
be the primary facilitator. 

Where to find and how to train better math and science teachers for 
U.S. classrooms is discussed: "After all, teachers can exponentially 
improve the nation's research efforts by training thousands of 
prospective scientists." "It seems all but improbable that the only 
martian meteorites to reach Earth came from a single small region 
on the surface of Mars. Thus, where are the 'missing' martian mete- 
orites that must have also reached Earth...?" And theories of how 
anterioposterior patterning develops in the limb are compared. 

Math and Science Education: supported by the National Science Foun- 

Training the Teachers dation (NSF) and other agencies, and there 
is one principle I have learned: Placing 

The growing need for science and math math or science specialists into the class- 
teachers might be met in part by employing room without appropriate content level for 
recent science Ph.D.s, as Jeffrey Mervis the class or successful teaching and moti- 
discusses in his News Focus article "How vational strategies is a recipe for disaster. 
to produce better science and math teach- What could the federal government do 
ers" (1 Sept., p. 1454). This idea is being to make such a program to recruit Ph.D.- 
tested in ~ o s g o m e r ~  County, Maryland, 
public schools in partnership with the Na- 
tional Institutes of Health (NIH). The part- 
nership program has been structured to re- 
spond to key recommendations of the Na- 
tional Research Council. which include 
providing a compressed certification pro- 
cess and the ability of the Ph.D. partici- 
pants to retain ties to research. 

The program was launched at the begin- 
ning of this school year. Two postdocs are 
first-year science teachers while involved 
in an intense in-service training program 
that not only provides teacher certification, 
but also support and mentorship. NIH will 
provide summer employment so they can 
keep their research skills current. Also dur- 
ing this academic year, other postdocs who 
are interested in teaching science or math 
will be given time away from their NIH du- 
ties to shadow teachers and visit class- 
rooms. Thus far, response to the program 
from recent Ph.D.s, the students, other 
teachers, and the school administrators has 
been positive. The number of post-docs in- 
quiring about the program is increasing 
(I), and the program will be expanding. 

Michael M. Cottesman* 
National Institutes of Health, Bethesda, MD 
20892, USA 

Sandra R. Shmookler 
Montgomery County Public Schools, 850 Hunger- 
ford Drive, Rockville, MD 20850-1747, USA 
*Deputy Director for Intramural Research ' References and Notes 
1. Inquiries about the program may be faxed to Sandra 

Shmookler at (301)517-8182. 

$ g Mervis presents a well-balanced view of 
3 the strengths and weaknesses of recruiting 

Ph.D.s to teach .kindergarten through 12th $ grade (K-12) math and science in U.S. 
g classrooms. I've been working with K-12 

teachers for nearly 20 years in programs 

level scientists for teaching a success? Set 
up teacher training institutes at a national 
level, where those selected to train the 
prospective teachers would be drawn from 
the nation's best K-12 mentor teachers and 
award-winning science professors. National 
fellowships could be offered for postdocs, 
recent Ph.D.s, or any mathlscience special- 
ists to learn how to teach, at what level to 
teach, and how to motivate students to learn 
science and math. Such fellowships should 
carry the full prestige of NSF or NIH (like 
postdoctoral fellowships or R01 research 
grants) and provide substantial stipends to 
show prospective teachers that the United 

- - 

States considers K-12 teaching as impor- 
tant as, if not more so than, research. After 
all, teachers can exponentially improve the 
nation's research efforts by training thou- 
sands of prospective scientists. 

Steven B. Oppenheimer 
Center for Cancer and Developmental Biology, 
California State University (CSU), Northridge, CA 
91330-8303, USA. E-mail: steven.oppenheimer@ 
csun.edu 

I am a secondary school chemistry and 
physics teacher with a graduate degree in 
physical chemistry, and Mervis's article ap- 
pealed to me in a personal way. He reports 
that the National Research Council is sug- 
gesting a shift in the burden of continuing 
teacher education from the local school 
districts to university faculty, but the re- 
sponsibility does not lie with either of 
these-it lies with the individual. All pro- 
fessionals, in this case teachers, have the 
personal responsibility to keep current in 
their disciplines by reading relevant jour- 
nals, attending conferences or seminars 
each year, and networking with colleagues. 
The only assistance that a teacher really 
needs is the time and money to pursue the 
endeavors, and here the employer-not the 

Joseph W. Dolce 
Holy Ghost Preparatory School, 2429 Bristol Pike, 
Bensalem, PA 19020-5298, USA 

Missing Martian Meteorites 
In his Perspective entitled "The latest news 
from Mars" (Science's Compass, 3 Mar., p. 
1601), David W. Mittlefehldt discusses the 
data on the global surface composition of 
Mars obtained by the Mars Global Surveyor 
Spacecraft, which was reported by Band- 
field et al. in the same issue (Reports, "A 
global view of martian surface composition 
from MGS-TES," p. 1626). Mittlefehldt 
notes that, on the basis of mineral composi- 
tion, the most promising impact crater 
launch sites for the SNC meteorites (a group 
of stony meteorites devoid of chondrules) 
are in the Tharsis Montes-Olympus Mons 
region, located in the northern hemisphere. 

It seems an unlikely scenario that theThanis 
Montes and Olympus Mons region shown here 
is the only Launch site of martian meteorites. 

This raises an interesting puzzle. The 
region including Tharsis Montes and 
Olympus Mons (TMOM) covers about 
10% of the surface area of Mars. Yet 12 of 
the 13 SNC meteorites appear likely to 
have mineralogies associated with this 
small region of Mars's surface. It seems all 
but improbable that the only martian mete- 
orites to reach Earth came from a single 
small region on the surface of Mars. Thus, 
where are the "missing" martian mete- 
orites that must have also reached Earth 
but which so far have not been identified? 

In addition to the TMOM region, the 
surface of Mars has two other basic re- 
gions: the ancient basaltic highlands, 
which account for -60% of the surface 
area, and the northern andesitic plains, 
which account for -30%. Therefore, as- 
suming that all meteorites launched from 
the surface of Mars have about the same 
chance of reaching Earth, we should ex- 
pect that if we have found -12 SNC mete- 
orites, we also should have found -36 me- 
teorites of northern plains composition 
and 72 representatives of the ancient 
highlands crust. 
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SNC meteorites are attributed a martian 
origin on the basis of isotopic anomaly1 
abundance ratios for chiefly the noble gas 
elements, although other indicators are tak- 
en into account. The initial identification, 
however, is usually based on the mineralo- 
gy of the meteorite. I suggest, therefore, 
that any meteorites that have a type of min- 
eralogy broadly representative of either the 
ancient southern highlands or the younger 
northern plains of Mars be analyzed for no- 
ble gas isotope anomalylabundance ratios 
to see if they indicate a martian origin. This 
could be done well ahead of the proposed 
but now delayed, Mars sample collection 
and return mission. 

Richard L. S.Taylor 
Probability Research Croup and British Interplane- 
tary Society, 27/29 South Lambeth Road, London 
SW8 ISZ, UK. E-mail: probability.rgroup@virgin.net 

Response 
Taylor has put his finger on a well-known 
conundrum in martian meteorite studies. 
Before I launch into that discussion, though, 
I need to clarify one of Taylor's comments. 
He indicates that it is on the basis of mineral 
compositions that the TMOM area is con- 
sidered a likely site of origin for many of the 
martian meteorites. In fact, the Thermal 
Emission Spectrometer data do not reveal a 

region of Mars that matches the meteorite 
spectra (see by Bandfield et al.'s report). 
The reason why the TMOM area is a 
promising source region for the martian me- 
teorites is that it is a young volcanic region 
thought to be of the right age (1,2). 

Now for the conundrum. The cosmic- 
ray exposure ages of martian meteorites, 
determined by measuring nuclear transmu- 
tations that build up with time, fall into 
five or six distinct groupings (3). Impact- 
mechanics theorists have suggested that 
large (several tens of meters) rocks were 
originally launched off Mars (4). The inte- 
riors of these large rocks were shielded 
from cosmic-ray effects, and they were lat- 
er broken up by collisions in space. This 
secondary breakup then started the cosmic- 
ray exposure clocks running, and the mea- 
sured ages thus are less than the time of 
launch off Mars. However, more recent 
modeling indicates that, in fact, the martian 
meteorites were launched as small bodies, 
and therefore the cosmic-ray exposure ages 
of martian meteorites do indicate their 
launch times from Mars (5); that is, there 
were five or six separate launch events (3). 

All martian meteorites but one have 
measured "formation" ages of 1300 million 
years or less ( I ) , determined by radiometric 

dating. Because the martian meteorites are 
igneous rocks, these formation ages are gen- 
erally interpreted to be the times of crystal- 
lization from magma. Estimates of the ages 
of the different geologic terrains on the sur- 
face of Mars (6),based on the number of 
craters over the different regions (7),indi-
cate that either 4 6 %  or <7% of the martian 
surface is composed of volcanic rock 4 3 0 0  
million years old. As Taylor argues, it is im- 
probable that four out of five (or five out of 
six) of the impacts on Mars that yielded me- 
teorites occurred on the small fraction of the 
surface covered by young volcanic rocks. 

Taylor suggests that many meteorites 
from other regions of Mars have simply not 
been detected in our meteorite collections; 
however, this is unlikely. All recovered me- 
teorites that are brought to the attention of 
scientists have a basic characterization done 
on them, which typically includes a descrip- 
tion of the texture and a few analyses of the 
major minerals; sometimes chemical com- 
positions are determined. These results are 
listed in the "Meteoritical Bulletin," pub- 
lished in Meteoritics and Planetary Science. 
Meteorites that are unusual in outward ap- 
pearance typically receive particular atten- 
tion in this process. Although there may be 
some meteorites in collections that have not 
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received adequate preliminary characteriza- 
tion, it is doubtfd that there could be many 
tens of martian meteorites among them. On- 
ly one meteorite, ALH 84001, has a forma- 
tion age consistent with the presumed age of 
the southern highlands. 

The inescapable conclusion is that one 
or more of the assumptions that go into the 
chain of logic outlined above are wrong. 
Where the error lies is unknown, but either 
the cosmic-ray exposure ages do not yield 
the launch times, or the crystallization 
ages are not the true ages, or a much 
greater fraction of the martian surface is 
51300 million years old. This issue was 
discussed in detail by Nyquist and col- 
leagues, who suggested a possible resolu- 
tion of the paradox (I). However, the solu- 
tion to this conundrum will most likely re- 
quire returned bedrock samples from care- 
fully selected terrains on Mars. 

DavidW. Mittlefehldt 
C23, Lockheed Martin SO, 2400 NASA Road 1, 
Houston, TX 77058, USA. E-mail: d a v i d . ~ .  
rnittlefehldtl@jsc.nasa.gov 
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7. The observed crater densities provide relative ages of 
the various surfaces of Mars. The relative ages are 
converted to absolute ages by using estimates of the 
rate of impacts and the size spectrum of impacting 
bodies t o  calculate how long i t  would take to build 
up the observed crater density. Two different abso- 
lute age scales for Mars have been developed from 
this method, which are the source for the estimates 
of <16% or ~ 7 %  for the proportion of Mars's surface 
composed of young volcanic rock. 

Fingering Digit Identity 
In commenting on the study by Dahn and 
Fallon on digit identity in the vertebrate 
limb (Reports, "Interdigital regulation of 
digit identity and homeotic transformation 
by modulated BMP signaling," 21 Jul., p. 
438), one developmental biologist told Sci-
ence correspondent Michael Hagmann, 
"Nobody anticipated that the positional in-
formation does not reside within the digit 
precursors" (News of the Week, "Why 
chicks aren't all thumbs," 21 Jul., p. 372). In 
fact, for more than two decades, my col- 
leagues and I have argued that the primary 
mechanism in the establishment of the limb 
skeletal pattern is one that establishes arrays 

of equivalent elements (for example, digits) 
that i r e  individualized at laterAstages by 
means of local interactions. We have sup- 
ported our arguments by studies of limb bud 
tissues in vitro and by theoretical models 
(I). In a 1988 minireview (2),we noted that 
a solution to the developmental problem of 
limb pattern formation would be to "consid- 
er the various skeletal elements as equiva- 
lent from their inception ...[This] places 
greater emphasis on the similarities between 
the various skeletal elements than on their 
differences when considering the mecha- 
nisms that first establish them as skeletal el- 
ements. If the various elements are eventual- 
ly to become nonequivalent morphological- 
ly, biochemically, or physiologically, these 
differences could be acquired by local inter- 
actions that lead to second order modifica- 
tions of the original pattern." 

One obstacle to understanding the un- 
derlying mechanisms of skeletal pattern 
formation is the notion of "positional in- 
formation" itself. Positional information 
has been proposed to be embodied in a 
molecular gradient that provides an ad- 
dress for each cell in an embryonic field 
(3). As regards the limb, this theory hy- 
pothesizes that each skeletal element to 
be generated requires a distinct cellular 

Most approaches to proteomics concentrate other. How specific is the interaction? How strong? 
on identifying proteins. But you also need to How fast? How much of the protein is present? 
understand what the molecules do. 

beyond the simple structural information provided The answers are the key to success in basic and 
by electrophoresis and mass spectrometry. applied R&D in proteomics. They will open the 

You need to know which proteins bind to each door to a more accurate picture of life. 
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