicity. Tectonically, the region can be considered as 
one in which transference of motion between the Alpine 
fault and the Hikurangi Trench is occurring. This tec-
tonics situation, coupled with the shoaling of the Benioff 
zone associated with a southward migration of the 
Hikurangi Trench, suggests that the deformation in the 
Arthur's Pass region has occurred within the past 2 m.y. 
This region has marked similarities with the Transverse 
Ranges area of the San Andreas fault zone in southern 
California. Both regions are located where two different 
tectonic and seismic "styles" merge—namely, where a 
master fault, with its associated seismic activity consisting 
of infrequent great earthquakes separated by long periods 
of quiescence, branches into a system of splay faults hav-
ing a moderate to high level of continuous activity, with 

the occurrence of large earthquakes. The regions do differ, 
however, in that the long quiet zone on the Alpine fault is 
oblique to the slip vector between plates, whereas similar 
zones of the San Andreas fault are both parallel and non-
parallel to the slip vector. This suggests that long quiet 
zones of strike-slip faults are not a consequence solely of 
the orientation of a fault with respect to the direction of 
relative motion between plates. 

• 80911—Relationship between eustacy and stratigraphic 
sequences of passive margins. 

Walter C. Pitman III, Lamont-Doherty Geological 
Observatory of Columbia University, Palisades, New 
York 10964. (15 p., 8 figs., 2 tbls.) 

It is commonly thought that transgressive or regressive 
events that may have occurred simultaneously on geo-
graphically dispersed continental margins have been caused 
by worldwide sea-level rise or fall, respectively. Instead, 
it is shown here that these events may be caused by changes 
in the rates of sea-level rise or fall. The subsidence of an 
Atlantic-type (passive) margin may be modeled as a bor-
dering platform rotating downward about a landward 
hinge line. The rate of subsidence is greatest at the seaward 
side of the platform and decreases landward to zero at the 
hinge line. With the exception of sea-level changes due to 
glaciation, desiccation, and flooding of small ocean basins 
and other sudden events, the rate of subsidence at the 
seaward edge of the platform (shelf edge) is greater than 
the rate at which sea level may possibly rise or fall. Thus, 
if sea level is falling, the shoreline will seek that point on 
the subsiding platform at which the rate of sea-level fall is 
equal to the rate of subsidence minus the sedimentation 
rate. If the rate of sea-level fall decreases, the shoreline 
will move landward; if the rate increases, the shoreline will 
migrate seaward. If sea level is rising, the shoreline will 
move to that point where the rate of sea-level rise is equal 
to the sedimentation rate minus the subsidence rate. Thus, 
if the rate of sea-level rise decreases, the shoreline will 
move seaward; if the rate increases, the shoreline will 
move landward. The position of the shoreline is also a 
function of the sedimentation rate. These relationships 
have been quantified so that the position of the shoreline 
and the thickness of the sediments deposited during dis-
crete time intervals may be computed as a function of the 
rate of sea-level change and the sedimentation rate. A 
sea-level curve, based on volume changes of the mid-
oceanic ridge system, has been computed. Sea level is seen 
to fall persistently from Late Cretaceous to middle Mio-
cene time, but transgressions occur in Eocene and early 
Miocene time because the rate of sea-level fall is slower for 
these periods. It is concluded also that the presence of the 
shoreline seaward of the shelf edge of an Atlantic margin 
should be symptomatic of events that may cause rapid 
sea-level fall, such as glacial build-up or the sudden flood-
ing of large deep basins. 

• 80912—Signi ficance of chloritoid-bearing and staurolite-
bearing rocks in the Picuris Range, New Mexico. 

M. J. Holdaway, Department of Geological Sciences, 
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Southern Methodist University, Dallas, Texas 75275. 
(11 p., 5 figs., 12 tbls.) 

In the Picuris Range near Taos, New Mexico, the Pre-
cambrian Ortega Quartzite and Rinconada Formation are 
folded together and share a common history. The Ortega 
contains chloritoid-Al silicate and essentially no staurolite, 
and the Rinconada contains staurolite-almandine-bearing 
assemblages with minor graphite. Al silicate-bearing Rin-
conada rocks locally contain Mn-rich garnet. 

All the rocks of the area crystallized at temperatures a 
little above the Al silicate triple point, as indicated by the 
paragenetic sequence kyanite — andalusite — sillimanite. 
Analysis of the assemblages in relation to chloritoid, 
staurolite, and Al silicate stability data, taking into 
account the mineral compositions and the effect of graph-
ite on fluid composition, shows that all the rocks crystal-
lized at 532 ± 20 °C and about 3,700 b P t o t , but PH 0/Ptot 
was 0.88 or less in the Rinconada rocks and near l2 in the 
Ortega rocks. This small difference in Ph2o appears to be 
the most important factor in explaining the juxtaposition 
of chloritoid and staurolite in the two units. 

• 80913—Origin of blueschist-bearing chaotic rocks in 
the Franciscan Complex, San Simeon, California. 

Darrel S. Cowan, Department of Geological Sciences, 
University of Washington, Seattle, Washington 98195. 
(9 p., 8 figs.) 

Chaotic rocks exposed in sea cliffs south of San Simeon, 
California, consist of subrounded to lens-shaped frag-
ments of graywacke, greenstone, and less abundant blue-
schist and chert dispersed in a matrix of argillite. This 
nonbedded mélange has been deformed twice. An earlier 
deformation, D t , produced a strong northwest-striking, 
northeast-dipping foliation defined by both tectonically 
flattened inclusions and a parallel penetrative cleavage in 
argillite. Most inclusions, even of blueschist, are imperfect 
oblate illipsoids or display pinch-and-swell structure and, 
locally, extreme necking and boudinage. Overall ductile 
behavior during Dj was succeeded by the development of 
subparallel shear fractures that record a brittle deforma-
tion, D2. Displacements on these fractures were generally 
small or negligible. 

It is clear that neither Dj or D2 was responsible for the 
original lithologic heterogeneity and chaotic fabric of the 
mélange. Mixing of foliated, glaucophane-lawsonite blue-
schist with lower-grade graywacke and greenstone to yield 
a nonbedded diamictite composed of variously sized clasts 
in a mudstone matrix must have occurred prior to D t , 
probably by sedimentary processes involving submarine 
sliding and downslope transport of debris flows. There is 
no evidence that the mélange was bedded or that the 
blueschist inclusions were tectonically introduced among 
lower-grade rocks, prior to D,. The sequence of sedimen-
tary and tectonic events suggests that as the subduction 
ultimately responsible for the Franciscan Complex as a 
whole proceeded, blueschists in elevated parts of pre-
viously accreted material were eroded, mixed with lower-
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grade rock, and deposited as olistostromes that were sub-
sequently accreted and deformed. 

• 80914—Textural and structural modification history in 
the Red Hill layered syenitic complex, New Hampshire. 

William B. Size, Department of Geology, Emory Uni-
versity, Atlanta, Georgia 30322. (5 p., 5 figs.) 

Textures and structures present in magmatic rocks repre-
sent the additive results of continuous activity from crys-
tallization through post-solidification. Layered syenitic 
rocks from the Red Hill intrusive complex show deformed 
cumulate textures and structures that are used to determine 
the relative time sequence of their formation and develop-
ment. Texture and structure formations are related to five 
phases of crystal-magma evolution: primary crystalliza-
tion, early accumulation, intermediate accumulation, late 
accumulation, and post-solidifica:ion. Individual features 
are related to one of the phases and to the processes that 
were operating during the phase. By assembling all of the 
textures and structures into a relative order of appearance, 
it is possible to identify major wiole-rock textural trans-
formations. These grade from early-formed cumulate 
texture through tightly packed laminate, to hypidio-
morphic-inequigranular, allotricmorphic-granular, and 
finally, recrystallized mosaic texture. 
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• 80915d—Gravity tectonic removal of cover of Blue 
Ridge anticlinorium to form Valley and Ridge province: 
Discussion. (I p.) 

Discussion: Peter Geiser, Department of Geology, Uni-
versity of Connecticut, Storrs, Connecticut 08268. 

• 80916—Medals and Awards for 1977. 

Presentation of the Penrose Medal to Robert P. Sharp. 
Citation by Clarence R. Allen. 

Presentation of the Arthur L. Day Medal to Akiho 
Miyashiro. Citation by W. G. Ernst. Response by Akiho 
Miyashiro. 
Presentation of the Kirk Bryan Award to Michael Church. 
Citation by J. T. Andrews. Response by Michael Church. 

Presentation of the O. E. Meinzer Award to Jacob Rubin 
and Ronald V. James. Citation by J. D. Bredehoeft. 
Response by Jacob Rubin and Ronald V. James. 
Presentation of the E. B. Burwell, Jr., Memorial Award 
to Richard E. Goodman. Citation by Murray R. 
McComas. Response by Richard Goodman. 

Presentation of the Gilbert H. Cady Award to William 
Spackman. Citation by Russell R. Dutcher. Response by 
William Spackman. 
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