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UMOSPIIERlC AND SPACE Sciences students IIU 
JolH1so ll ( fore(!,round) as they began their summer assignm 

l'i{!,11t) are Fred C, Damm, Jean Bll rford, Da oid Mils: 
V OI I /!. !W I1 , Jam.es Sharber, Barbaw ;Uann, Jeff Beren, Al(/11 
TiNle, Roy Ea rle, Pa lll (A like) Lunch . Ronald Boh7(Jwle. 
Henr!) Graeser, Terril Golclell , Riele!} Eckelkam p, Rohert " 
Carol W heeler, alld Cl1t1ck Perkins, (Photos on tllese PUgf 

TWO ST UDENTS in Geosciences Diuisiol1 li re at tvOI 

?lj uipment. Ken Henderson (foreground) is a Cooke I
'IUtruonoli .student; Prof. J01111 \V, Graha m is tl1€ stl pel'l)isor, and Jil 

student at A ustin College. (Photo at 1'i~ht) , 

R as well as addi EDUCATION PROGRAMS 
ti institutions. 

Summer Students: Insight Into Research 

Pictured on these two pages are most of the more than 
summer students selected fo r work and study at the Cen 
this year. T hey range from high school graduates to docto 
candjdatcs; most are undergraduates in colleges and un ivel 
ties. situated literally from coast to coast. (Harvard, Willi 
and Mary. Case, Notre Dame. Iowa State, Ka nsas, WashiJ 
ton of St. l,-ouis , Tulane, Occidental, and Cal ifornia rnstit 
of Technoldgy, to be more specific, f:llus 13 Texas colleges' 
universiti esi, 

P urpose of the summer program is to stimulate fu rther 
students' expressed interest in scientific research. 

~mmenlkd. 
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ATMOSPlIERlC AND SPACE Sciences students met with Prof. Francis S. 
Johnson (foregro ll1l rl) as they began their slimmer aSSignmen ts. 111 t Il e grollp (left 
to right) (Ire Fred C. Da mm, Jean Bu rfo rd, D(wid Musser, Robert Kahn. Ann 
'ifauf.!,lwll , James Sharber, Barbara Mann, Jeff Beren, Alan Abro7,amson, Richard 
T ittle, Roy Eal'le, Paul (Mike) LI/Ilch, Ronald Boldander, W illiam C. Penrod, 
IIennl Graeser, Terry Golden, Ricky Ec.:Tw 17wmp, Robert W . Spiro, Ed Gl'oscll rlh, 

arol W heeler, and Cllllck Perkins. (Ph otos Oil these pages h y Bob Hllm e) 

TWO STUD ENTS in Geosciences Division are at u:od, 011 seismic recordillg 
equ ipment. Ke n Henderso/1 (foregl'O lI lld) is a Cooke County Junio r college 
student; Prof. Jolm " ' . Gral,arn is t Ire supervisor, and Tim Rhoads (at rear) is II 

siudent at A ustin Co/leg,e. (PI,oto at right). 

Education Notes: The U. S. Office of Education has awarded 
a $2 19,000 development gra nt to the non-profi t Southwest 

Summer Students: Insight Into Researcb 

EDUCATION PROGRAMS 
Educational Development Corporation . Announced in mid 

June, the grant will provide funds to start SEDC's educational 


Pictured on these two pages are most of the more than 50 
 labora tory for Texa!l and Louis iana . President Gifford K. 
summer students selected for work and study at the Cente r Johnson of the Center is an SEDC director. The new labora
thi s yea r. They range from high school graduates to doctoral tory will concentrate on inter-cul tural needs of the two states. 

Special study will be devoted to the educa tional needs of two candidates; most arc undergraduates in colleges and un iversi 
million Spanish-speaking citizens, two million Negroes, largeties, situated literally from coast to coast. (H arvard, Wil liam 
French-speaking segments, and isolated pockets of children and Mary, Case, Notre Dame, Iowa State, Kansas, Washing
now deprived of educat ion. 0 Nearly 200 of the nation's best 

ton of St. Louis, T ulane , Occidental, and California Institute high school science students, and several from foreign coun
of Technology, to be more specific, plus 13 Texas colleges and tries, visited the Center in Mayas the 17th International Sci

un ive rsities). 
 ence Fair was held in Dallas. 0 Prof. Francis S. J01l11son, 


head of E arth and Planetary Sciences, lectured to the Ast ro 

Purpose of the summer program is to stimulate further the 
 nauts at NASA Manned Spacecraft Center in J lme, on Eartll's 
students ' expressed in terest in scientific research. Upper Atmosphere, Exosphere, and Ionosphere. 
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FACULTY AND STAFF 

Ne'eman Returns for Elementary Particles Study 

Prof. Yuual Ne'eman, Chairman of the Physics Department at 
the University of Tel Aviv, retu rned in July as a visiting faculty 
member in Mathematics and Mathematical Physics. With four 
of hi ::; former students, he joined the division facu lty in a 
workshop on Elementary Particle Physics . Coming here with 
Professor Ne'eman were Dr. Jolm Reichert, fo rmerly at The 
U niversity of Texas, who will proceed to a University of 
California fac ulty appointment this fall; Dr. Joseph Rosen, 
Department of Physics, Boston U niversity; Or. At ichael Ram, 
The Johns Hopkins University, Baltimore; and Dr. fi aim 
Goldb erg, Department of Physics and Astronomy , U niversity 
of Rochester. 

Marshall Heads Materials Research Division 

Formal establishment of the Materials Resea rch D ivision as 
the first unit of the Cente r's plaJUled Materials Sciences L ab
oratory was announced April 27. Prof. Lauriston C. Marshall 
was named head of the division . The R egional Magnet Facil
ity, schedu led to begin operation later thi s year, is the first 
element of the new division. 

Faul to Head Geology af Pennsylvania 

P rof . Henry Fau l, Geosciences Division, was named chairman 
of the Depa rtment of Geology, University of Pennsylvan ia, 
in J uly. 

Owen Joins SMU Statistics Department 

Prof. Donald B. Owen, head of Mathematical and Stochastic 
Systems, was appointed professor and director of graduate 
studies in the Department of Statisti cs , Graduate School of 
H umanities and Sciences, at Southern Methodist Univers ity. 
The appo intmcnt was announced in latc July. 

Faculty-Staff Notes: Asst . Prof. Ricardo Palmeira joined the 
Atmospheric and Space Sciences facu lty in May, coming fro m 
NASA-Goddard Space F light Cente r. 0 Asst. Prof. Ronald II. 
Baue1'le and Assoc. Prof. Hal'Old W erbin were appointed to 
the Biology Division faculty, arriving in the summer. P rofes
sor Bauerle came from Cold Spring Harbor (Carnegie l nsti-

A CHALLENGE cricket match played on July 2 re
sulted in a 63-24 victory for Geosciences Division (on e in
ning). Faculty and sta·ff members of B1'itish origin filled most 
positions on the ll-man teams. A bove, Geosciences Capt. 
Glen R ile!1 ta7ks strategy tcilh l-ierlJert Ha.as (Swiss), while 
Asst. Prof. Paul Ed tL'ards defend.s his wicket as the Atmos
pllel'ic and Space Sciences hatsman. Asst. Prof. I(ln Mac
Gregor and Research Scientist Rodleigh W. E. Green play 
'in the slips. 

In center foreground, Rod Simpkins (wearing cap) joined the 
tv Il as a Geosciences bowler. A native of South Africa, he is 
emplolled at the First Nat·io/1al Balik in Dallas, and is th e 
son-ill-law uf GRC Instrument Engineer John A. Keiller. 

tution) and P rofessor Werbin from the University of California 
at Berkeley. 0 Visiting Asst. P1·of · U. R. Rao returned to the 
Atmospheric and Space Sciences Division for the summer, 
from the Physical R esearch Laboratory, Ahmedabad, India . 
o Retu rning to Geosciences D ivision in June, after working 
here in the first quarter of 1965, was visiting P1·of. TatslIo Usami 
of the E arthquake Research Insti tute, University of Tokyo. 
o Visiting Scientist George W . Katta war, here for the sum
mer, will join the Physics faculty at North Texas State Uni
versity this fa ll as assistant professor. 

Executive Officers John Vanderford, A tmospheric and Space 
Sciences and Mathematics and Mathematical Physics, and 
Ke nneth A. Murray, Geosciences Division, joined the staff 
in May and J uly, respectively. Both came from Wash ington, 
D . C. M r. Vanderford had been Staff Assistant to Sen . Len B . 
Jordan (R-Idaho) and Mr. M urray was in the Office of Chief 
of Naval Operations. 

RESEARCH PROGRAMS AND GRANTS 
Two Programs Aim at Moon Instruments 

Two research programs at the Center are now directed at the 
quest ion of measur ing gas components of the Moon 's atmos
phere before it is grossly contaminated by rocket exhaust and 
other products of the Apollo manned flights. One program, 
announced last fall, involves the question of feasibili ty: 
whether it is possible to design a coincidence mass spectrome
te r weighing 10 pou nds and requiring 10 watts of electrical 
power. A laboratory instrument we ighing 1,200 pounds and 
needing 6,000 watts was received in May, as a starting point. 

An alternatc instrument proposed by the Atmospheric and 
Space Sciences Division and the NASA Ma nned Spacecraft 
Center in H ouston is a Cold CMllOde Ioni::ation Ga llge for 
the A1Jollo Lunar Surface EXl'el"iment . In both instances, the 
small instruments would be left on the Moon surface by 
Apollo Astronauts, and wo uld operate automalically after 
their departure. Prof. Francis S. J01111S0fl, Head of Ea rth and 
Planetary Sciences Laboratory, is the principal investigator in 
both programs, which are NASA-supported. Dr. Glenn H. 
Riley, Research Scientist, Geosciences Division, is co-investi
gator in the coi ncidence mass spectrometer program . Mr. 
Dallas Evans, Manned Spacecraft Center, is co-investigator in 
the ionizat ion gauge program. 

Research Notes: Dr. Lloyd Berkner and Prof. Lauriston C. 
Marslwll will continue studies in Evolution of t he Earth's At
mosphere under a NASA grant; they will al so begin a two
year p rogram to Develop a Broad Theory for the H istol'!1 of 
Atmospheres on Earth-Like Planets under a National Science 
Foundation grant made in June. 0 Prof. Mark Lalldismal1, 
Geosciences, will continue studies of Phljsical PropeJties of 
the Earth's Interiot' in a renewed co-operation with the Earth
guake Research Institute, University of Tokyo. The seismology 
program, a broad mathematk al approach to solutions of 
earth sciences problems, will involve Profs. Yasuo Sato and 
TatslLO (Tsami, and D r. Shuzo Ansano of the Tokyo facul ty. 
P rofessor Landisman 's work will be supported by a Nat ional 
Science Foundation grant. 0 Professor Landisman's Unified 
Geopl1ysical Stud y program rece ived the support of Office of I 
Naval Research in an additional grant made in J une. 

Office of Naval Research also announced a June award to 
Pmf. 1V Ol' Robinson, Mathematics and Mathematical Physics 

Division, foe Research in Applications 
Representations of the Lorent;:; Group 
Co-Investigators are Assoc. Pro fs . Mici 
Ozsvath, and Prof. W olfgang Hindler. 

Three field parties from Geosciences C 
bome seismic recording journey of m< 
miles in j uly. T hey will travel from I 
south shore of Lake Superior. The [I 

tened" for shock waves produced by 
plosives set off in the lake. Purpose of 1 
new data on high transmission speeds c 
upper mantle across the central United 
1966 is snpported by the Advanced Res 
and is monitored by the Ai r Force 0 
search under Contract AF 49(6 38)-1 
Hales, Research Scientist Hodleigh W . ( 
Te-,chnician Da.vid B. Edmondson headc 

Ma.rine Geo ph ysical Research in the Cc. 
of Mexico has been extended th rough 1 
a June amendmcnt to an Office of Nal 
Seismology, magnetic and gravitational 
investigations, have been conducted unl 
instrument deve lopment and fu rther w( 
compjished under the extension. P rincif 
fessor H ales. Co-Investigators a re Dl'. 
search Associate; Assoc. Profs . D . Ian ( 
Helsley, and Asst. Prof. f ohn S. Reit;;:el 
gation of Natllre and Composition 0 

Ma ntle wil l be carried out by Asst . Pre 
and Dr. Ja mes L. Carter, Research A! 
analytical, and synthetic techniques will 
appa ratus fo r conducting the work in 
capable of producing 50,000 atmosphe 
mum temperatures of 2500 degrees Cen 
synthetic mineral structures under condi 
deep beneath the E arth 's surface. The 
by a grant from the U. S. Army Resear 

T he Atomic En'ergy Commission, Offi e 
and American Cancer Society have each 
DOSimetry al1d Radiobiology Reseal' 
within tbe year by PTo f. Chairn Richman 
that beams of "pions," or negative pi-I] 
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RESEARCH PROGRAMS AND GRANTS 
Two Programs Aim at Moon Instruments e 

A CHALLENGE cricket match played on July 2 re
lted in a 63-24 victory for Geosciences Division (one in

ing). Faculty and staff members of British origin filled most 
ositions on the ll-man teams. Above, Geosciences Capt. 
len Riley talks strategy with Herbert Haas (Swiss), while 
sst. Prof. Paul Edwards defends his wicket as the Atmos
heric and Space Sciences batsman. Asst. Prof. Ian Mac
regor and Research Scientist Rodleigh W. E. Green play 

'n the slips. 

n center foreground, Rod Simpkins (wearing cap) ioined the 
un as a Geosciences bowler. A native of South Africa, he is 
mployed at the First National Bank in Dallas, and is 
on-in-law of GRC Instrument Engineer John A. Keiller. 

ution) and Professor Werbin from the University of California 
t Berkeley. 0 Visiting Asst. Prof. U. R. Rao returned to the 

Atmospheric and Space Sciences Division for the summer, 
rom the Physical Research Laboratory, Ahmedabad, India. 

Returning to Geosciences Division in June, after working 
here in the first quarter of 1965, was visiting Prof. Tatsuo Usami 
of the Earthquake Research Institute, University of Tokyo. 

Visiting Scientist George W. Kattawar, here for the sum
mer, will join the Physics faculty at North Texas State Uni
versity this fall as assistant professor. 

xecutive Officers John Vanderford, Atmospheric and Space 
Sciences and Mathematics and Mathematical Physics, and 
Kenneth A. Murray, Geosciences Division, joined the staff 
in May and July, respectively. Both came from Washington, 
D. C. Mr. Vanderford had been Staff Assistant to Sen. Len B. 
Jordan (R-Idaho) and Mr. Murray was in the Office of Chief 
of Naval Operations. 

Two research programs at the Center are now directed at the 
question of measuring gas components of the Moon's atmos
phere before it is grossly contaminated by rocket exhaust and 
other products of the Apollo manned flights. One program, 
announced last fall, involves the question of feasibility: 
whether it is possible to design a coincidence mass spectrome
ter weighing 10 pounds and requiring 10 watts of electrical 
power. A laboratory instrument weighing 1,200 pounds and 
needing 6,000 watts was received in May, as a starting point. 

An alternate instrument proposed by the Atmospheric and 
Space Sciences Division and the NASA Manned Spacecraft 
Center in Houston is a Cold Catlwde Ionization Gauge for 
the Apollo Lunar Surface Experiment. In both instances, the 
small instruments would be left on the Moon surface by 
Apollo Astronauts, and would operate automatically after 
their departure. Prof. Francis S. Johnson, Head of Earth and 
Planetary Sciences Laboratory, is the principal investigator in 
both programs, which are NASA-supported. Dr. Glenn H. 
Riley, Research Scientist, Geosciences Division, is co-investi
gator in the coincidence mass spectrometer program. Mr. 
Dallas Evans, Manned Spacecraft Center, is co-investigator in 
the ionization gauge program. 

Research Notes: Dr. Lloyd Berkner and Prof. Lauriston C. 
Marshall will continue studies in Evolution of the Earth's At
mosphere under a NASA grant; they will also begin a two
year program to Develop a Broad Theory for the History of 
Atmospheres on Earth-Like Planets under a National Science 
Foundation grant made in June. Prof. Mark Landisman, 
Geosciences, will continue studies of Physical Properties of 
the Earth's Interior in a renewed co-operation with the Earth
quake Research Institute, University of Tokyo. The seismology 
program, a broad mathematical approach to solutions of 
earth sciences problems, will involve Profs. Yasuo Sato and 
Tatsuo Usami, and Dr. Shuzo Ansano of the Tokyo faculty. 
Professor Landisman's work will be supported by a National 
Science Foundation grant. 0 Professor Landisman's Unified 
Geophysical Study program received the support of Office of 
Naval Research in an additional grant made in June. 

Office of Naval Research also announced a June award to 
Prof. Ivor Robinson, Mathematics and Mathematical Physics 
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Division, for Research in Applications of Spinors and Other 
Representations of the Lorentz Group to General Relativity. 
Co-Investigators are Assoc. Profs. Michel Cahen and Istvan 
Ozsvath, and Prof. Wolfgang Rindler. 

Three field parties from Geosciences Division began a truck
borne seismic recording journey of more than 1,300 airline 
miles in July. They will travel from Del Rio, Texas, to the 
south shore of Lake Superior. The recording systems "lis
tened" for shock waves produced by five-ton blasts of ex
plosives set off in the lake. Purpose of the project is to obtain 
new data on high transmission speeds of seismic waves in the 
upper mantle across the central United States. Lake Superior 
1966 is supported by the Advanced Research Projects Agency 
and is monitored by the Air Force Office of Scientific Re
search under Contract AF 49(638)-1746. Prof. Anton L. 
Hales, Research Scientist Rodleigh W. Green, and Electronics 
Technician David B. Edmondson headed the field parties. 

Marine Geophysical Research in the Caribbean Sea and Gulf 
of Mexico has been extended through February, 1967, under 
a June amendment to an Office of Naval Research contract. 
Seismology, magnetic and gravitational studies, plus heat flow 
investigations, have been conducted under the contract. New 
instrument development and further work at sca will be ac
complished under the extension. Principal Investigator is Pro
fessor Hales. Co-Investigators are Dr. John Dowling, Re
search Associate; Assoc. Profs. D. Ian Gough and Charles E. 
Helsley, and Asst. Prof. John S. Reitzel. 0 One-year investi
gation of Nature and Composition of the Earth's Upper 
Mantle will be carried out by Asst. Prof. Ian D. MacGregor 
and Dr. James L. Carter, Research Associate. Petrographic, 
analytical, and synthetic techniques will be used. Geosciences 
apparatus for conducting the work includes piston presses 
capable of producing 50,000 atmospheres' pressure at maxi
mum temperatures of 2500 degrees Centigrade, to form small 
synthetic mineral structures under conditions like those found 
deep beneath the Earth's surface. The program is supported 
by a grant from the U. S. Army Research Office (Durham). 

The Atomic Energy Commission, Office of Naval Research, 
and American Cancer Society have each made grants for Pion 
Dosimetry and Radiobiology Research to be conducted 
within the year by Prof. Chaim Richman. Past work has shown 
that beams of "pions," or negative pi-mesons (particles from 
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the nucleus of the atom), deliver large pulses of energy at the 
end of paths through tissues while doing relatively small dam
age to cells along the path. The unique peaking appears to 
hold promise for cancer radiation therapy. 

A study of Mechanism of Gene Expression and Its Regulation 
will be conducted by Asst. Prof. Ronald H. Bauerle of Biology 
Division under a late-May public health grant by the Depart
ment of Health, Education, and Welfare. 

PUBLIC COMMUNICATIONS 

'Science and University' Covers Center 

The book Science and the University covers the mission of 
the Center and the facts of its founding. Published by Colum
bia University Press, the book includes a chapter A New 
Community of Scholars in the Southwest. It was written by 
Vice President James S. Triolo, Development and Informa
tion. The Center is also noted in the chapter The Nonprofit 
Research Institute: A Nonunitiersity Approach, by President 
Beardsley Graham of Spindletop Research, Lexington, Ken
tucky. The book is edited by Prof. Boyd R. Keenan, Depart
ment of Political Science, Purdue University. It is drawn from 
papers given at a Purdue symposium of April, 1965, on the 
subject of Science and Puhlic Policy: Evolving Institutions. 

'Saturday Review' Has Center Articles 

In the May 7 issue, Saturday Review presented an article of 
more than four pages on The Role of Oxygen, by Dr. Lloyd 
Berkner and Prof. [,auriston C. Alarshall. The report was a 

6 

feature of the magazine's special issue on the subject of Sci
ence and Humanity, and summarized the conclusions reached 
in continuing study of atmospheric evolution and the related 
evolution of life itself. 

In addition, Science Editor John Lear published a short sum
mary of the paper given here by Dr. Philip Abelson on The 
Origin of Life. The paper was one of those given in the 
Invited Seminars on Exobiology. The series is covered by 
Prof. John Jagger's article in the following pages of this issue. 

The photograph of Doctor Abelson, Professor Jagger and 
Doctor Berkner used in the Spring issue of ADVANCE was 
also published with Editor Lear's report. 

First Regional Geological-Highway Map Released 

First regional issue of the United States Geological-Highway 
Map Series was published in St. Louis on April 24. The 
new map, released at the national meeting of the American 
Association of PetrC'lleum Geologists, was prepared by a com
mittee under chairmanship of Dr. Philip Oetking, Research 
Scientist in the Center's Geosciences Division. The national 
series of maps, when completed, will relate geological structure 
to sudace features such as highways and cities across the 
United States. Mid-continent states of Kansas, Missouri, Okla
homa and Arkansas are covered in the first regional unit. 
Dr. Dan E. Feray of Texas Christian University and Dr. H. B. 
(Pete) Renfro of Neches Petroleum Corporation, Dallas, are 
members of the mapping committee. The project is sponsored 
by the AAPG, and is expected to take more than three years 
to complete. 

~ 
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REPORT 

EXOBIOLOGY- II 
By Dr. John Jagger 
Professor, Division of Biology 

"In every domain, when anything exceeds a certain measurement, 
it suddenly changes its aspect, condition, or nature. The curve 
doubles back, the surface contracts to a point, the solid disinte
grates, the liquid boils, the germ cell divides, intuition suddenly 
bursts on the piled up facts ... Critical points have been reached, 
rungs on the ladder, involving a change of state - jumps of all 
sorts in the course of development. Henceforward, this is the only 
way in which science can speak of a 'first instance' .... 

In this new and more complicated sense ... our task, now, is to 
consider and define a beginning of life." 

- Teilhard de Chard in 

C. The Invited Seminars 

In the preceding issue of ADY ANCE, a summary of the 
"background" Exobiology Seminars (given by members of 
GRC) was presented. The present report concerns the "in
vited" seminars, given by speakers from outside the Center 
who have made major contributions to the study of exobiology 
(Table 3). 

There is space to present only the highlights of these talks. 
Some attempt will be made to do this in an orderly fashion, 
but this is difficult because many of the points are so greatly 
interrelated. It is assumed that the reader!has read the previ
ous report, which was relatively straightfprward and factual. 
In contrast, the present report is rather free-wheeling, specu
lative, and inconclusive, dealing as it does with questions on 
which even the recognized experts disagree. 

Origin Terrestria 

Dr. Pittendrigh poin 
planet must cope \\ 
molecules come in! 
organization arise? E 
in terms of our kno' 
the first question. 

THE INVI1 

27 Dec. 1965 
Dr. Colin S. Pitl 
Dean of the Gr 
Princeton Unive 

21 Feb. 1966 
Dr. Philip H. A 
Director, Geoph 
Carnegie Institu 

15 Mar. 1966 
Dr. Robert B. P 
Laboratory of R 
University of C; 
San Francisco l\! 

12 Apr. 1966 
Dr. Sidney W. I 
Institute of Mol 
University of M 

18 Apr. 1966 
Dr. Cyril A. Po 
Exobiology Divi 
Ames Research 

29 Apr. 1966 
Dr. John Oro 
Chemistry Depa 
University of H 

5 May 1966 
Dr. Harold C. { 
Department of 
University of C: 
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feature of the magazine's special issue on the subject of Sci
ence and Humanity, and summarized the conclusions reached 
in continuing study of atmospheric evolution and the related 
evolution of life itself. 

In addition, Science Editor John Lear published a short sum
mary of the paper given here by Dr. Philip Abelson on The 
01'igin of Ufe. The paper was one of those given in the 
Invited Seminars on Exobiology. The series is covered by 
Prof. John Jagger's article in the following pages of this issue. 

The photograph of Doctor Abelson, Professor Jagger and 
Doctor Berkner used in the Spring issue of ADVANCE was 
also published with Editor Lear's report. 

First Regional Geological-Highway Map Released 

First regional issue of the United States Geological-Highway 
Map Series was published in St. Louis on April 24. The 
new map, released at the national meeting of the American 
Association of Petroleum Geologists, was prepared by a com
mittee under chairmanship of Dr. Philip Oetking, Research 
Scientist in the Center's Geosciences Division. The national 
series of maps, when completed, will relate geological structure 
to surface features such as highways and cities across the 
United States. Mid-continent states of Kansas, Missouri, Okla
homa and Arkansas are covered in the first regional unit. 
Dr. Dan E. Feray of Texas Christian University and Dr. H. B. 
(Pete) Renfro of Neches Petroleum Corporation, Dallas, arc 
members of the mapping committee. The project is sponsored 
by the AAPG, and is expected to take more than three years 
to complete. 
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REPORT 

EXOBIOLOGY- II 
By Dr. John Jagger 
Professor, Division of Biology 

"In every domain, when anything exceeds a certain measurement, 
it suddenly changes its aspect, condition, or nature. The curve 
doubles back, the surface contracts to a point, the solid disinte
grates, the liquid boils. the germ cell divides, intuition suddenly 
bursts on the piled up facts ... Critical points have been reached. 
rungs on the ladder, involving a change of state jumps of all 
sorts in the course of development. Henceforward, this is the 
way in which science can speak of a 'first instance' .... 

In this new and more complicated sense ... our task, now. is to 
consider and define a beginning of life." 

Teilhard de Chard in 

C. The Invited Seminars 

In the preceding issue of ADV ANCE, a summary of the 
"background" Exobiology Seminars (given by members of 
GRC) was presented. The present report concerns the "in
vited" seminars, given by speakers from outside the Center 
who have made major contributions to the study of exobiology 
(Table 3). 

There is space to present only the highlights of these talks. 
Some attempt will be made to do this in an orderly fashion, 
but this is difficult because many of the points are so greatly 
interrelated. It is assumed that the reader has read the previ
ous report, which was relatively straightforward and factual. 
In contrast, the present report is rather free-wheeling, specu
lative, and inconclusive, dealing as it does with questions on 
which even the recognized experts disagree. 

., 
Origin Terrestrial Organic Molecules 

Dr. Pittendrigh points out that a consideration of life on any 
planet must cope with two questions: (1) flow do organic 
molecules come into being? and (2) How does biological 
organization arise? Both must of course be answered at present 
in terms of our knowledge of life on Earth. We consider here 
the first question. 

TABLE 3 

THE INVITED EXOBIOLOGY SEMINARS 

27 Dec. 1965 
Dr. Colin S. Pittendrigh "Why Go to Mars?" 
Dean of the Graduate School 
Princeton University 

21 Feb. 1966 
Dr. Philip H. Abelson "The Origin of Life" 
Director, Geophysical Laboratory 
Carnegie Institution of Washington 

15 Mar. 1966 
Dr. Robert B. Painter "The Principal Attribute 
Laboratory of Radiobiology of Life - A Minority 
University of California Report" 
San Francisco Medical Center 

12 Apr. 1966 
Dr. Sidney W. Fox "Concepts of Terrestrial 
Institute of Molecular Evolution Origins of 
University of Miami Macromolecules 

and Cells" 

18 Apr. 1966 
Dr. Cyril A. Ponnamperuma "Primordial Organic 
Exobiology Division Chemistry" 
Ames Research Center, NASA 

29 Apr. 1966 
Dr. John Or6 "A Convergent Attack 
Chemistry Department on Biopoiesis" 
University of Houston 

5 May 1966 
Dr. Harold C. Urey "Carbonaceous Material 
Department of Chemistry of Meteorites" 
University of California, San Diego 
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We shall not go into the details of the very extensive experi
ments of the Miller type conducted by Drs. Fox, Ponnam
peruma, and Oro. We have mentioned earlier (previous re
port) that a wide variety of amino acids, nucleotides, vitamins, 
and coenzymes have been produced in these experiments by 
irradiating or heating mixtures of simple gases. There are 
about 50 different experimental procedures of this type that 
have produced glycine! There seems consequently little reason 
to doubt that, given a sufficiently potent source of energy, 
many advanced biological compounds can eventually be pro
duced from the simple compounds that probably made up 
the early atmosphere. The energy sources used in the experi
ments of Fox, Ponnamperuma, and Oro include heat, ultra
violet radiation (UV), ionizing radiation (particulate and 
electromagnetic), sparks, arcs, corona discharges, and aero
dynamic shock waves. 

While there is no question about the validity of these labora
tory experiments, the highly interrelated questions arise as to 
which simple compounds were present in primitive times, 
which energy sources were actually used, and which reactions 
occurred. 

Certainly quite simple molecules (organic and inorganic) must 
have preceded the complex ones (organic) that are so charac
teristic of terrestrial life. These simple molecules may have 
included H2 , H20, CO2 , CO, CH" N z, NH:l, and HCN. 
(There is general agreement that oxygen was not an important 
constituent of the early atmosphere.) Some of these molecules 
would have dissolved in bodies of water, and early syntheses 
might have taken place in the atmosphere or in the water. 
The first sub-question we must ask is Which of these simple 
molecules were present and where did they come from? 

The first answer, given by Oparin and Urey, was that most, 
if not all of them, were here all the time, that they were part 
of the substance of the "condensing cloud" that formed the 
Earth. This argument was based on "cosmic abundances," 
which show that such molecules (or their constituent atoms, 
ions, or radicals) occur in most stars, in interstellar space, and 
in the atmospheres of the outer planets (Jupiter, Saturn, etc.). 

However, many of these gases do not occur in the atmospheres 
of the much smaller inner planets (Earth, Mars, Venus, etc.). 
Dr. Abelson notes that cosmic abundances indicate that we 
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should have xenon130 in our atmosphere. The virtual absence 
of this heavy gas suggests that it and all lighter gases were lost 
by chance thermal escape (the process by which the Moon 
presumably lost any atmosphere it may have had), which could 
have occurred during or after formation of the Earth. Support 
for this conclusion lies in the fact that the concentration of 
neon in our atmosphere is only 10-10 that expected by cosmic 
abundances. Dr. Abelson agrees with Drs. Berkner and Mar
shall that the early atmosphere (and hydrosphere) probably 
resulted from volcanic action (as well as from nonviolent out
gassing processes). Present-day volcanoes emit large amounts 
of water vapor and CO2 , as well as N z, H2 , CO, and sulfur
containing compounds. Abelson proposes that these gases 
made up the early atmosphere, and that CH, and NHa, which 
are not abundant in volcanic gases, and for which there is no 
geological evidence, were not important, the reducing quality 
of the early atmosphere being provided by Hz and CO. Urey 
disagrees with this conclusion, noting that any pressure of H2 
greater than 10-4 atm. will reduce COz in the presence of 
liquid water to CH•. Similarly, NHa would be produced, 
though less readily, from reaction of N z and H2. Of course, 
most of the NHa would dissolve in seas and thus not be a 
major constituent of the atmosphere. 

If the oceans were formed from volcanic water, then, since 
volcanic activity probably has been roughly constant in geo
logic time, this would imply that the oceans have been in
creasing in volume roughly linearly since the formation of 
the Earth. 

Dr. Ponnamperuma points out that comets are another pos
sible source of the early atmosphere. About 100 comets have 
probably collided with Earth in its history, thus adding some 
1012 tons of matter to the surface. Cyanogen (CN) and simple 
hydrocarbons have been observed in comets, and CO+ has 
been observed in comet tails. Dr. Oro notes that anyone of 
these comets would have all the carbon needed for present
day life! 

Although it is difficult to decide among these possibilities, 
theories that include a fairly constant replenishment of the 
atmosphere throughout geologic time seem more attractive, 
since there are so many ways in which atmospheric compo
nents might have been used up, even before life appeared. 

DR. HAROLD C. UREY, Nobel winner in chemistry, 
said here that he was a self-professed neutral on the ques
tion of life's presence on other planets; but he added that 
"it would be fascinating" to find confirmation of the hunch 
that life can exist elsewhere than on Earth. Dr. Urey is 
pictured above in a pre-seminar interview of May 5, when he 
spoke at the Center in the Invited Seminars on Exobiology. 

Some of the simple organic atmospheric molecules may have 
been produced in the atmosphere or hydrosphere, but we can
not discuss this until we have considered our second sub
question of Which energy SQUrces were used for t~e early 
organic syntheses and which 1Ypes of reaction occurred? 

Table 4 shows estimates of the energy available for purposes 
of synthesis at the surface of the Earth. The contribution from 
radioactivity was certainly higher in earlier ages, and that 
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should have xenon!30 in our atmosphere. The virtual absence 
of this heavy gas suggests that it and all lighter gases were lost 
by chance thermal escape (the process by which the Moon 
presumably lost any atmosphere it may have had), which could 
have occurred during or after formation of the Earth . Support 
fo r this conclusion lies in the fact that the concentration of 
neon in our atmosphere is only 10-10 that expected by cosmic 
abundances. D r. Abelson agrees with Drs. Berkner and Mar
shall that the early atmosphere (and hydrosphere) probably 
resulted from volcanic action (as well as from nonviolent out
gassing processes). Present-day volcanoes emit large amounts 
of water vapor and CO2 , as well as N~ , H 2 , CO, and sulfur
containing compounds. Abelson proposes that these gases 
made up the early almosphere, and that CH I and NHs, which 
are not abundant in volcanic gases, and for which there is no 
geological evidence, were not important, the reducing quality 
of the early atmosphere being provided by H" and CO. Urey 
disagrees with this conclusion, noting that any pressure of H~ 
greater than 10- 4 atm. will reduce CO~ in the presence of 
liquid water to ClL. Similarly, NH~ would be produced, 
though less readily, from reaction of N" and H 2 . Of course, 
most of the NHo would dissolve in seas and thus not be a 
major constituent of the atmosphere. 

If the oceans were formed from volcanic water, then, since 
volcanic activity probably has been roughly constant in geo
logic time, this would imply that the oceans have been in
creasing in volume roughly linearly since the formation of 
the Earth. 

Dr. Ponnamperuma points out that comets are another pos
sible source of the early atmosphere. About 100 comets have 
probably colljded with Earth in its history, thus adding some 
IOL2 tons of matter to the surface. Cyanogen (CN) and simple 
hydrocarbons have been observed in comets, and CO+ has 
been observed in comet tails. Dr. Or6 notes that anyone of 
these comets would have all the carbon needed for present
day life! 

Although it is difficult to decide among these possibilities, 
theories that include a fairly constant replenishment of the 
atmosphere throughout geologic time seem more attractive, 
since the re are so many ways in which atmospheric compo
nents might have been used up, even before life appeared . 

D R. HAROLD C. UREY, N obel lvil111 er in chemistry, 
said here that he was a self-professed neutral on the ques
tion of life's presence on other planets; but he added that 
",it would be fascinatin g" to find con firmation of the hl/nch 
that life can exist elsewhere than 0 11 Earth. Dr. Urey is 
p ictured above in a pre-seminar interview of May 5, when he 
spoke at the Center in the Tnvi ted Seminars Oil Exobiology. 

Some of the simple organic atmospheric molecules may have 
been produced in the atmosphere or hyd rosphere, but we can
not d iscuss this until we have considered our second sub
question of 'Which energy SOl/rces were used for the early 
organic syntheses and which types of reaction occurred? 

Table 4 shows estimates of tJle energy available for purposes 
of synthesis at the surface of the Earth. The contribution from 
radioactivity was certainly higher in earl ier ages, and that 

from lightning (an efficient source fo r atmospheric syn
theses) was probably higher. H eat was certainly important, a 
certa in level of temperature behlg essential for many of the 
reactions, but to be most effective , rhe heat should have been 
localized (as in hot springs or volcanic clouds) so that the 
molecules produced could quickly reach cooler surroundings, 
thus preventing back reactions. The UV presents a special 
problem. There was enough energy avai lable at the low wave
lengths (below 2000 A.) required for interaction with many of 
the atmospheric gases (Table 5), but these wavelengths surely 
did not reach the surface of the Earth, primarily because of 
absorption in water vapor. Those wavelengths that did pene
trate were probably above 2000 A. and hence not well 
absorbed by most of the simple atmospheric constituents. 

Radioactivity, lightning, and localized sources of heat were 
undoubtedly present at and near the surface. Short-wavelength 
U V and ioniz.ing radiation from the Sun would be available 
only at the top of the atmosphere. Presumably reactions took 

TABLE 4 

PRESENT SOURCES OF ENERGY AVERAGED 

OVER THE EARTHo 


Source ea) per ern -2 year -! 

Total radiation from SUN 260,000 
Ultraviolet light 


<2500 A 570 

<2000 A 85 

< 1500 A 3.5 


Electric discha rges 4.0" 
Cosm ic rays 0.0015 
Radioactivity (to 1.0 km depth) 0.8b 
Volcanoes 0.13 c 

1\ Includes 0.9 cal cm-2 year-! from lightning and about 3 cal cm- 2 

year· ! due to corona discharges from pointed objects. 
L The value 4X JOil years ago was 2.8 cal cm- 2 year-I . 
e Calcula ted assuming the emission of J km3 of lava per year at 

1000· . 

OF-rom S. L. Miller and N . H. Horowitz, Chap . 2, In, Biology nnel th 
Exploration of Mars, Publication 1296, National Academy of Stiences
National Research Council, Washington, D. C. (1966). 
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TABLE 5 

ULTRAVIOLET ABSORPTION BY POSSIBLE 
CONSTITUENTS OF THE PRIMITIVE ATMOSPHERE 

Wavelength at which 
Gas appreciable absorption begins 

Hz 900 A. 
N2 1100 A. 
CH4 1450 A. 
CO 1550 A. 
CO2 1690 A. Hp 1890 A. 
HCN 2000 A. 
NHa 2250 A. 
CHS" 2800 A. 
0'"2 1810 A. 
0'"S 3300 A. 

"These were not important constituents of the early atmosphere, but 
are shown because of their importance at later times. 

place in both locations. Most of the Miller-type experiments 
have included CH" Ponnamperuma suggests that radioactivity 
or lightning could break this down to methyl radicals (CH~·) 
and hydrogen. The methyl radicals could absorb UV up to 
2800 A. (Table 5) and there is then no problem for UV to 
carryon further reactions at the Earth's surface. 

Hydrogen cyanide (HCN) appears to be a crucial intermedi
ate in Miller-type reactions. Miller has shown that, in typical 
experiments, the HCN concentration rises rapidly as the NH, 
concentration drops. The HCN then goes on to help produce 
most of the products usually found. In fact, Ponnamperuma 
has been able to produce adenine simply by irradiating aque
ous solutions of HCN. Of course, if HCN were provided by 
comet collisions, this would help matters a great deal, but the 
HCN would probably be quickly used up and then there would 
be no more until the next comet. 

Dr. Abelson presents a rather unique picture of things. Start
ing from the assumption that there was no CH! and little NH. 
in the early atmosphere, he proposes first that the CO content 
of the atmosphere would be augmented by the reaction at 
high altitudes of short-wavelength UV with CO2 , He proposes 
further that this short UV would convert N2 plus CO plus H2 

into HCN. This molecule could then diffuse down to the 
water, where it would dissolve. Slightly alkaline solutions 
(such as primitive seas) containing HCN will produce glycine. 
Under the influence of 2537-A radiation, which would easily 
reach the surface in primitive times, many other amino acids 
are formed, including aspartic and glutamic acids, which, we 
shall see later, are most important. Because of a variety of 
reactions that tend to remove certain products from solution, 
Abelson concludes that a "thick soup" never did develop, but 
that the early reactions took place, not only in aqueous solu
tion, but in dilute solution. 

Origin of Terrestrial Life 

We consider here the second question Dr. Pittendrigh raises, 
How does biological organization arise? I think the question 
is well phrased. The more usual question, At what point did 
life arise? is too naive. Life appeared slowly, organic matter 
going through various critical points of organization and per
manence, as pointed up by the quotation of Teilhard de 
Chardin at the beginning of this report. 

We have several notions about this question, a few experi
mental data, and no certain knowledge. It is now well known 
that the helicity of amino acid chains (which imparts consid
erable stability) is determined largely by the amino acid 
sequence. Furthermore, the tertiary structure (folding), which 
endows many of them with their highly individual properties, 
is believed to occur spontaneously, and is therefore also deter
mined, in the last analysis, by the amino-acid sequence. Con
sequently, if long peptide chains can be made, complex 
proteins might occur spontaneously. Dr. Fox has found that, 
although heating (170·C.) of amino acid mixtures usually 
produces a "black, junky mass," the presence of relatively 
high concentrations of aspartic and glutamic acids in such mix
tures results in production of polymers of molecular weight 
3000-9000. In the presence of phosphates, some polymers are 
produced at temperatures as low as 70c C. These "proteinoids" 
have many of the properties of natural proteins. Their forma
tion is favored by the absence of water (formation of the 
peptide bond involves removal of a water molecule), This, and 
the high temperature requirement, seem at first glance potent 
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arguments against their relevance to early syntheses. However, 
tbese objtctions seem somewhat less important in the context 
of the picture we have drawn above of a volcanic and rela
tively dry early Earth. 

Oace fonned, the proteinoids of Fox may be heated moderately 
in Wlter. They then form large numbers of microspbc 
(about 2 microns diameter) of very uniform size, which can 
be centrifuged and studied further. Both Gram-negative and 
Gram-positive spheres are produced, depending on the lysine 
Content. The spheres show selective membrane e1I'ects. In elec

micrographs, they look remarkably like sections of bac~ 
teria, and some show double membranes. There is no doubt 
but·that these microspheres possess many features in common 
with simple cells. There is also no doubt that there are many 
~ical treatments that can result in the production of micro
spheres, and this has led to some criticism of this aspect of 

Ox's work. However, this work has accomplished the follow
:big important things: (1) it bas shown us that cerlain types of 
'"microorganization" of matter may occur with relative case, 

) it hfts shown that such microorganization can develop 
Within protein solutions. and (3) it bas serVed BS a warning 
against too ready interpretation of cell-like forms in ancient 
rocks as true ''£ouiJa.'' 

D r. Abelson points to the importance of comparative bio
cheMistry in our attempts to reconstruct the development of 
life. He notes that cytochrome-c from organisms as different 

yeast and horses have 64 of their 104 amino acids in 
~tical positions. and that Eck and Dayhoff have sugested 
that the original molecule of the protein ferrldoxin (S5 amino 
acids) was simply a 4-amino-acid sequence repeated over and 
over. Thus proteinA, the most complicated molecules known. 
are really not quite so complex as they may seem. Abelson 
also notes that proteins in the fossil shells of early molluscs are 

ry much more similar than those in present-day molluscs. 
Thus, the problem of producing the wide variety of .protein 
needed for living cells may not be as complex as was previ
ously thought. 

The nucleic acids, of course, are the "heart" of living matter. 
Dr. Painter, wrestling. as many have, with the problem of a 
definition of life (important, if we are to know what to look for 

At this point. we may attemot 
1CaJIC in which life may 
an Eanh with many lakes or S1D 
loral water volume smaU) and perhaps 1000 volcanoes. some 

ear or in these bodjes of waler. The volcanoes supply the 
water and various tiimple gases. Some other simple organiC 
gases ~ produced either at tbe ground (by radioactivity and 
lightning) or higb in the atmosphere (by shurt UV). Larger 
organic .moleculc.~ (such as amino acids) an: produced near 
the ground. on the ground. and in the water (by lightning, 
radioactivity, and UV). These molecules polymer~, uJing the 
heat of pools or dry land around the bases of the volcanoes. 
The various molecules so produced eventuaUy drain into laraer 

dies of cooler water, where they adsorb to clllYs, which en· 
courage further polymerization. Life begins in the clay 

deal about bow the large molecules of bi~ 
5 may have arisen on a lifeless planet such as 
still kuow eaentially nothing about bow 

organized into living sy51ems. It is clear 
molecule..~ possess potentialities for 

among waller mot~e!l. bot what 
ities are. and bow they became ex

we stm do not know. 

:rlrattme.8fTlal Life 

This Exobiology Seminar Series, like aU such discussions, has 
"degenerated" into a consideration of tbe origin of life on 
Earth. This is inevitable, since we know something about life 
on Earth and noth;n$!. abolit life elsewht.'t'r:. The uniqueness 
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