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signal tha t would be only marg ina l ly ob
servable, even if it a p p e a r e d ins tanta
neously. [ H a o et al., o p . cit.l 

H a o et al. took an a p p r o a c h of n o r m a l elas
ticity analysis e m p l o y i n g t he usua l conven
tions of sign. T h e essential f ea tu re , they state, 
is the avoidance in the i r analysis of t h e effects 
of stress s ingulari t ies . A re la ted p r o b l e m is in 
the p iezomagnet ic m o m e n t as it is p lo t ted 
across a fault. T h e y n o t e tha t stress a n d the 
piezomagnet ical ly i n d u c e d magne t i za t ion a r e 
c o n t i n u o u s across a fault , a n d t h u s t he calcu
lations d o no t yield art ifacts caused by the in
finite field tha t would be r e q u i r e d by a dis
cont inui ty , which would be physically impos 
sible. T h u s they i m p o s e d artificial limits on 
the calculated stress in the i r ' s m e a r e d disloca
tion' mode l . 

T h e resul t of t he calculat ions seems to be 
consistent with the observa t ions tha t p r e -
e a r t h q u a k e magne t i c p h e n o m e n a a r e h a r d to 
pin down. T h e a u t h o r s e n d on an opt imist ic 
note , however , 'Never the less , a s e i smomagne 
tic effect m u s t exist. . . . T h e pa r t i cu la r ad
vantages of sensitivity to stress r a t h e r t h a n 
strain and in tegra t ion of effects d o w n to ca. 
20 km, r ema in . Se i smomagne t i c observa t ions 
a re m o r e difficult t h a n we t h o u g h t , bu t we 
believe tha t they a r e feasible. ' 

T h e results indicate tha t t he magne t i c 
anomal ies a r e ex t r eme ly weak, t h e peak mag
netic flux densi ty r e a c h i n g 5 n T in only o n e 
mode l , a n d in all mode l s cons ide red t h e 
anomaly fields tha t e x c e e d e d 1 n T a r e very 
restr icted. T h u s identif icat ion of se i smomag
netic anomal ies will r e q u i r e very sensitive a n d 
favorably located i n s t rumen t s .—PMB 
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A new asteroid tha t periodical ly crosses t he 
ear th ' s orbi t was recent ly d i scovered w h e n 
two c o m p o n e n t s of a r a r e split come t were 
p h o t o g r a p h e d . T h e as te ro id has b e e n m a d e a 
possible cand ida t e for an as te ro id r e n d e z v o u s 
mission u n d e r s tudy at J e t P ropu l s ion Labo
ra tory . T h e newly d iscovered body , 1982 D B , 
is a m e m b e r of a g r o u p of ear th-orb i t -c ross 
ing objects called Apol lo as te ro ids . T h e y a r e 
maverick as teroids in u n i q u e orbi ts ou t s ide 
the main as teroid belt be tween Mars a n d J u 
piter . 

1982 D B , o n e of 34 k n o w n Apol lo aster
oids, m a d e its closest a p p r o a c h to the e a r t h in 
J a n u a r y , w h e n it passed within 4.6 mill ion k 
(2.9 million miles). T h e as te ro id also is espe
cially accessible f rom t h e e a r t h since it is 
nearly in t he p l ane of t h e ecl ipt ic—the ap 
p r o x i m a t e p lane of t h e solar system in which 
the p lanets orbi t t he sun . 

E leanor Hel in a n d E u g e n e S h o e m a k e r 
have c o n d u c t e d a systematic search for aster
oids a n d comets at P a l o m a r Obse rva to ry for 
10 years. T h e y d iscovered t h e new as te ro id 
while ob ta in ing a fol low-up observa t ion of 
C o m e t d u To i t -Har t l ey , which was obse rved 
45 years ago as a single body a n d which h a d 
split since its ear l ier a p p a r i t i o n . Bo th c o m p o 
nents of the come t w e r e r e c o r d e d a b o u t 1° 
apa r t on a single p h o t o g r a p h i c p la te with t h e 
1.2-m Schmid t te lescope at Pa lomar . In be
tween the two come ta ry bodies , Hel in f o u n d 
the character is t ic s t reak of t he 'new' aster
o id—1982 D B . 

' T o obta in an observa t ion of a split c o m e t 

" I HAVE THE A U G U S T J"G-R. WHERE 
DO YOU WANT ME T O P U T IT ? " 

a n d this object in tha t posi t ion in the sky is 
qui te ex t r ao rd ina ry , ' He l in said of the discov
ery. W h e n the as teroid was f o u n d , it dis
played r e t r o g r a d e mo t ion in re la t ion to the 
ear th . Observa t ions f rom the Kitt Peak O b 
servatory in Ar izona a n d the M a u n a Kea O b 
servatory in Hawaii a r e u n d e r w a y to de te r 
mine t he possible compos i t ion a n d size of t he 
asteroid, in add i t ion to its ro ta t ion ra te . Its 
size could r a n g e f rom less t h a n a mile to sev
eral miles in d i a m e t e r . 

Hel in ini t iated a systematic search for 
Apol lo- type as teroids in t he early 1970's in 
col laborat ion with S h o e m a k e r . T h e search, 
conduc ted with the Schmid t te lescopes at Mt. 
Pa lomar , has yielded m a n y discoveries, in
c luding t he Apol lo as tero id Aten , the first as
teroid f o u n d to have an orbi t smal ler t h a n 
the ear th ' s a n d a p e r i o d of revolu t ion abou t 
the sun of less t h a n a year. O t h e r discoveries 
inc lude u n u s u a l as tero ids cross ing Venus , 
Ear th , a n d Mars orbi ts a n d n u m e r o u s main-
belt as teroids . She d iscovered C o m e t Hel in in 
the sp r ing of 1977. 

T h e as teroid was d e t e r m i n e d to be an ac
cessible t a rge t for an as tero id r e n d e z v o u s 
mission, rep lac ing t he as teroid A n t e r o s as a 
p r ime cand ida t e for a possible mission to ex
plore a n d sample an as teroid . As te ro ids may 
contain a geologic r e c o r d of t he early solar 
system a n d could p rov ide clues to t he fo rma
tion of p lane ts a n d satellites. 

Accord ing to mission des igner s at the J e t 
Propuls ion Labora to ry , 1982 DB could be 
reached by spacecraft with relatively little en
ergy. T h e M a r i n e r M a r k 2 spacecraft , u n d e r 
s tudy at J P L for low-cost space exp lo ra t ion 
missions, could be used for such an as teroid 
r endezvous mission. [Source : JPL]—PMB 

Geophysicists 
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Benjamin A. Morgan has b e e n a p p o i n t e d 
chief of t he Office of Geochemis t ry a n d Geo
physics at t he U.S. Geological Survey in Res-
ton, Va. H e succeeds Robert I. Tilling, who 
had been chief since May 1977. Ti l l ing will 
r e s u m e his research within t h e USGS Geolog
ic Division in Res ton . 

Francis G. Stehli, d e a n of g r a d u a t e s tudies 
and resea rch at t he Univers i ty of Flor ida, has 
been a p p o i n t e d d e a n of the Univers i ty of 
Ok lahoma ' s new College of Geosciences . Be
fore b e c o m i n g d e a n at t he Univers i ty of Flor
ida in 1980, Stehli s p e n t 20 years at Case 
Wes te rn Reserve Universi ty as a professor of 
ea r th sciences a n d in var ious admin is t ra t ive 
posit ions, inc lud ing d e a n of science a n d engi
nee r ing . 

Some Perspectives of the 
Major Biogeochemical 
Cycles 
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G. E. Likens (Ed.) , S C O P E 17, J o h n Wiley, 
New York, xiii + 175 p p . , 1981. 

Reviewed by James C. G. Walker 

It was little m o r e t h a n a decade ago tha t 
the first a t t empt s were m a d e to compi le com
prehens ive b u d g e t s for t he t race cons t i tuents 
of the a t m o s p h e r e . T h e realizat ion tha t ma te 
rial flows t h r o u g h t h e a t m o s p h e r e — t h a t at
mospher i c gases have sources a n d sinks—was 
still s t range , exci t ing, a n d new. T h e b u d g e t s 
were grossly in e r r o r , of course , because the 
pho tochemica l activity of the t r o p o s p h e r e , as
sociated with the hydroxy l radical , was no t 
apprec ia t ed . T h e b iogeochemica l cycle has 
become a h o u s e h o l d n a m e in t he wor ld of 
science in a very sho r t pe r iod of t ime. 

W e study b iogeochemica l cycles to u n d e r 
s tand what processes con t ro l the compos i t ion 
of the e n v i r o n m e n t , to learn how this c o m p o 
sition may have var ied in the past , a n d to 
predic t how it may vary in the fu tu re . Con
cerns abou t pol lu t ion have been the major 
s t imulus to this s tudy. I n d e e d , t he vo lume 
u n d e r review is a publ ica t ion of the Scientific 
C o m m i t t e e on P rob l ems of t he E n v i r o n m e n t 
(SCOPE) of the In t e rna t i ona l Counci l of Sci
entific Un ions ( ICSU). As up- to -da te as any 
work available, this vo lume shows how m u c h 
we have l ea rned a b o u t b iogeochemical cycles 
a n d how little we know. 

T h e r e a re at least t h r e e phases in the s tudy 
of b iogeochemical cycles, all of t h e m illustrat
ed in this book. T h e first phase is the b u d g e t : 
an a t t e m p t to descr ibe a n d quant ify the flows 
of mater ia l tha t cons t i tu te the cycle. Section I 
is ent i t led 'Biogeochemical Cycles of C a r b o n , 
Ni t rogen , a n d S u l p h u r ' a n d conta ins excel
lent b u d g e t p a p e r s by T . Rosswall for n i t ro
gen a n d M. V. Ivanov for s u l p h u r . T h e r e is 
also a d i s appo in t ing art icle on theor ies of cli
ma te c h a n g e by E. T . Degens , H . K. W o n g , 
a n d S. K e m p e . T h i s art icle is uncri t ical a n d 
unba lanced in its survey of ideas in this field. 

T h e second p h a s e is the a t t e m p t to u n d e r 
s tand how a b iogeochemica l cycle works : 
W h a t a re the cont ro ls a n d feedbacks tha t de 
t e r m i n e the sizes of t he fluxes. T h e r e is little 
of this k ind of work in this vo lume , because 
the major focus is p h a s e t h r e e : in te rac t ions 
be tween b iogeochemica l cycles. In t e rac t ions 
a r e j u s t b e g i n n i n g to receive a t t en t ion ; this is 
probably the first b o o k d e v o t e d to t h e m . T h e 
impact is u n e v e n . O n t h e o n e h a n d , it be
comes clear tha t m o r e t h a n 10 years of in
tense effort have t a u g h t us very little a b o u t 
the real work ings of n a t u r e . O n the o t h e r 
h a n d , t h e r e clearly a r e i m p o r t a n t a n d in ter
est ing in teract ions for us to exp lo re . D. H . 
Ehhal t , in a s t r a igh t fo rward a n d u n c o n t r o -
versial p a p e r , cons ide rs t h e pho tochemica l 
coup l ing of n i t rogen , s u l p h u r , a n d c a r b o n cy
cles in the a t m o s p h e r e t ha t results f rom the i r 
c o m m o n d e p e n d e n c e o n hydroxyl . G. E. Lik
ens , F. H . B o r m a n n , a n d N . M. J o h n s o n use 
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a largely anecdota l a p p r o a c h to descr ibe in
teract ions in te r res t r ia l ecosystems. A fine pa
p e r by D. W. Sch ind le r shows how p h o s p h o 
rus in fresh water ecosystems cont ro ls t h e cy
cles of n i t rogen , c a r b o n , a n d s u l p h u r . T h e 
c o m p a n i o n p a p e r by R. Wollast o n m a r i n e 
ecosystems is really a b u d g e t p a p e r m a s q u e r 
a d i n g as a p a p e r a b o u t in terac t ions . 

T h e last two c h a p t e r s dea l with socioeco
nomic impacts . G. Pe r s son es t imates t h e costs 
of cont ro l l ing o r c u r i n g t h e effects of acid 
rain in E u r o p e . K. M. Meyer-Abich cons ide rs 
possible political r e sponses to inc reas ing at
mosphe r i c ca rbon d iox ide : p r even t i on , com
pensa t ion , a n d a d a p t a t i o n . H e a r g u e s tha t t he 
a p p r o p r i a t e r e sponse , a n d i n d e e d the only 
realistic o n e , is a d a p t a t i o n . In o t h e r words , 
t he e n v i r o n m e n t a l effects of increas ing car
bon d ioxide , as p resen t ly u n d e r s t o o d , d o no t 
call for any mi t iga t ing political act ion. I rec
o m m e n d this provocat ive p a p e r highly. It ef
fectively chal lenges s o m e of o u r fondes t illu
sions. 

James C. G. Walker is with the Space Physics 
Research Laboratory at the University of Michigan, 
Ann Arbor. 

A Geology of Ireland 
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C. H . Ho l l and (Ed.) , J o h n Wiley, New York , 
x + 335 p p . , 1981 , $ 4 9 . 9 5 . 

Reviewed by Kevin Burke 

Regional geologists a r e a m o n g the u n s u n g 
he roes of t he e a r t h sciences. T h e y m a k e 
m a p s in the field a n d d r a w s t ra t ig raph ic a n d 
s t ruc tura l cross sect ions tha t they con t ro l by 
labora tory faunal , s t r a t ig raph ic , a n d p e t r o -
g raph ic s tudies . O u r k n o w l e d g e of how the 
world worked in t h e past d e p e n d s o n t h e ac
cumula t ion of m a n y years of this k ind of 
u n g l a m o r o u s da ta acquis i t ion. In I r e l a n d , 
field work has of ten b e e n difficult: it r a ins a 
g rea t deal , m u c h of t h e solid geology is b u r 
ied b e n e a t h Q u a t e r n a r y cover , a n d political 
a n d economic cons ide ra t ions at t imes in t he 
past have not always e n c o u r a g e d geologic re
search. 

Seen against such a b a c k g r o u n d , t h e com
prehens ive s u m m a r i e s e m b o d i e d in this book 
r e p r e s e n t t r i u m p h a n t resul ts of h a r d - w o n 
struggles . Most of t h e n i n e a u t h o r s a r e facul
ty m e m b e r s at T r i n i t y Col lege, Dubl in , a n d 
they have d iv ided t h e book in to 15 c h a p t e r s 
a r r a n g e d in s t r a t ig raph ic o r d e r f rom 'P re -
Ca ledon ian B a s e m e n t ' to ' T h e Li t t le tonian 
W a r m Stage-Post 10,000 BP. ' In add i t i on , 
t h e r e is an i n t r o d u c t i o n by t h e ed i to r ; a br ief 
c h a p t e r on geophysics , with m a p s of reg iona l 
gravity a n d magne t i c anomal ie s ; a c h a p t e r on 
economic geology, i nc lud ing s o m e in fo rma
tion on the I r ish con t inen ta l shelf; a n d a 
c h a p t e r on the his tory of I r ish geology. 

T h e r e a r e 191 figures which a r e t he m e a t 
of the book. A b o u t o n e t h i rd a r e well-chosen 
obl ique aerial p h o t o g r a p h s , satellite images , 

a n d g r o u n d p h o t o g r a p h s , a n d two th i rds a r e 
geologic m a p s , s t ra t ig raph ic sect ions, a n d 
s t ruc tu re sections. T h e r e is an excel lent i n d e x 
a n d a b ib l iography usually of be tween 10 and 
20 re fe rences at t he e n d of every chap t e r . 
T h e book, a p a r t f rom its obvious role in t h e 
Brit ish Isles, shou ld find a place as a basic 
re fe rence in any l ibrary with a claim to re 
gional c o m p r e h e n s i o n . 

I f o u n d the chap t e r s o n t he Q u a t e r n a r y , 
the Ca rbon i f e rous , a n d the lower Paleozoic 
especially in teres t ing . T h e I r ish Q u a t e r n a r y is 
deservedly famous , a n d F r a n k Mitchell sum
marizes its history in two au thor i t a t ive a n d 
en t e r t a in ing c h a p t e r s revea l ing (in a t o n e of 
regre t ) tha t as h e grows o l d e r t he d u r a t i o n of 
depos i t ion of the I r i sh Q u a t e r n a r y a p p e a r s to 
grow shor t e r . I r ish C a r b o n i f e r o u s rocks a r e 
extensively exposed , a n d a l t h o u g h economi 
cally significant coals a r e absent , major sul
fide bodies have been f o u n d within t h e m 
d u r i n g the last 25 years . T h e s t ruc tu ra l a n d 
sed imen ta ry e n v i r o n m e n t s of C a r b o n i f e r o u s 
depos i t ion in I r e l a n d a r e var ied a n d c o m p l e x 
a n d have m u c h to teach s t u d e n t s of basin 
evolut ion. 

D u r i n g the o l d e r Paleozoic, t he n o r t h e r n 
a n d s o u t h e r n pa r t s of I r e l a n d lay o n e i t he r 
side of the Iapetus ocean , a n d t h e s u t u r i n g of 
the two halves of t h e island has left a geologic 
r ecord of e x t r e m e complexi ty . T h e c h a p t e r s 
deta i l ing t he history of these events occupy 
nearly half t he book. If t he p i c tu re they leave 
is somewha t confus ing it is p r o b a b l y as m u c h 
because t he processes involved des t roy mos t 
of the r eco rd as because t he a u t h o r s have se
verely l imited the i r c o m m e n t s (p r e sumab ly 
f rom cons idera t ions of space) o n wha t was 
go ing on at t he s a m e t ime a long-s t r ike in 
N o r t h Amer i ca a n d Grea t Br i ta in . Cha r l e s 
Hol land notes in his p re face tha t it is 17 years 
since Char leswor th ' s Historical Geology of Ire
land a p p e a r e d . In tha t t ime, geology has ex
pe r i enced m o r e t h a n o n e revo lu t ion , a n d 
those of us with I r i sh roots can be p r o u d tha t 
I re land ' s geologists have n o t only acqu i r ed 
m u c h new da ta b u t have also p r o v e d capab le 
of i n t e rp re t a t ion in t e r m s of t h e new u n d e r 
s t and ing of how the e a r t h works . 

Kevin Burke is with the Department of Geologi
cal Sciences, State University of New York, Albany. 
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A r t h u r B. Weissman 
has been selected as the 
1 9 8 2 - 8 3 A G U C o n g r e s 
sional Fellow. O n Sep
t e m b e r 1, he will com
mence his 1-year t e r m 
on Capitol Hill as 
AGU's sixth C o n g r e s 
sional Fellow. 

Weissman received his 
Ph.D. ear l ier this year 
f rom the D e p a r t m e n t of i 
G e o g r a p h y a n d E n v i r o n m e n t a l E n g i n e e r i n g 
at the J o h n s H o p k i n s Univers i ty . His disserta
tion focused on the aesthet ics a n d g e o m o r -
phology of e n v i r o n m e n t a l c h a n g e s . 

H e said, as a Congress iona l Fellow h e 
would like to get involved m o r e direct ly in 
e n v i r o n m e n t a l issues w h e r e scientific consid
era t ions mus t be re la ted to o t h e r , of ten com
pet ing, viewpoints . 'I relish this mix of disci
pl inary perspect ives a n d value systems a n d 
the cha l lenge of sor t ing o u t d i f ferent policy 
objectives, ' Weissman said. ' T h e congress iona l 
issues in which I a m par t icular ly in te res ted 
involve land use , e n v i r o n m e n t a l impacts , a n d 

W a t e r a n d air quali ty. ' H e also is in t e res t ed in 
the way e n v i r o n m e n t a l impac t s a r e def ined , 
evaluated , a n d a p p r o a c h e d . 

In 1975, he received an M.F.S. d e g r e e in 
na tu ra l r e source m a n a g e m e n t f rom Yale Uni 
versity's School of Fores t ry a n d E n v i r o n m e n 
tal Studies . Weissman received his A .B . de 
g ree in 1970 f rom H a r v a r d Col lege, w h e r e 
he majored in Engl ish l i t e ra tu re a n d took 
p remedica l courses . 

His professional e m p l o y m e n t inc ludes a 2-
year stint as assistant d i r ec to r of Connec t i cu t ' s 
chap t e r of T h e N a t u r e Conse rvancy , w h e r e 
he was respons ib le for m a n a g e m e n t of n a t u r e 
preserves a n d for t he s u m m e r s t u d e n t i n t e rn 
ship p r o g r a m . Weis sman also has he ld sum
m e r or pa r t - t ime resea rch posi t ions with t he 
U.S. Geological Survey a n d the Nat iona l Oce
anic a n d A t m o s p h e r i c Admin i s t r a t i on . In ad
di t ion, he was a full-time m e m b e r of t he fac
ulty at Leysin A m e r i c a n School in Swi tzer land 
from 1 9 7 1 - 1 9 7 3 . 

T h e A G U Congress iona l Science Fellow 
p r o g r a m is o n e of abou t 20 profess ional soci
ety p r o g r a m s tha t m a k e u p t h e A m e r i c a n As
sociation for the A d v a n c e m e n t of Science 
Congress iona l Science a n d E n g i n e e r i n g Fel
lows P r o g r a m . T h i s p r o g r a m involves scien
tists and eng inee r s in m a k i n g publ ic policy 
within Congress by work ing e i the r o n t he 
staff of m e m b e r s of Congres s , for a cong re s 
sional commi t t ee , o r in s o m e o t h e r a r ea of 
Congress .—BTR 
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