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1975 research grants awarded 

At its March meeting, the 1975 Committee on Re-
search Grants reviewed 320 applications and recom-
mended 95 of them to the Council for financial 
support. Three grants were awarded to senior investi-
gators and 92 to people working toward advanced 
degrees. The total amount awarded was $62,430 with 
grants ranging from $250 to $1,300 each. These funds 
consist of $50,000 from the Council from the endow-
ment fund, $11,500 from contributions from industry, 
and $900 income from the Harold T. Stearns Fellow-
ship Fund. 

The committee voted to recommend Thomas R. 
Bultman, Yale University, to be the first recipient of 
the Harold T. Stearns Award for research on one or 
more aspects of the geology of the circum-Pacific 
region. Mr. Bultman's project in Alaska is .titled "The 
Stratigraphic and Structural Evolution of a Mesozoic 
Behind-the-Arc Basin." 

The Penrose Grants Fund was augmented by 
$11,500 in generous gifts to the Society from eight oil 
companies: Mobi l Oil Corporation, Ashland Oil , Inc., 
Gulf Oi l Foundation, Texaco, Inc., Marathon Oil 
Company, Chevron Oil Field Research Company, 
Union Oi l Company, and Shell Development Com-
pany. Sixteen promising young earth scientists whose 
projects fall in the general range of the interest of the 
donors were chosen as recipients of these gifts. 

The Committee singled out six young scientists and 
their outstanding proposals to be brought to the 
attention of the membership of the Society. These are 

• Rodey Batiza, Scripps Institute of Oceanography, 
"Geochemical evolution of oceanic central volcanoes 
near constructional plate margins" 

• Ian James Duncan, University of British Columbia, 
"An experimental and field study of cordierite geo-
barometry" 

• Frederick B. Keller, Yale University, "Precambrian 
sedimentology and structural chronology of a portion 
of the Tennessee Blue Ridge" 

• David Ronald Kobluk, McMaster University, "The 
accuracy and reliability of coral growth bands in 
determining coral growth rates" 

• Daniel E. Lawson, University of Illinois at Urbana-
Champaign, "Alaskan valley glaciers: Sediment trans-
port and deposition within the terminus region" 

• Jason Saleeby, University of California at Santa Bar-
bara, "Structure, petrology and geochronology of the 
mafic-ultramafic complex in the western Sierra 
Nevada foothil ls between the Kings and Tule Rivers, 
California" 

Application forms and detailed instructions for 1976 
grants wil l be sent, upon request, by the Executive 
Director, GSA, 3300 Penrose Place, Boulder, Colorado 
80301. 

New illustration manual needed? 

A proposal has come into Society headquarters for 
the cooperative development of a handbook for the 
production of slides and other illustrative materials 
that might be used at scientific meetings of the 
Society. 

Through the years, there have been several items 
published as aids to slide and illustration preparation. 
It would be helpful to headquarters if members could 
let us know their feeling of need for a new handbook 
with a new approach designed to serve this need. 

Confusion still exists about Geotimes 

We have learned from AG I headquarters that there 
still exists some confusion about the status of Geo-
times. They continue to get change-of-address notices 
from members of member societies who have not sub-
scribed to Geotimes and therefore are not getting the 
magazine. 

To remind you of the present status, although GSA 
continues to pay its dues of $2 per member to AGI, 
this no longer brings a subscription to Geotimes. Any 
member of the Society may subscribe to Geotimes at 
the member discount price of $6 per year in contrast 
to the nonmember subscription price of $9. 

Subscriptions to Geotimes have been received at 
AGI headquarters at the predicted rate which, it is 
hoped, wil l assure the continued existence of the 
magazine. 
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PRELIMINARY ANNOUNCEMENT AND CALL FOR PAPERS 

SOUTHEASTERN SECTION, 25th ANNUAL MEETING jointlyi 

NORTHEASTERN SECTION, 11th ANNUAL MEETING 

Arlington, Virginia, March 22-29, 1976 

S P O N S O R E D BY T h e U.S. Geological Survey The Geological Society of Washington T h e Mary land Geological Survey 
T h e Virginia Geological Survey Depar tment of Geology, University of Mary land 
Depar tment of Earth and Planetary Sciences, Johns Hopkins University 
Depar tment of Geological Sciences, Virginia Polytechnic Inst i tute and State University 
Depar tment of Geology, George Washington University Depar tment of Geology, Howard University 

T h e N O R T H E A S T E R N and S O U T H E A S T E R N S E C T I O N S of 
the Geological Society of America wil l meet jo int ly March 2 2 - 2 9 , 
1 9 7 6 , at the Stouffer 's Nat ional Center Inn, Ar l ington , Virginia, 
together w i th some of their associated societies. 
R E G U L A R T E C H N I C A L S E S S I O N S wil l be held on Thursday, 
Fr iday , and Saturday, March 2 5 - 2 7 . 

S Y M P O S I A ( c h a i r m e n in parentheses) w i l l i n c l ude Southern Ap-
palachian Geology ( J o h n C. Reed, J r . , and R o b e r t D . Ha tche r , 
J r . ) , Northern Appalachian Geology (Dav id S. H a r w o o d ) , Eco-
nomic Geology of the Appalachians ( H e l m u t h W e d o w , J r . , and 
F rank G. Lesure) , Paleontology of the Appalachians; including 
Paleontologic Data Bearing on the Existence of a Proto-Atlantic 
Ocean (Joseph E. Haze l ) , Nuclear Reactor Siting (James F. 
Dav is ) , and Geology of the Atlantic Continental Margin ( R o b -
er t R. J o r d a n ) . 

F I E L D T R I P S w i l l i n c l ude Piedmont Geology of the Fredericks-
burg, Virginia, Area and Vicinity: Lou is Pavl ides; t w o days ; pre-
o r p o s t - m e e t i n g (same t r i p o f f e r e d t w i c e ) ; l i m i t e d t o 42 . Coastal 
Plain Geology of Chesapeake Bay and Vicinity: J. P. Owens , C. S. 
D e n n y , R. B. M i x o n , and J. P. M i n a r d ; th ree days ; pos t -mee t i ng ; 
l i m i t e d t o 140 . Cross Section of the Blue Ridge Anticlinorium in 
Northern Virginia: G. H. Espenshade and J. W. C la rke ; one d a y ; 
p o s t - m e e t i n g ; l i m i t e d t o 4 1 . Platform and Off-Platform Carbon-
ates, Central Appalachians: Juergen R e i n h a r d t and L. A . Ha rd ie ; 
t w o days ; p re -mee t i ng ; l i m i t e d to 41 . Geology of the Baltimore 
Gneiss and the Glenarm Series in the Vicinity of Baltimore, Mary-
land: W i l l i a m C r o w l e y ; one d a y ; pos t -mee t i ng ; l i m i t e d to 42 . Car-
boniferous Stratigraphy of Southwestern Virginia and Southern 
West Virginia: K . J. E n g l u n d and o the rs ; t w o days ; pos t -mee t i ng ; 
l i m i t e d t o 4 0 . 

S H O R T C O U R S E S w i l l i n c l ude Spindle Stage Techniques: F. D . 
Bloss, S. J. L o u i s n a t h a n , and Ed W o l f e ; t h ree days ; p re -mee t i ng ; 
l i m i t e d to 20 . Geology of Plate Tectonics: J. F. D e w e y , Kev in 
B u r k e , and H a r o l d W i l l i ams ; t w o days ; p re -mee t i ng ; l i m i t e d to 40 . 
Advances and Concepts in Environmental Geology: A . J. Froe-
l i ch and J. N . V a n Dr ie l ; th ree days w i t h f ie ld t r i p ; p re -mee t ing ; 
l i m i t e d to 40 . Geochronology and Isotope Geology for Geolo-
gists: A . K. S inha , T . E. K r o g h , T. W. S te rn , and J o h n Su t te r ; t w o 
days ; p re -mee t i ng ; l i m i t e d to 40 . Geophysical Methods Applied 
to Geologic Problems in the Appalachians: M . F. Kane, H . D . 
A c k e r m a n n ; A . A . R . Z o h d y , W. F. Hanna , and D. L. Danie ls , th ree 
days; p re -mee t i ng ; l i m i t e d t o 25 . Geophysics for Geologists: Isi-
d o r e Z i e t z and G. P. E a t o n ; t w o days ; p re -mee t i ng ; l i m i t e d t o 25 . 

S P O U S E S ' A C T I V I T I E S w i l i i n c l ude ( 1 ) a one -day t r i p t o an-
t i q u e shops in N e w M a r k e t , M a r y l a n d ; (2) a one-day t o u r of man-
sions and h i s to r i c homes in t he W a s h i n g t o n - N o r t h e r n V i r g i n i a -
S o u t h e r n M a r y l a n d areas; and (3) a one-day t ou r o f W a s h i n g t o n , 
D .C . 

C A L L F O R P A P E R S . Papers are i n v i t e d for p resen ta t i on at t he 
techn ica l sessions. Mos t papers w i l l be a l l o w e d 15 m i n u t e s f o r 
p r e s e n t a t i o n a n d 5 m i n u t e s for d iscuss ion . Deadline for abstracts 
is November 3, 1975. A b s t r a c t s are l i m i t e d t o 2 5 0 wo rds . 

A B S T R A C T F O R M S t h a t must be used m a y be o b t a i n e d f r o m 

A b s t r a c t s Secre ta ry 
Geo log ica l Soc ie t y o f A m e r i c a 
3 3 0 0 Penrose Place 
B o u l d e r , C o l o r a d o 8 0 3 0 1 
(303) 4 4 7 - 2 0 2 0 or 

Michae l W. H igg ins 
U.S. Geo log ica l Su rvey 
9 2 8 N a t i o n a l Cen te r 
Res ton , V i r g i n i a 2 2 0 9 2 
(703 ) 8 6 0 - 6 5 0 3 

Send one o r i g i na l 
and t w o cop ies . 

ABSTRACTS SHOULD BE SENT TO 
Michae l W. H igg ins 
U.S. Geo log ica l Survey 
9 2 8 N a t i o n a l Cen te r 
Res ton , V i r g i n i a 2 2 0 9 2 
(703 ) 8 6 0 - 6 5 0 3 

A W A R D S w i l l be g iven f o r the best s t u d e n t papers in the cate-
gor ies o f unde rg radua t e , master 's c a n d i d a t e , and Ph.D. c a n d i d a t e . 
Each a w a r d w i l l be fo r $ 5 0 and a year 's f ree s t u d e n t m e m b e r s h i p 
in G S A . 

P R O J E C T I O N E Q U I P M E N T f o r 2 " x 2 " ( 3 5 - m m ) slides o n l y 
w i l l be ava i lab le , w i t h t w o screens per m e e t i n g r o o m . 

T H E G S A E M P L O Y M E N T I N T E R V I E W S E R V I C E w i l l be avai l -
ab le f o r b o t h e m p l o y e e s and e m p l o y e r s . N o t i f i c a t i o n t ha t y o u 
w i sh t o p a r t i c i p a t e s h o u l d be m a d e no later t h a n Janua ry 15, 
1976 . T h e ear l ier w e are aware o f y o u r i n t e n d e d p a r t i c i p a t i o n , 
t he be t te r w e can serve y o u . T o a n n o u n c e y o u r p a r t i c i p a t i o n or 
f o r f u r t h e r i n f o r m a t i o n w r i t e t o 

J o a n H e c k m a n , M e m b e r s h i p Ass is tan t 
Geo log i ca l Soc ie t y of A m e r i c a 
3 3 0 0 Penrose Place 
B o u l d e r , C o l o r a d o 8 0 3 0 1 
(303) 4 4 7 - 2 0 2 0 

D E T A I L E D I N F O R M A T I O N c o n c e r n i n g reg i s t r a t i on , m o t e l ac-
c o m m o d a t i o n s , and o t h e r ac t i v i t i es w i l l appear in t he News & 
I n f o r m a t i o n sec t ion of a later issue o f Geology and as a pa r t o f 
t he Abstracts w i th Programs for 1 9 7 6 f o r the t w o sect ions. 

E X H I B I T S P A C E w i l l be ava i lab le near t he sessions in the m a i n 
m o t e l . Renta l costs w i l l be $ 2 0 0 fo r c o m m e r c i a l e x h i b i t s and 
$ 5 0 f o r e d u c a t i o n a l e x h i b i t s . Fo r a d d i t i o n a l i n f o r m a t i o n w r i t e t o 
Jack M e d l i n F red H a n d y 

U.S. Geo log ica l S j r v e y Geo log i ca l S o c i e t y o f A m e r i c a 
9 5 6 N a t i o n a l Cen te r 3 3 0 0 Penrose Place 
Res ton , V i r g i n i a 2 2 0 9 2 or B o u l d e r , C o l o r a d o 8 0 3 0 1 

( 3 0 3 ) 4 4 7 - 2 0 2 0 

ADDIT IONAL INFORMATION, 
R E Q U E S T S , O R S U G G E S T I O N S s h o u l d be d i r e c t e d t o 
M ichae l W. Higg ins N o r m a n L. H a t c h , Jr . 

U.S. Geo log i ca l Survey U.S. Geo log ica l Survey 
9 2 8 N a t i o n a l Cen te r 9 2 6 - A N a t i o n a l Cen te r 
Res ton , V i r g i n i a 2 2 0 9 2 Res ton , V i r g i n i a 2 2 0 9 2 
(703) 8 6 0 - 6 5 0 3 or (703) 8 6 0 - 6 4 0 4 

314 JUNE 1975 

Downloaded from http://pubs.geoscienceworld.org/gsa/geology/article-pdf/3/6/313/3521986/i0091-7613-3-6-313.pdf
by GSA Content
on 29 November 2022



The Geological Society of America 
Annual Report for 1974 
Part 2. Reports of the Committee on Research 

Grants and the Executive Secretary 

Report of the Committee on Research Grants 

To the Council and Membership of The Geological Society 

The Committee on Research Grants, consisting of 
George deVries Klein, Anthony J. Naldrett, Wi l l iam E. 
Benson, conferee, and David B. Slemmons, Chairman, 
met in Boulder at Society headquarters on March 10 
and 11, 1974. 

The committee was very pleased wi th the increase 
to $100,000 for the Research Grants Fund, which 
made it possible to increase the number of grants 
awarded, and although it was possible to increase the 
average dollar amount of the grants, the increase was 
lower than the amount of inflation. Of the 249 
applications considered, 138 were recommended for 
support at an average level of $735 per supported pro-
posal. The total amount requested was $228,255 and 
the total recommended for support was $101,522. The 
increase in funds permitted the committee to increase 
the percentage of applications supported to 55 percent. 

During 1974, the Council accepted a gift f rom Dr. 
Harold T. Stearns and approved the establishment of 
a Harold T. Stearns Fellowship Fund. The income 
from the fund wi l l be used to award periodically a 
grant in support of research on one or more aspects 

SUMMARY OF C O M M I T T E E RECOMMENDATIONS AND C O U N C I L A C T I O N S 
l 9 7 ^ RESEARCH GRANTS 

Appl Î c a n t s Requested by 
app i 1 c a n t s 

Recommended 

Commi t t ee recommendat i ons 

Ca tegory I (recommended f o r s u p p o r t ) 
Sen i o r Inves t i g a t o r s 
D o c t o r a l c a n d i d a t e s 

S u b t o t a l 

7 
131 
m 

S 5 ,996 
118,192 

5124 ,188 

$ 4 ,550 
9 6 , 9 7 2 

$101 ,522 

C a t e g o r y 11 ( n o t recommended f o r s u p p o r t ! 
S e n i o r i n v e s t i g a t o r s 
Doc to ra1 cand i d a t e s 

S u b t o t a l 

) 
33 
78 

111 

5 41 ,977 
62 ,090 

$104 ,067 

GRAND TOTAL 2*49 $228 ,255 $101 ,522 

Counc i1 a c t i o n 

Suppo r t a l 1 Ca tego ry 1 p r o j e c t s 138 $124 ,188 $101 ,522 

Approved a p p l i c a t i o n s w i t h d r a w n l a t e r (6 ) ( 4 , 8 8 2 ) ( 4 , 3 2 5 ) 

A l t e r n a t e s awarded 

R e d u c t i o n r e s u l t i n g f r o m 
r e f u n d s made by g r a n t e e s 

6 
m 

6 ,800 
$126 ,106 

3 , 0 5 0 
$100 ,247 

$ 1 ,376 
$ 98 ,871 

T h e Annual Report for 1 9 7 4 , ra ther t h a n be ing p r i n t e d and dis-
t r i b u t e d separa te ly , w i l l appear th is year in t h e N e w s & I n f o r m a -
t i o n sec t ion in segmented f o r m . Th i s is t he second pa r t o f t h e 
series. 

of America, Inc.: 
of the geology of the circum-Pacific region. This 
fellowship fund is distinct from the GSA Penrose 
Research Grants and is restricted in its use to the 
particular region. The awardee wi l l be selected by the 
Research Grants Committee. 

The committee welcomed receipt of $1,500 in addi-
t ional funds made available by the Council f rom 
donations received by the Society. Grants from these 
additional funds were assigned to proposals appropri-
ate to the geological interest of the donor, who wi l l 
be properly acknowledged by the grantees. 

A major concern was expressed by the committee 
in view of a potential reduction in the Research Grants 
Fund due to the financial problems of the Society. 
These problems wi l l lead to a reduction in funding 
available for research grants, and the committee felt 
that efforts should be made to appeal to addit ional 
sources of funds in industrial fields of geology. 

The review process continued to work well, and no 
changes are suggested. 

Respectfully submitted, 
George deVries Klein 
Anthony /. Naldrett 
William E. Benson, Conferee 
David B. Slemmons, Chairman 

Report of the Executive Secretary 

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

The Executive Secretary's report for 1973 closed 
with an optimist ic statement: " I believe I am turning 
over a healthy, going, concern to my successor." 
Going? Yes, unquestionably GSA kept going, and 
growing, in 1974, and it is certain to keep going in 
the future. But healthy? Well, not exactly. Financial 
storm clouds that were gathering even in 1973 took 
ominous form early in 1974 and reached what we all 
hope was a cl imactic storm that year. 

GSA's financial problems were primarily caused, of 
course, by rampant inf lat ion, accompanied by an in-
creasingly severe recession in the nation's economy. 

( c o n t i n u e d on page 316) 
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Annual Report for 1974 (continued) 
Internally, these problems were exacerbated by the 

fact that the Society had been l iving beyond its 
means for some t ime. Better accounting reporting 
than had ever been available before showed this fact 
clearly. So long as current, realized capital gains were 
available to bridge the gap between outgo and other 
income, CSA remained in the black despite ever-
increasing costs of periodical publications distributed 
to the membership. When available current capital 
gains diminished in the investment cl imate of late 
1973 and all of 1974, the Society's only alternative 
was to dip into "stored" capital gains generated in 
prior years by the Penrose Endowment, and to 
retrench our outgo severely. 

The Society's economic distress became apparent 
early in the year and required a rapidly increasing pro-
portion of the management's attention throughout 
1974. At the Council 's direction, economic retrench-
ment became the watchword, wi th changes in invest-
ment pol icy, addit ional economies in operations, 
increased dues, and reductions in the mass of publica-
tions for members. It is to be hoped that all these 
steps wi l l again place the Society on a sound financial 
footing, but much depends on national and wor ld 
economic recovery and on other events that are 
beyond GSA's control. 

Positive accomplishments during 1974 included a 
total of eight outstanding Penrose Conferences, the 
highly productive yearly meeting of each of the six 
sections, active growth and. impact of the five special-
ized discipline divisions, and the outstanding annual 
meeting at Miami Beach. One of the best-attended — 
and best-run —annual meetings ever, it was perhaps 
most notable for two unrelated but significant 
developments. One of the these was the ful l f lowering 
of an employment interview system operated by the 
Society; the other was the opportuni ty for more 
scientists than ever before to present their research 
results in person. Despite restrictions on the number 
of papers and symposia to be presented in open ses-
sion, a significant net increase was accomplished by 
introduction of the poster session concept. For poster 
sessions, authors could not only publish their ab-
stracts, but could show the graphic representations of 
their work to specially interested audiences over far 
longer periods than the usual 10- to 15-minute expo-
sure permitted for orally presented papers. Wi th suit-
able modif ications based on experience, employment 
services, Penrose Conferences, and poster sessions 
seem to be among the most promising future growth 
areas for the Society. 

The Society continued to play a leading part in 
development of the science, and of its practitioners, 
in diverse ways. It distributed approximately $100,000 
in grants to support research by 138 recipients, almost 
all of them graduate students. It also supported the 
^Gl Minor i ty Program, and took the first promising 
steps toward publ icat ion of objective, unbiased "posi-
tion papers" on various facets of environmental-
natural resource problems. 

In the publications area, which to many represents 

the heart of the Society's ongoing activities, two 
relatively unpublicized steps were taken that bid fair 
to have more lasting impact than wi l l the actions 
having to do wi th pricing and distr ibution of publica-
tions, rise in dues, and like matters. One of these was 
adoption of a pol icy that wi l l assure the health of the 
Treatise project unti l income from the generous be-
quest of Raymond C. Moore (who died during the 
year) becomes available for its support. The other 
step was the complet ion of an agreement wi th AGI 
that should remedy most of the long-standing finan-
cial and management problems of GeoRef, the source 
of the material published in GSA's Bibliography and 
Index of Geology. The health of both these indis-
pensable research tools thus seems to be assured. 

Executive Secretary 

Addendum 

As an addendum to the foregoing excellent report 
prepared by Ed Eckel, I wi l l add a few paragraphs to 
complete the Executive Secretary's report for the re-
mainder of the year 1974. 

Unfortunately, the f inancial problems described by 
Mr. Eckel have not gone away, but rather have inten-
sified during the remainder of the year. This situation 
has prompted the Council to authorize a canvass of 
the entire membership, solicit ing member preference 
as to which of the Society's publications the member-
ship is wi l l ing to support, assuming a dues level that 
provides for Society operation on a "pay-as-you-go" 
basis. 

Two new revenue-producing publication series were 
authorized by the Council wi th the objective of simul-
taneously reducing publ icat ion costs and making 
scientific material more readily available. These are a 
series of maps and charts and a series of publications 
in microform. This move permits the discontinuance 
of expensive map supplements in the Bulletin but 
assures their ready availabil i ty. The microform series 
is a means of publishing, at a fraction of the cost of 
printing in book form, many important specialized 
items of l imited demand. Otherwise, such data could 
not be available to the scientific communi ty at a 
reasonable cost in today's economic climate. 

We are looking forward to the strong growth and 
sound financial development of the Society wi th the 
ful l realization that the endowment income wi l l 
probably never again be capable of substantially 
subsidizing its periodical publications distributed to 
the membership as has been the case over the last 
several years. 

Page 317: Critical Readers of Manuscripts 
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Annual Report for 1974 (continued) 
Walter D. Adey 
Wayne Aey 
W. H. Allaway 
Perry Y. Amimoto 
Alfred T. Anderson, Jr. 
Thomas F. Anderson 
Thomas H. Anderson 
John T. Andrews 
Richard L. Armstrong 
James L. Aronson 
Joseph G. Arth 

James Babcock 
Wi l l iam Back 
Edgar H. Bailey 
Alexander K. Baird 
Brian H. Baker 
Donald R. Baker 
A. W. Bally 
Richard K. Bambach 
Allan C. Barrows 
Manuel N. Bass 
Paul C. Bateman 
Fredrick M. Bayer 
R. J. Bean 
Robert E. Behling 
John Behrendt 
Wolfgang H. Berger 
Wi l l iam A. Berggren 
Harlan R. Bergquist 
Myron Best 
Marion E. Bickford 
Jack Bird 
Peter Birkeland 
J. H. Birman 
M. C. Blake 
Robert Blanc 
Harvey Blatt 
James Blencoe 
Arthur L. Bloom 
Ot to H. Bohnenberger 
Gary M. Boone 
Neely H. Bostick 
Michael Bothner 

A. J. Boucot 
Carl O. Bowin 
Robert E. Boyer 
Wi l l iam C. Bradley 
Maurice L. Brashears 
Wi l l iam J. Breed 
I. A. Breger 
Peter W. Bretsky 
Douglas G. Brookins 
Glen F. Brown 
Raymon L. Brown 
W. R. Bryant 
Glenn R. Buckley 
B. C. Burchfiel . 
Kevin Burke 
Wayne C. Burnham 
James D. Byerlee 

C. V. Campbell 
D. M. Carmichael 
Tom Carroll 
James L. Carter 
James E. Case 
W. C. Cashion 
James B. Cathcart 
Robert A. Chadwick 
Kent C. Chamberlain 
Carleton A. Chapman 
A. H. Chidester 
Nikolas I. Christensen 
John M. Christie 
Michael Churkin 
Emery T. Cleaves 
George B. Cleveland 
Edward H. Cl i f ton 
Donald R. Coates 
Dennis D. Coleman 
Roger B. Colton 

James Combs 
G. W. Comstock 
Gordon Connally 
Jon J. Connor • 
Harry E. Cook 
Theodore D. Cook 
Allan Cox 
Dwight R. Crandell 
Charles W. Cressler 
Max Crittenden 
John Crowell 
Roger J. Cuffey 
Wi l l iam C. Culbertson 
Bruce F. Curtis 

D. K. Davies 
Graham Davies 
Margaret Davis 
Richard A. Davis, Jr. 
Stephen E. De Long 
Gabriel Dengo 
Roger E. Denison 
James W. Dewey 
John F. Dewey 
John Dickey 
Robert Di l l 
Wi l l iam P. Di l lon 
Wi l l iam H. Diment 
Erich Dimroth 
Menno G. Dinkelman 
Roberta H. Dixon 
Jack Donahue 
Fred Donath 
Thomas W. Donnelly 
Avery A. Drake, Jr. 
Charles L. Drake 
James T. Drever 
Harald G. Drewes 
M. J. Dudas 
Wendel l A. Duf f ie ld 
David E. Dunn 
Russell R. Dutcher 
Thomas J. Dutro, Jr. 
Jack Dymond 

Donald ). Easterbrook 
Wi l l iam H. Easton 
Jerry P. Eaton 
Edwin B. Eckel 
Terence N. Edgar 
Wi l l iam E. Edmunds 
David H. Eggler 
D. P. Elston 
J. J. Emery 
Kenneth O. Emery 
Cesare Emiliani 
Robert J. Emry 
A.E.J. Engel 
Tony England 
Jack Epstein 
Samuel Epstein 

D. A. Fahlquist 
Robert K. Fahnestock 
Richard A. Farrow 
Ray E. Ferrell, Jr. 
Jack Feth 
George W. Fisher 
John S. Fisher 
Richard V. Fisher 
Robert J. Fleck 
Kenneth F. Fox, Jr. 
Wi l l iam T. Fox 
Irving Friedman 
T. Frisch 
John C. Frye 
Paul D. Fullagar 

Jon S. Galehouse 
Robert Garrett 
Gordon Gastil 
Charles M. Gilbert 

Andrew Glikson 
Dav idP. Gold 
Dick Goodman 
Wol f Gose 
David Gott f r ied 
Harry W. Green II 
David Griggs 
Trowbridge L. Grose 
Richard Groshong, Jr. 
A. J. Gude 
Charles V. Guidot t i 
Philip W. Guild 

Richard F. Hadley 
Richard Haefner 
Leo M. Hall 
Warren B. Hamil ton 
Steve Hammond 
Monty Hampton 
Burleigh W. Hanes 
Thomas C. Hanks 
Wallace R. Hansen 
Bruce Hanshaw 
Sam Harding 
John D. Harper 
Len Harris 
Nigel Harris 
Wyman Harrison 
Earl W. Hart 
Joseph H. Hartshorn 
John D. Haun 
Dennis Hayes 
J. B. Hayes 
Miles O, Hayes 
G. Ross Heath 
Carl E. Hedge 
Bruce C. Heezen 
Herwart Helmstaedt 
Ellen M. Herron 
F. Heuze 

Malco lm J. Hibbard 
David P. Hi l l 
Paul L. Hi lpman 
Lehi F. Hintze 
Michael Holdaway 
John R. Hol loway 
Mark Holmes 
David M. Hopkins 
Preston E. Hotz 
Robert S. Houston 
Alan Howard 
Keith A. Howard 
Arthur L. Howland 
Curtis A. Huf fman, Jr. 
Charles B. Hunt 
Hugh E. Hunter 
Patrick M. Hurley 

James C. Ingle, Jr. 
T. N. Irvine 
Y. W. Isachsen 

Roscoe G. Jackson II 
Alan Jacobs 
Larry James 
Noel James 
Richard J. Janda 
Arvid M. Johnson 
J. G. Johnson 
Robert B. Johnson 
David L. Jones 
James R. Jones 
Bruce Julian 

Hiroo Kanamore 
Mart in Kane 
D. E. Karig 
George Kennedy 
Michael P. Kennedy 
T. C. Kenney 
Derril l M . Kerrick 
Thomas L. Kesler 

W. Kidd 
Peter Kilhan 
Elizabeth King 
Ronald W. Kistler 
Ceorge Klein 
M. Dean Kleinkopf 
Mar jor ie Korringa 
John C. Kraft 
W. C. Krumbein 
Teh Lung Ku 
Wi l l iam M. Kuala 
Joe Kubota 
LaVerne D. Kulm 
Bernard Kummel 
Keith Kvenvolden 

Arthur H. Lachenbruch 
R. L. Langenheim 
Marvin Lanphere 
Davis M. Lapham 
Edwin E. Larson 
Roger L. Larson 
Rufus J. LeBlanc 
Keenan Lee 
Harry E. LeCrand 
B. F. Leonard 
J. C. Liou 
Peter W. Lipman 
Brian W. Logan 
Philip Lorens 
Keith E. Louden 
Kurt E. Lowe 
Baerbel Lucchitta 
Lawrence W, Lundgren 
Wi l l iam C. Luth 
Bruce P. Luyendyk 
George W. Lynts 

Donald R. Mabey 
Ian MacGregor 
Bruce T. Malfai t 
Sergius H. Mamay 
Michael S. Mar low 
Richard F. Mart in 
C. L. Matsch 
I . N . McCave 
Donald G. McCubbin 
B. C. McDonald 
Edwin D. McKee 
Malco lm C. McKenna 
lohn B. McKeon 
Dean McManus 
W. D. Means 
Brainerd Mears, Jr. 
James F. Mel lo 
James W. Mercer 
G. V. Middleton 
Arthur C. Mil ler 
Fred K. Mil ler 
Joseph S. Mil ler 
Peter Misch 
Robert H. Moench 
P. A. Mohr 
Henry Moore 
James G. Moore 
T. C. Moore, Jr. 
Eldridge M. Moores 
Benjamin Morgan 111 
Marie Morisawa 
Roger B. Morrison 
Derek Morrison-Smith 
Wi l l iam R. Muehlberger 
D. R. Mull ineaux 
Walter Munk 

Bartholomew S. Nagy 
Lois Anne Nagy 
Richard S. Naylor 
Y. R. Nayudu 
Thornton L. Neathery 
Thomas C. Nichols, Jr. 
Alan R. Niem 

Warren J. Nokleberg 
Rod Norby 
Wi l l iam R. Normark 
Donald K. Norris 

Theodore M. Oberlander 
John D. Obradovich 
Gerhard F. M. Oertel 
Wi l l iam A. Oliver 
Richard K. Olsson 
Philip H. Osberg 

Norman J. Page 
All ison R. Palmer 
W. Pariseau 
Ronald Parker 
Joe Pearson 
Joe W. Peoples 
H. M. Perry, Jr. 
Louis Peselnick 
Ceorge Peter 
Zell E. Peterman 
Ulrich Petersen 
Michael Peterson 
Rex Peterson 
Hermann W. Pfefferkorn 
Shailer S. Philbrick 
A. R. Philpotts, Jr. 
Kenneth Pierce 
David J. W. Piper 
Ceorge Plafker 
Neil Plummer 
Harold Poelchau 
Stephen C. Porter 
Noel Potter 
Dean C. Presnall 
R. A. Price 

A. W, Quinn 

John G. Ramsay 
Omer Raup 
Robert D. Regan 
Charles A. Repenning 
Salem J. Rice 
Gerald Richmond 
Wi l l iam Riedel 
Dale F. Ritter 
G. D. Robinson 
Pete Robinson 
John J. W. Rogers 
John W. Rold 
Peter Rona 
David A. Ross 
Reuben J. Ross, Jr. 
R. V. Ruhe 

Harvey Sachs 
Samuel M. Savin 
P. A. Schaerer 
John S. Schlee 
Robert E. Schmaltz 
R. W. Schnabel 
David W. Scholl 
Robert P. Scholten 
David H. Scott 
Kenneth Segerstrom 
Wi l l iam D. Sevon 
N. Shackleton 
Robert P. Sharp 
Robert V. Sharp 
Dennis M. Shaw 
John S. Shelton 
R. C, Shepherd 
Peter Shive 
Ronald L. Shreve 
R. A. Slater 
Rudy L. Slingerland 
Laurence L. Sloss 
James Slosson 
David E. Smit 

Robert B. Smith 
Stewart W. Smith 
Scott B. Smithson 
Choule L. Sonu 
John B. Southard 
Henry R. Spall 
John H. Spang 
Darwin R. Spearing 
Robert C. Speed 
Pierre St. Julien 
Daniel J. Stanley 
Rolfe S. Stanley 
David W. Stearns 
Maureen Steiner 
Thomas A. Steven 
M. A. Stevens 
Samuel W. Stewart 
Richard Stoiber 
lohn C. Stormer, Jr. 
Rudolph G. Strand 

D. F. Strong 
Fred Swanson 
Donald Swift 

Wi l l iam H. Taubeneck 
Michael Taylor 
J . C. Tedrow 
Maurice Terman 
Daniel A. Textoris 
Thomas P. Thayer 
Jorn Thiede 
Alan Bruce Thompson 
James Thompson 
M, Nafi Toksoz 
Harry Tourtelot 
Edward T. Tozer 
Terry E. Tullis 
Donald L. Turcotte 
Karl K. Turekian 
Ogden Tweto 

F. Ulaby 

David Van Alstine 
Joseph A. Vance 
C. E. Van Gundy 
Earl E. Varkin 
Edith Vincent 
Charles J. Vi tal iano 
Barry Voight 

Wi l l iam B. Wadsworth 
Theodore R. Walker 
Thomas R. Waller 
Gerald J. Wasserburg 
Norman D. Watkins 
A. B. Watts 
John P. Wehrenberg 
David Weide 
Jeffrey K. Weissel 
Mareta West 
Donald E. Whi te 
Sydney Whi te 
Wi l l iam Whi te 
Frank C. Whi tmore 
E.H.T. Whi t ten 
Ray E. Wi lcox 
Howel Wi l l iams 
G. C. Wil l is 
Erhard Winkler 
John D. Winslow 
Donald U. Wise 
Dennis S. Wood 
A O. Woodford 
John L. Wray 

R. F. Yerkes 

Robert E. Zartman 
E-an Zen 
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Annual Report for 1974 (continued) 
Publications 

The fo l lowing publications were issued by the 
Society during 1974, total ing 20,354 pages: 12 issues 
of the monthly Bulletin wi th Matthews separate; 12 
issues of Geology; Abstracts with Programs for meet-
ings of the Cordilleran, Rocky Mountain, North-
Central, South-Central, Northeastern, and Southeast-
ern Sections of the Society; 1973 Annual Report of 
Officers and Committees; 4 Memoirs; 7 Special 
Papers; Yearbook for 1974; Bibliography and Index of 
Geology, Volume 38 (12 issues); cumulative volumes 
of the Bibliography and Index of Geology, Volume 37; 
Newsletters—The Geologist wi th 2 environmental sup-
plements, The Engineering Geologist, the Quaternary 
Geologist and Geomorphologist, The Hydrogeologist, 

and The Coal Geologist; Engineering Geology Case 
Histories No. 10; Memorials, Volume III (1970); 
Reprints— Treatise, Part C (2 volumes), Memoirs 123 
and 131, Special Papers 126 and 136, Rubey Bulletin 
separate, and Engineering Geology Case Histories #6-
#70; memorials preprints; and miscellaneous publica-
tions such as Council Rules, Policies, and Procedures; 
GSA Headquarters Guidebook; AESE Blueline (news-
letters of the Association of Earth Science Editors); 
GeoRef Symposia Bibliographies (9) for the annual 
meeting in Miami ; and GeoRef Guide to Indexing. 
Maps issued: Tectonic Map of China, Baja California, 
Bahamas Plateau, Age of the Ocean Basins, and 
Bering Shelf. 

Committee on Committees seeks nominations 

The Committee on Committees requests help f rom 
all members. Its sole purpose is to look for talent to 
serve GSA as members of committees and as repre-
sentatives to other organizations. 

The commit tee wi l l meet later this summer and wi l l 
choose at least two nominees for each open position 
to present to the Council at its October meeting in 
Salt Lake City. Individual Councilors may add other 
names to the lists for consideration. The entire 
Council wi l l then select appointees for all positions, 
thus complet ing the process of bringing new blood 
into Society affairs. 

The 1975 Committee on Committees is made up of 
the fo l lowing people: Wi l l iam R. Muehlberger, Chair-
man, Don L. Eicher, Alan M. Goodwin, George A. 
Thompson, and Karl A. Waage. 

This group is broadly based, both geographically 
and in discipli nes, but its members cannot possibly 
know all the GSA members who are potential candi-
dates for serving the Society. You can help them im-
mensely by volunteering yourself or by suggesting 
names of others you think should be considered for 
the openings. 

To ensure thorough consideration of your candi-
dates, please attach a note explaining the special 
qualifications of your candidates for particular jobs. 
Please be sure that your candidates are members of 
the Society. 

Listed below are the GSA committees and organiza-
tions to which GSA has representatives that wi l l have 
vacancies to be f i l led at the Salt Lake City Council 
meeting. (Duties of the committee members are 
described in the manual Council Rules, Policies, and 
Procedures.) 

Budget 
Environment and Public Policy 
Headquarters Advisory 
Penrose Medal 

Day Medal 
National Medal of Science 
Investments 
Membership 
Penrose Conferences 
Publications 
Research Grants 

Joint Technical Program Committee 

GSA representatives to 
American Association for the Advancement of Science 

Section E (Geology and Geography) 
Section W (Atmospheric and Hydrospheric Sciences) 

American Committee on Stratigraphie Nomenclature 

MSA to sponsor short course in Salt Lake City 

The Mineralogical Society of America wi l l sponsor a 
Short Course on Feldspar Mineralogy on October 17-
19, 1975, immediately preceding the annual meeting 
of the Geological Society of America in Salt Lake 
City, Utah. 

The lecturers wi l l be Richard A. Yund, Brown Uni-
versity; David B. Stewart, U.S. Geological Survey; 
Paul H. Ribbe, Virginia Polytechnic Institute and State 
University; and Joseph V. Smith, University of Chi-
cago. Lecture notes wi l l be published prior to the 
Short Course and wi l l later be made available by MSA 
at a nominal price. 

The short course wi l l have a l imited enrol lment. 
Registration details wi l l be given in the News & In-
formation section of the August issue of Geology. For 
further information, wri te to Paul H. Ribbe, Depart-
ment of Geological Sciences, Virginia Polytechnic 
Institute and State University, Blacksburg, Virginia 
24061 (telephone: 703-951-6880). 
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GSA establishes supplementary data depository 

To facil i tate the storage and prompt retrieval of 
supplementary material such as certain tabular data, 
location information, and descriptive information, the 
Geological Society of America has established a 
depository at the headquarters off ice. 

Supplementary material for each article is given a 
number which is identif ied by a footnote in the article 
together with a statement on how to obtain the data 
from the Society. If the stored material is not too 
bulky, it wi l l usually be provided at no charge. For 
large quantities of material, a charge for reproducing 
it may be hade. 

The Society plans to provide all of the material 
stored each year on microf iche for those who wish to 
maintain the data for easy access. The Society also is 
considering ways to provide the supplementary data 
when an order is received for separate articles for 
which supplementary material is deposited. 

The material to be stored must be provided in 
neatly-typed, clearly legible form for reproduction. It 
wi l l not be edited or otherwise altered by the GSA 
staff. 

Second announcement—annual meeting 

A multiple-page insert containing detailed informa-
tion about the annual meeting wi l l appear in the 
News & Information section of the August issue of 
Geology. In addit ion to preregistration forms, the 
insert wi l l contain forms for making reservations for 
housing, f ield trips, annual dinner, and spouses' 
activities. Addit ional copies of the insert are available 
from Annual Meeting Department Secretary 

Geological Society of America 
3300 Penrose Place 
Boulder, Colorado 80301. 

Group travel arranged for 25th IGC 

Arrangements have been made for group travel to 
the 25th International Geological Congress in Sydney, 
Australia, August 16-25, 1976. 

The American Geological Institute, on behalf of the 
U.S. National Committee on Geology, has off ic ial ly 
appointed Conventions Unl imited, Inc., as the co-
ordinating agent for the travel of U.S. delegates to the 
Congress. 

Conventions Unl imited, Inc., is developing a travel 
program to uti l ize the services of Pan American World 
Airways, the only U.S. flag carrier presently serving 
Australia, and Qantas, the Australian International 
Airlines. They wi l l arrange and confirm all group 
travel arrangements for participants to and from the 
Congress, as well as handling arrangements on an 
individual basis. 

A ful l-color brochure describing the travel program 
in detail is available from Conventions Unl imited, 
Inc., 2011 Eye Street, N.W., Suite 702, Washington, 
D.C. 20006. 

Letters 
One of the f u n c t i o n s o f t h e News & I n f o r m a t i o n sec t ion is t o 
s t imu la te d iscuss ion a m o n g members a b o u t t he o p e r a t i o n o f t he 
Soc ie t y . As space p e r m i t s , w e w i l l pub l i sh le t ters f r o m the mem-
bersh ip t h a t reveal p r o b l e m areas and suggest co r rec t i ve changes 
in po l ic ies and p rocedures . O b v i o u s l y , n o t a l l le t te rs t h a t c o m e 
t o headquar te rs can be pub l i shed . Our h o p e is t h a t w e w i l l be 
able t o select a f e w o n a w i d e range of sub jec ts a n d , o n occas ion , 
t o pub l i sh le t ters respond ing t o p rev ious l y pub l i shed let ters. N o 
le t ter w i l l be pub l i shed w i t h o u t t he spec i f ic pe rm iss ion o f t h e 
w r i t e r . 

[To John C. Frye, Executive Director, GSA] 
. . . May I suggest an option which may not have 
been considered. The publication of micro-f iche or 
micro-cards of the abstracts of all section meetings 
would be a relatively easy, and perhaps less ex-
pensive, method of publication than the bulky copies 
of the abstracts now made. If costs are much lower, 
these might be furnished to total membership. Like-
wise, for those desiring it, perhaps micro-f iche or 
cards of the monthly bulletin might be made avail-
able. Obviously, micro-readers would have to be 
available to those who desired this type of publica-
t ion. Reasonably priced readers are available on the 
market. Perhaps even less expensive readers could be 
designed and sold. It would be of interest to know the 
membership's reaction to this opt ion. 

A complete volume of bulletins could be stored in 
minimal space. At year's end, an index could also be 
published in the same format which would be more 
comprehensive and readily usable for the reader. This 
would especially be so if each article published were 
required to have key words listed. GSA, Economic 
Geology, and others in earth science are somewhat 
remiss in not requiring this key word system. The use 
of such would expedite the literature search as well as 
broaden the reader audience who might be interested 
in the articles if a quick index search were available. 

Sincerely, 
Paul Dean Proctor, Professor of Geology 

and Geological Engineering 
University of Missouri —Rolla 

1976 AAAS national meeting 

GSA headquarters has received an invitation from 
the AAAS for any of our members to attend, and, 
if they wish, to participate in the AAAS national 
meeting to be held in Boston February 18-24, 1976. 

Interested persons are urged to contact Dr. 
Sheldon Judson, Department of Geological and 
Geophysical Sciences, Princeton University, Prince-
ton, New Jersey 08540, GSA's Section E representa-
tive; or Dr. Bruce B. Hanshaw, USGS, 431 National 
Center, Reston, Virginia 22092, GSA's Section W 
representative, as soon as possible wi th program 
suggestions. 
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Publications 
Microform Publications series initiated 

The first document in the Society's new Microform 
Publications series wi l l soon be published. It is en-
t i t led "Environmental Geology: A Selected Bibliogra-
phy," by Vivian Hall. The document wi l l be on four 
microfiches enclosed in an envelope. The bibliogra-
phy contains more than 4,200 references divided into 
8 categories, wi th an author index. Original 8V2 x 11 
in. typewrit ten copy of 328 manuscript pages was 
photographed and reduced on microf iche. The micro-
fiches are standard 98-frame fiches for use on 24x 
readers. 

The new Microform Publications series is being 
init iated to provide an addit ional outlet for scientific 
data published by the Society. It is intended to sup-
plement the Special Papers and Memoirs as well as be 
an out let for data that might not otherwise be pub-
lished by the Society but is worthy of publ icat ion. It 
should result in the publ icat ion of data much more 
rapidly and at substantially lower costs than conven-
tional book form. 

The Society no longer contemplates the publication 
in book form of symposia volumes beyond those for 
which it has a commitment to publish. Instead, it 
hopes to provide microfiches of symposia or other 
special sessions of its meetings at the t ime of the 
meeting, thus providing the data whi le they are new. 
This can be accomplished if the symposium leaders or 
convenors can provide peer-reviewed text to the 
Society at least two months before the meeting at 
which the session wi l l be held. 

Beyond the need for peer review, the Society has 
few restrictions as yet on material for consideration. 
Manuscripts should ordinari ly be submitted to the 
Society in the same form as all other manuscripts. 
After they have been sent out for peer review, they 
most l ikely wi l l need revision. We plan to note spe-
cif ic CSA style requirements on a copy of the manu-
script that is returned to the author. Once the author 
returns acceptable, clean typescript, it wi l l be 
processed for reproduction on microf iche. 

In addit ion to releasing peer-reviewed, original 
papers in the series, the Society is also considering 
the prerelease of selected Special Papers and Memoirs 
in printed and microf iche form; reprints on microf iche 
of collections of selected subjects from the Bulletin, 
Geology, or book articles; and reprints of out-of-pr int 
Special Papers and Memoirs. We also plan to provide 
microfiches of annual cumulations of material f rom 
the CSA depository of supplementary data for pub-
lished articles. 

A study is also being made to put all Abstracts with 
Programs on microf iche, in addit ion to providing 

printed copies. Under consideration also is the possi-
bi l i ty of publishing synopses of lengthy reports in 
Geology and providing ful l text on microf iche in the 
Microform Publications series. 

Material published in journals or other media, 
especially foreign, that are largely inaccessible to 
general readership and guidebooks or other material 
provided only in l imi ted quant i ty might also be candi-
dates for the series. 

The Society receives many useful suggestions about 
its various programs—may we have your suggestions 
for our Microf iche Publications series? The science 
editor wou ld also welcome submission of material for 
consideration in the series. 

Persons and organizations who wish to receive 
Microform Publications on a standing-order basis may 
do so by wri t ing to Publication Sales Department, 
Geological Society of America, 3300 Penrose Place, 
Boulder, Colorado 80301. —6. W. Troxel 

"Mini-Catalog" of GSA publications available 

An eight-page "Mini-Catalog" listing current prices 
of all GSA publications now in print is just of f the 
press. Items are listed numerically by series, giving 
t i t le, author(s) or editor(s), year of publ icat ion, and 
price. An order blank is printed on the last page of 
the catalog. 

All members and student associates are reminded 
that they may purchase one copy of each GSA publi-
cation at 20 percent discount of f list prices. Such 
orders must be personal orders placed directly wi th 
the Society in order to earn the member discount. 
Discounts are not given on insti tut ional orders. 

If you would like a copy of the mini-catalog, please 
check the special box provided on the coupon that is 
used for ordering Bulletin separates (see page 324). If 
you are not eligible for ordering Bulletin separates, 
the coupon wi l l nevertheless be honored for the mini-
catalog. 

Necrology 

Francis Cameron, S t a n f o r d , C a l i f o r n i a ; John G. Douglas, 
A x f o r d , Miss iss ipp i ; Horacio J. Harr ington, Buenos A i res , 
A r g e n t i n a ; Francis M . V a n T u y l , L a k e w o o d , C o l o r a d o ; 
Edward H. Watson, B r y n M a w r , Pennsy lvan ia ; Max G. 
Whi te , A r l i n g t o n , V i r g i n i a . 

322 JUNE 1975 

Downloaded from http://pubs.geoscienceworld.org/gsa/geology/article-pdf/3/6/313/3521986/i0091-7613-3-6-313.pdf
by GSA Content
on 29 November 2022



vW BULLETIN bideff. 
Brief summaries of articles in the June 1975 GSA Bulletin 
are provided on the following pages to aid members who 
chose the lower dues option to select Bulletin separates of 
their choice. The Document Number of each article is re-
peated on the coupon and mailing label in this section. 

• 50601—Glacier-Flow Patterns and the Origin of Late 
Wisconsinan Till in the Southern Rocky Mountain 
Trench, British Columbia. John J. Clague, Department of 
Geological Sciences, University of British Columbia, Van-
couver, British Columbia, V6T 1W5, Canada {present ad-
dress: Geological Survey of Canada, 100 West Pender 
Street, Vancouver, British Columbia V6B 1R8, Canada). 
(11 p., 10 figs., 1 tbl.) 

Late Wisconsinan glacier-flow patterns and till genesis in 
the southern Rocky Mountain Trench, British Columbia, 
have been determined through a study of glacial land-
forms, till fabric, and till composition. 

A major shift in the pattern of glacier flow occurred 
near the end of glaciation; tributary glaciers coalescent 
with the trunk glacier in the Rocky Mountain Trench re-
ceded, and side valleys were invaded by the trunk glacier. 
Final recession of the trunk glacier occurred with no 
major halts and without stagnation of the terminus. 

Till associated with drumlins in the Rocky Mountain 
Trench accumulated by lodgement of particles due to sub-
glacial pressure melting against a planar substratum. 
Fabric results from the lower part of the younger till sheet 
suggest either complex patterns of ice flow similar to 
those at junctions of many modern valley glaciers, or mass 
movement of supraglacial till associated with an inter-
stadial interval within the late Wisconsinan glaciation. Till 
composition reflects a south- to southeast-flowing trunk 
glacier augmented by coalescent tributary glaciers. 

Most pebbles and fine-grained sand in the tills of the 
Rocky Mountain Trench are of local origin. Local 
constituents decrease in relative amounts away from the 
mouths of tributary valleys whence they are derived. These 
decreasing gradients result largely from progressive depo-
sition and dilution. 

Compositional differences in till are pronounced off 
tributary valleys but become less distinct in a down-glacier 
direction. This probably results from laterial mixing of 
sediment due to shifts in the zone of coalescence of trunk 
and tributary glaciers with changes in relative ice flux 
from the two. 

• 50602—Layered Series of the Wichita Complex, Okla-
homa. Nancy Scofield, Department of Geology and Geo-
logical Engineering, Michigan Technological University, 
Houghton, Michigan 49931. (5 p., 5 figs., 1 tbl.) 

The core of the Wichita Mountains of Oklahoma is a 
layered igneous intrusive mass composed of plagioclase 
cumulates, predominantly anorthosite, with some olivine-
bearing anorthosite, gabbro, and olivine gabbro. Some 
chemical trends in the rocks indicate that cryptic layering 
is present but is the reverse of that found in most mafic 
layered intrusions. The anomalous position of highly 
calcic plagioclase near the top of the intrusion, inferred 
from field relations, coupled with possible reverse cryptic 
layering, suggests a separation of anorthosite by flotation 
or rafting of plagioclase. 

• 50603—Generalized Facies Models for Resedimented 
Conglomerates of Turbidite Association. Roger G. Walker, 
Department of Geology, McMaster University, Hamilton, 
Ontario L8S 4M1, Canada. (12 p., 10 figs., 3 tbls.) 

Descriptive features that contribute to models of resedi-
mented (deep-water turbidite association) conglomerates 
are the presence or absence of a preferred clast fabric, 
stratification, and inverse and (or) normal graded bedding. 

One model is characterized by the presence of both 
inverse and normal grading and the absence of stratifica-
tion (inversely to normally graded model). A preferred 
fabric is present in about one-half of the examples 
studied. As the clast size becomes smaller, this model 
passes into a graded-stratified model, characterized by the 
absence of inverse grading and the presence of normal 
grading and stratification. Most examples exhibit a pre-
ferred clast fabric. A third model is characterized by the 
absence of normal and inverse grading and by stratifica-
tion (disorganized-bed model). Few examples contain a 
preferred fabric. 

Where present, the preferred fabric consists normally of 
long (a) axes parallel to flow and dipping upstream. This 
indicates direct deposition from dispersion without rolling 
on the bed. In examples with prominent stratification, 
however, it is postulated that the fabric changes to long 
(a) axes transverse to flow with intermediate (b) axes dip-
ping upstream. This would indicate bed-load rolling and 
would allow use of standard bed-load formulae for calcu-
lation of rates of emplacement. 

In basin analysis, the disorganized-bed model is proba-
bly characteristic of the feeder channels or canyons. The 
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inversely to normally graded model reflects flow on a rela-
tively steep slope, but nevertheless downstream from the 
disorganized-bed model. As the slopes flatten out in mid-
fan areas, the inversely to normally graded model passes 
into the graded-stratified model. 

• 50604—Seismic Geyser and Its Bearing on the Origin 
and Evolution of Geysers and Hot Springs of Yellowstone 
National Park. George D. Marler, Thornton, Idaho 83453; 
Donald E. White, U.S. Geological Survey, Menlo Park, 
California 94025. (11 p., 8 figs.) 

The major Hebgen Lake earthquake on August 17, 1959, 
profoundly affected the hot springs and geysers of Yellow-
stone National Park. The epicenter of this earthquake was 
about 48 km northwest of Upper Geyser Basin, and its 
magnitude was 7.1 on the Richter scale. No earthquake of 
closely comparable intensity had previously jarred the 
geyser basins in historic time. By the day after the earth-
quake, at least 289 springs in the geyser basins of the 
Firehole River had erupted as geysers; of these, 160 were 
springs with no previous record of eruption. 

New hot ground soon developed in some places, some 
new fractures developed locally into fumaroles, and a few 
of these evolved into hot springs or geysers. 

One fracture evolved into a fumarole and then into a 
geyser, now named "Seismic," that erupted to heights of 
12 to 15 m and explosively excavated a jagged-walled vent 
more than 12 m in maximum diameter and more than 6 
m deep. Major eruptions ceased in 1971 when a small 
satellite crater formed and then assumed dominance. 

The formation and evolution of Seismic Geyser provide 
the keys for understanding the origin of the craters and 
vents of other geysers and probably also the large smooth-
walled nongeysering pools and springs. 

Earthquakes, largely localized just outside the Yellow-
stone caldera, result in violent shaking of the large high-
temperature convection systems of the geyser basins. New 
fractures form in the self-sealed shallow parts of these 
systems where high-temperature water is confined at pres-
sures much above hydrostatic. As old fractures and 
permeable channels become sealed by precipitation of 
hydrothermal minerals, new channels are provided by the 
periodic seismic activity. 

Our explanations for the origin of geyser and hot spring 
vents apply specifically to the geyser basins of Yellowstone 
Park, where near-surface fluid pressure gradients are 
commonly 10 to 50 percent above the hydrostatic gradient, 
and temperature gradients and thermal energy available 

for explosive eruption are correspondingly high. The same 
general explanations seem likely to account for the origin 
of geyser tubes and hot-spring vents in other less favored 
areas where pressures and maximum temperatures are 
limited by hydrostatic pressures, probably with little or no 
overpressure being involved. 

• 50605—K-Ar Apparent Ages, Peninsular Ranges 
Batholith, Southern California and Baja California. 
Daniel Krummenacher, R. Gordon Gastil, Jonathan 
Bushee, and Joan Doupont, Department of Geology, San 
Diego State University, San Diego, California 92115 
(present addresses: Bushee, Department of Geology, 
Northern Kentucky State College, Covington, Kentucky 
41011; Doupont, Lawrence Livermore Laboratory, Liver-
more, California 94550). (9 p., 5 figs., 3 tbls.) 

More than 200 K-Ar apparent ages determined from 
minerals from the Peninsular Ranges batholith of 
southern California and northern Baja California show in 
general a progressive decrease from about 120 m.y. in the 
southwestern part of the batholith to less than 70 m.y. in 
the northeastern part. The gradients for biotite and horn-
blende ages can be represented by contours of equal ages. 
Both concordant and discordant hornblende-biotite pairs 
and minerals, from a variety of plutonic and metamorphic 
rock types, share in the apparent-age gradient. Ages for 
hornblende average 5 m.y. older than the ages for coex-
istent biotite. Isotopic U-Pb and Pb-ot measurements on 
zircon indicate ages greater than those calculated from 
K/Ar ratios of hornblende or biotite. It is believed that in 
the Peninsular Ranges province, the U-Pb ages for zircon 
approximate the ages of emplacement, whereas con-
cordant K-Ar ages may or may not approximate the ages 
of emplacement, depending on the depth of emplacement 
and the rate of uplift and denudation. 

• 50606—Geophysical Interpretation of Crustal Structure 
along the Southeastern Coast of Norway and Skagerrak. 
Ivar B. Romberg and Scott B. Smithson, Department of 
Geology, University of Wyoming, Laramie, Wyoming 
82071 (permanent address, Romberg: Institutt for Ge-
ologi, University of Oslo, Oslo, Norway). (6 p., 5 figs.) 

Seismic, magnetic, and geologic data are used to provide 
constraints on gravity models of the crust from southeast-
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em Norway into the Skagerrak. Seismic data indicate that 
the Moho rises from more than 39 km under central 
Norway to approximately 30 km under the Skagerrak and 
that a basin with about 5 to 6 km of sediments in it is 
present in the Skagerrak. Magnetic data show a maxi-
mum depth of 6 km to the magnetic basement in the 
sedimentary basin, and characteristic magnetic anomalies 
are found over basement rocks along the coast and under 
the Skagerrak. The Great Friction Breccia fault zone, 
separating migmatitic and supracrustal rocks along the 
southeast coast, is a major tectonic feature on land. 
Bouguer gravity anomalies increase from slightly negative 
values northwest of the breccia zone to as high as +50 
mgal along the coast and offshore. Major features of this 
interpretation are the following: (A) recognizable supra-
crustal rocks are more mafic than underlying mobilized 
migmatites, (B) a probable crustal low-velocity zone is 
formed by the above compositional inversion, (C) intrusive 
granite in the supracrustal rocks may be formed by 
anatexis and diapiric uprise of migmatite, (D) the Great 
Friction Breccia fault zone is a major tectonic feature, 
and (E) continuation of the Oslo graben and associated 
igneous rocks under the Skagerrak seems likely. 

• 50607—Reconnaissance Geophysical Survey of the 
Caroline Basin. Dewey R. Bracey, U.S. Naval Oceano-
graphic Office, Washington, D.C. 20373. (10 p., 7 figs.) 

On the basis of the results of reconnaissance seismic re-
flection and magnetic surveys of the region, the Caroline 
Basin is interpreted as having been created by two phases 
of sea-floor spreading. The first phase, beginning prior to 
42 m.y. B.P., accreted crust from an east-northeast-
striking spreading center for at least 17 m.y. until the 
spreading axis was ingested into the northward-dipping 
subduction zone south of the West Caroline Ridge about 
25 m.y. B.P. The possibility exists that the Eauripik-New 
Guinea Rise was formed on the southern limb of this 
spreading center by a mantle plume operative during this 
period. 

The second phase of sea-floor spreading, beginning 
prior to 18 m.y. B.P., was located in the northwest corner 
of the pre-existing basin. This spreading axis was oriented 
west-northwest and persisted for at least 4.3 m.y., until 
about 13.7 m.y. B.P. This spreading axis was probably re-
sponsible for formation of the Northwest Caroline Basin 
fracture zone, which separates its southern terminus from 
the older basin crust, and for the reactivation of the 
western part of the defunct West Caroline Ridge subduc-
tion zones. 

Major segments of the basin margin are interpreted as 
subduction zones, ranging from inactive to possibly 
incipient. 

• 50608—Precambrian Evolution of the Spanish Peaks 
Area, Montana. Edgar W. Spencer and Samuel J. Kozak, 
Department of Geology, Washington and Lee University, 
Lexington, Virginia 24450. (8 p., 6 figs., 2 tbls.) 

Precambrian crystalline rocks in the Spanish Peaks area 
of southwestern Montana are composed primarily of 
granitic and amphibolitic gneiss, quartzite, and amphi-
bolite. Sillimanite gneiss, ultrabasic intrusive rocks, 
marble, and post-Precambrian basalt are also present. 

Almandine-amphibolite metamorphic facies and silli-
manite-almandine-orthoclase subfacies are widely distri-
buted in the area. 

Two major Precambrian orogenic events followed 
accumulation of a thick sedimentary sequence. An early 
Precambrian orogenic deformation produced isoclinal 
folds, folded pegmatites, and amphibolite boudins. These 
structural features were deformed in a second orogeny, 
which was characterized by large, open, northeast-
trending folds that developed under metamorphic condi-
tions favorable for ductile deformation and a second 
generation of pegmatites. Cross folding and flexure of the 
second-generation folds and development of kinks accom-
panied or followed the second orogeny. Mafic dikes and 
sills were emplaced following the second orogenic event 
and subsequently metamorphosed. They cut across the 
second-generation folds. Quartz veins, felsic porphyry 
dikes, and basalt dikes cut all earlier structures. 

Alternate correlation of thermal events whose ages have 
been determined radiometrically at 2.6, 1.9, and 1.6 b.y. 
with metamorphic and structural events are made as 
follows: 

Amphibolitization of unfolded dikes and sills: I, 1.9 
b.y.; II, 1.6 b.y. 

Open, subhorizontal folds: I, 2.6 b.y.; II, 1.9 b.y. 
Isoclinal folds: I, age uncertain; II, 2.6 b.y. 

• 50609—Experimental Origin of Transform Faults and 
Straight Spreading-Center Segments. / . W. O'Bryan, R. 
Cohen, and W. N. Gilliland, Department of Geology, 
Rutgers University, Newark, New Jersey 07102. (4 p., 
9 figs.) 

Experimental'work based on a combination of the wax 
model of Oldenburg and Brune and the tennis ball experi-
ment of Cox suggests a possible origin of the orthogonal 
mid-ocean system of ridge and transform faults. Various 
cuts were made in a crust formed by cooling on the sur-
face of a pan of melted wax, and portions of the crust 
were rotated about a pole of rotation while other portions 
remained stationary. New thin crust formed in the gap 
between the rotated portions of the initial crust. The new 
crust is characterized by a medial spreading center offset 
by arcuate fractures concentric about the pole of rotation. 
At slow spreading rates (nearer the pole of rotation), the 
shape of the spreading center is distinctly zigzag, and con-
centric fractures are lacking. The straight sections of the 
zigzag possibly originate as shears. At fast spreading rates 
(farther from the pole of rotation), the zigzag becomes 
typically orthogonal with straight segments offset by con-
centric fractures. 

We propose that the oceanic ridge systems originate as 
zigzag spreading centers in the asthenosphere or at the 
base of the lithosphere and then evolve into orthogonal 
systems that are propagated upward. 

• 50610—Ophiolite in Southeast Asia. Charles S. Hutchi-
son, Department of Geology, University of Malaya, Kuala 
Lumpur, Malaysia. (10 p., 3 figs., 1 tbl.) 

No fewer than 20 belts of mafic-ultramafic assemblages 
have been named "ophiolite" in the complex Southeast 
Asia region of Sundaland. Fewer than one-half of these 
can be confidently classified as ophiolite. The only well-
documented complete ophiolite, with continuous conform-
able sections from mantle harzburgite through gabbro to 
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spilite, occurs in northeast Borneo and the neighboring 
Philippine Islands. It contains a record of oceanic litho-
spheric history from Jurassic to Tertiary and has a Mio-
cene emplacement age. All other ophiolite belts of the 
region are either incomplete or dismembered. The Sunda-
land region probably has examples of several types of 
emplacement mechanism and emplacement ages ranging 
from early Paleozoic to Cenozoic. 

• 50611—Crustal Structure of the Texas Gulf Coastal 
Plain. G. R. Keller, Department of Geology, University of 
Kentucky, Lexington, Kentucky 40506; D. H. Shurbet, 
Seismological Observatory, Texas Tech University, Lub-
bock, Texas 79409. (4 p., 4 figs., 1 tbl.) 

In order to obtain new information about deep crustal 
structure in the Texas Gulf Coast region, tripartite arrays 
of long-period vertical seismographs were deployed to 
observe Rayleigh wave dispersion. Additional gravity 
measurements were also made and combined with those 
of a previous study to produce four detailed gravity 
profiles crossing the study area. Interpretation of the Ray-
leigh wave dispersion data and the gravity data together 
suggests a crustal structure consisting of a Paleozoic 
subduction zone and orogen buried beneath thick ac-
cumulations of Mesozoic and Cenozoic sedimentary rocks. 

• 50612—Terrestrial Heat Flow along the Rio Grande 
Rift, New Mexico and Southern Colorado. Marshall 
Reiter, C. L. Edwards, Harold Hartman, and Charles 
Weidman, New Mexico Institute of Mining and Tech-
nology, Socorro, New Mexico 87801 (present address, 
Hartman: Texaco Inc., Tulsa, Oklahoma 74102). (8 p., 
4 figs., 1 tbl.) 

From heat-flow data obtained in New Mexico and south-
ern Colorado, we recognize (1) a major geothermal 
anomaly with heat-flow values greater than 2.5 HFU (heat-
flow unit, /jcal/cm2/sec) coincident with the western part 
of the Rio Grande rift, (2) a complex heat-flow pattern in 
the eastern Colorado Plateau with values of 1.5 HFU and 
less, apparently associated with major structural basins, 
and values of 2.0 HFU and greater, apparently associated 
with some intrusions and perhaps major uplifts, (3) a re-
gional increase in heat-flow values from 1.5 to 2.0 HFU to 
values greater than 2.5 HFU in southwestern New Mexico, 
which may be coincident with the north-trending geo-
thermal transition zone between the Colorado Plateau and 
the Basin and Range provinces. 

• 50613—Granitic Plutonism and Metamorphism, East-
ern Alaska Range, Alaska. Donald H. Richter, U.S. Geo-
logical Survey, 1209 Orca Street, Anchorage, Alaska 
99501: Marvin A. Lanphere, U.S. Geological Survey, 345 
Middlefield Road, Menlo Park, California 94025; Neal A. 
Matson, Jr., U.S. Geological Survey, 1209 Orca Street, 
Anchorage, Alaska 99501. (11 p., 6 figs., 2 tbls.) 

Plutonic rocks in the eastern Alaska Range were em-
placed in Late Pennsylvanian time (282 to 285 m.y. B.P.) 
and during two distinct intervals in Cretaceous time (105 
to 117 and 89 to 94 m.y. B.P.). Development of a large 
plutonic-metamorphic complex, consisting of diorite and 
quartz diorite intimately associated with banded gneiss 
and other metamorphic rocks, apparently occurred during 
Late Triassic to Middle Jurassic time (163 to 199 m.y. 

B.P.). A smaller plutonic-metamorphic complex is Mio-
cene in age (17 m.y.). 

The younger Cretaceous plutons are recognized only in 
the regionally metamorphosed Devonian and older terrane 
north of the Denali fault. Plutons of the older Cretaceous 
and Pennsylvanian events are restricted to Pennsylvanian 
and younger terrane south of the Denali fault and are 
associated with coeval volcanic rock assemblages. The 
major plutonic-metamorphic complex is also restricted to 
the terrane south of the Denali fault and may relate to 
collapse of an upper Paleozoic volcanic arc in Triassic 
time followed by syntectonic magmatism in Jurassic time. 
The Miocene plutonic-metamorphic complex may reflect 
the time of initial movement along the Denali fault. 

Porphyry copper deposits are associated with the Creta-
ceous plutons south of the Denali fault. The source of the 
copper may be subjacent copper-rich basalt flows (Nikolai 
Greenstone) of Triassic age. 

• 50614—Structural Evolution of the Honduras Conti-
nental Margin and the Sea Floor South of the Western 
Cayman Trough. Paul R. Pinet, Department of Geology, 
University of Georgia, Athens, Georgia 30602. (9 p., 
11 figs.) 

The interpretation of 2,500 km of seismic-reflection pro-
files and its synthesis with the results of previous work 
reveal a four-stage development for the Honduras conti-
nental margin since late Mesozoic time. Late Cretaceous-
early Eocene orogenesis deformed basement rocks and 
preorogenic units off Honduras. Following subsidence 
during middle Tertiary time, two postorogenic units 
blanketed the eroded preorogenic rocks, creating a distinct 
angular unconformity. The widespread distribution and 
uniform thickness of the postorogenic sediments suggest 
deposition during a tectonically quiescent period. Pliocene 
time marked the onset of block-faulting activity which 
fragmented the crust into irregular ridges and basins in 
northern Central America and along the Honduras conti-
nental margin and the western Cayman Trough. The 
continental shelf and slope of Honduras have been pro-
grading since the Miocene Epoch; turbidites are now fill-
ing the proximal fault basins off the shore of Honduras. 

Assuming that regional tectonism and continental 
margin development are relatable to lithospheric plate 
interactions, the deformed preorogenic units are inter-
preted as having been buckled by convergent plate 
motions during Late Cretaceous-early Eocene time. Plate 
slippage may have lapsed during middle Tertiary time, as 
inferred from the nature of the postorogenic units. This 
phase of plate passivism was terminated during Pliocene 
time by block-faulting activity, which presumably repre-
sents the resumption of plate motions along the Cayman 
Trough that have persisted to the present in the north-
western Caribbean. 

• 50615—Late Cenozoic Paleo-Oceanography of the Ross 
Sea, Antarctica. Richard H. Fillon, Graduate School of 
Oceanography, University of Rhode Island, Kingston, 
Rhode Island 02881 (present address: Atlantic Geoscience 
Centre, Bedford Institute of Oceanography, Dartmouth, 
Nova Scotia, Canada). (7 p., 3 figs.) 

Paleomagnetic, radiolarian, and foraminiferal studies of 
piston cores from the Ross Sea, Antarctica, reveal the 
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existence of a widespread disconformity separating sedi-
ments of Gauss age (t > 2.4 m.y.) from a thin discontinu-
ous layer of Brunhes sediments (t < 0.7 m.y.). Climatic 
cooling, expansion of the Ross Ice Shelf, and the resultant 
increased circulation of bottom water in late Gauss or 
early Matuyama time probably caused the extensive ero-
sion and (or) nondeposition responsible for the discon-
formity. Ross Ice Shelf expansion may also have caused a 
reduction in the number of outlet glaciers discharging 
debris-laden ice directly into the sea resulting in the ob-
served decrease in glacial-marine sediment deposition 
since the Gauss. Increased circulation under an expanded 
ice shelf and an associated increase in the concentration 
of dissolved carbon dioxide is implied by a late Gauss-
early Matuyama rise from >1,800 to <350 m in the 
calcium-carbonate compensation depth within the Ross 
Sea. The distribution of reworked Gauss-age fossils in 
Brunhes deposits in submarine channels on the Ross Sea 
Shelf and continental slope and on the nearby abyssal 
plain further indicates that substantial amounts of re-
suspended sediment have been transported out of the 
Ross Sea by bottom currents during the Brunhes. 

• 50616—Fluid Precipitates in Rocks from the Earth's 
Mantle. H. W. Green, Department of Geology, University 
of California, Davis, California 95616; S. V. Radcliffe, 
Department of Metallurgy and Materials Science, Case 
Western Reserve University, Cleveland, Ohio 44106. (7 p., 
4 figs.) 

Xenoliths of rocks from the Earth's mantle are commonly 
included in alkalic basalt and kimberlite diatremes. The 
xenoliths, many of them highly deformed by plastic flow, 
consist primarily of olivine and pyroxene and may be 
derived from depths as great as the seismic low-velocity 
zone. Large numbers of very small bubbles of C02-rich 
fluid are within the major phases. The combined tech-
niques of optical and high-voltage electron petrography 
demonstrate that the smallest bubbles, many of them 
below optical resolution, are attached to crystal defects 
induced by deformation and exsolution and to grain 
boundaries. It is concluded that formation of the smallest 
bubbles precedes incorporation of the xenoliths into the 
host magma and occurs by solid-state precipitation on the 
deformation and exsolution features. The bubbles then 
collect on migrating grain boundaries during syntectonic 
recrystallization. 

The occurrence of bubble formation before xenolith in-
corporation into the magma strengthens previous sugges-
tions that the tectonite xenoliths may be the magma 
source rock or residuum and that the asthenosphere is not 
partially melted. Furthermore, since the presence of analo-
gous "bubble structure" in ceramics and metals is known 
to weaken significantly the high-temperature creep resist-
ance of such materials, it appears likely that the mode of 
flow in mantle rocks may be influenced similarly. 

• 50617—Mineralogic Composition of Sand-Sized Sedi-
ment on the Outer Margin off the Mid-Atlantic States: 
Assessment of the Influence of the Ancestral Hudson and 
Other Fluvial Systems. Gilbert ¡Celling, Department of 
Geology and Oceanography, University of Wales, Swan-
sea, Wales SA2 8PP; Harrison Sheng and Daniel Jean 

Stanley, Division of Sedimentology, Smithsonian Institu-
tion, Washington, D.C. 20560. (10 p., 4 figs., 1 tbl.) 

The mineralogic composition of surface and core sand 
samples from the outer shelf, slope, and rise between 
Hudson and Norfolk Canyons has been determined to 
evaluate the relative contributions of major drainage areas 
lying to the north and west. The observed mineralogic uni-
formity in space and time is largely attributable to the 
fact that the principal fluvial supply to this sector during 
the Pleistocene and Holocene Epochs was through river 
systems, all of which drain some part of a large and geo-
logically variable glaciated region. Further complications 
in distinguishing specific sources probably result from the 
extensive migration of the Hudson River across the sub-
aerially exposed continental shelf during various Pleisto-
cene low sea-level stands, which produced considerable 
homogenizing of shelf sediment prior to its downslope 
transfer onto the continental rise. 

Trends of the major light and heavy mineral groups on 
this outer continental margin show that the ancestral 
Hudson probably extended at least to the head of Balti-
more Canyon. The distribution of a distinctive variety of 
the mineral axinite suggests that the Hudson may have 
exerted its influence some 140 km farther to the south 
than previously postulated. 

Vertical time-related changes in the mineral assemblages 
in slope and rise cores show a broadly similar pattern 
throughout the region. The marked compositional varia-
tion of sand with depth in cores from the lower rise is best 
explained by fluctuations in materials transported from 
adjacent shelf sources downslope to the southeast (lateral 
input and transport model) rather than by significant 
long-term dispersal parallel to isobaths (contour current 
transport model). 

• 50618—Amazon Cone: Morphology, Sediments, Age, 
and Growth Pattern. John E. Damuth and Naresh Kumar, 
Lamont-Doherty Geological Observatory of Columbia 
University, Palisades, New York 10964. (16 p., 10 figs.) 

The morphology, sediment distribution, and growth pat-
tern of the Amazon cone are similar to those of other 
deep-sea fans; its sediment, at least during the late Qua-
ternary Period, was deposited in response to glacial-inter-
glacial cycles, and its age of formation is estimated to be 
middle to late Miocene. 

Sedimentation on the Amazon cone, at least during 
Quaternary time, has been climatically controlled. During 
high sea-level stands, terrigenous sediment is trapped on 
the inner continental shelf, and only pelagic sediment is 
deposited on the cone. During low sea-level stands, the 
Amazon River discharges terrigenous sediment into the 
Amazon Submarine Canyon, from where it is easily trans-
ported to the cone by gravity-controlled sediment flows. 
Wisconsin sedimentation rates on the cone were in excess 
of 30 cm/103 yr. 

Average sedimentation rates for the Pleistocene Epoch, 
based on the extrapolated age (2.2 m.y.) of a prominent 
acoustic reflector within the cone, range from 50 to 115 
cm/103 yr. The Amazon cone began to form about 8 to 15 
m.y. B.P. and is thus about one-tenth the age of the 
Equatorial Atlantic. 
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