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J-21-the first beautiful centrifuge 
Not only beautiful, but tough - built with our 20 years of ultra- 
centrifuge know-how. The J-21 does more work because it accel- 
erates and decelerates faster than older centrifuges. It provides 
speeds to 21,000 rpm, forces to 50,000 g, and processes volumes 
to 3 liters. It will handle advanced accessories like zonal, continu- 
ous-flow and re-orienting rotors. You get an easy-to-set refrigeration 
system, extra long brush life, and a 7 year warranty on rotors. The 
opeIrating conveniences are beautiful, too-such as the work space on 
the J-21's top for loading and unloading rotors. 

For the full story on this new centrifuge for the modern labora- 
tory, write Spinco Division, 1117 California Avenue, Palo Alto, 
California 94304, for Data File J-21-3. 
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We've app1liedou Vrserc t your apIe 

For example, our now Physiometric for the quantitative measure- 
Electromeagnetic Flowmeter. ment and recording of intra and 

extracellular biopotentials. 
The Physiometric Electro- ~ .Adjustable controls pro- 

magnetic Flowmeter provides VI'de dc offset potential at the 
blood flow metering of surgi- input terminals and adjustable 
cally exposed but intact vessels negative capacity at the posi- 
in vivo, and in in-vitro proce- tive input terminal to cancel 
dures used with extracorpo- transducer and/or cable 
real or by-pass devices. Or our new Microelectrode capacitance. 

Preamplifier. It is designed as a wide 
band, high performance pre- 

The Microelectrode Pre- amplifier for use with a variety 
& ~~amplifier is a compact, f ixed of microelectrodes and high 

gain differential dc preamplifier impedance transducers. 

And our new Solid-State Channel Amplifier and Couplers. 
The Solid-State Channel Amplifier is available 

with a wide range of couplers and is compatible 
The on-oclusve "lec- with every Physiograph? ever made. 

thoi ernon-occlusie permec- Eight couplers are now available: Transducer 
tronc zro"feaureperits Coupler, GSR Coupler, Electrosphygmograph 

instant checking of zero flow Coupler, Strain Gage Coupler, DC-AC Coupler, baseline 
reference 

wi 
thoutlme- Hi-Gain Coupler, Temperature Coupler, and the 

chanlicalyoclsioubng of otherboo Impedance Pneumograph Coupler. 
vesse, diaysistubin, or therIf you'd like more information,let us know. Or, fluid conduit. stop by our booths (P. 50, 51, and 52) at the FASEB . 

Meeting in April. 

AA 
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Soe things are changing for the better. 

A practical way to automate 
a GC lab ... one step at a time 

Although gas chromatographs 
(GC's) are designed and built for 
around-the-clock operation, the 
majority of them are used only a few 
hours each day ... and never on 
Sunday. There are always good reasons 
for such under-utilization of expensive 
equipment. In this case, it's a matter 
of manpower: some one has to be 
present to inject a new sample into the 
GC; and every time an analysis is 
completed, some one has to spend 
about a half-hour translating the analog 
data of the recorded chromatogram 
into a meaningful quantitative analysis. 
Since most GC laboratories operate on 
a 40-hour week, it simply has not made 
good economic sense to add a second 
and third shift simply to realize a 
fuller utilization of the GC's. 

But that's no longer the only 
solution. Some new instruments have 
recently appeared on the scene that 
allow you to triple the analytical output 
of your GC lab without increasing 

your staff or number of GC's. And you 
can do it a step at a time, as your 
budget allows, each step fully 
compatible with the next one. 

First there's the 7670A Automatic 
Sampler. It measures and injects 
samples into your GC, completely 
unattended. The impact of the 7670A 
on the productivity of your lab can be 
dramatic: a single chromatographer 
can prepare samples and load them 
into the 7670A thirty six at a time, 
keeping the GC productive around the 
clock, even over weekends. Assuming 
a half-hour cycle per sample, he can 
produce well over 200 analytical runs 
a week, easily three times his best 
output with manual injections. If 
you're wondering about the reliability 
of the 7670A, don't. We have 
repeatedly performed 24,000 
continuous automatic injection cycles 
with it in our laboratories-the 
equivalent of more than two years of 
unattended operation-without a 
failure. As an unexpected bonus, you'll 
also improve the quality of your 
laboratory's output because the 7670A's 

:01~~~~~~~~~~~~~~~~~~~~~~... l.l ..- ::.i:| 
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machine-reproducibility is consistently 
more precise than a skilled technician. 
Cost is $2850. 

Then there's the 3370A Integrator. 
It automatically quantitates the GC 
analysis, prints an area count for each 
peak on the chromatogram and a total 
area count for the analysis, if desired. 
This cuts the chromatographer's 
computational load by about 10 
minutes per sample (the time that it 
takes him to make area measurements 
manually). Apply this to a 
7670A-equipped GC capable of 
producing 200 analyses a week, and 
you eliminate more than 30 hours of 
computation time ... enough to pay 
for the 3370A, which costs $4950, in 
about four months. And you'll enjoy a 
further marked improvement in the 
precision of your GC analyses. 

Next step in this modular approach 
to automation is the 3360A GC Data 
Processing System, an on-line data 
handling system whose HP 2114B 
Computer is fully programmed for GC. 
It processes data simultaneously from 
up to eight GC's equipped with 3370A 
integrators and automatically prepares 
a typewritten report of each analysis, 
including the name, retention time and 
%S concentration of each component. 
The 3360A thus completely eliminates 
manual computation, cutting an 
additional 20 minutes per sample 
from the chromatographer's load (the 
time that it takes him to compute 
component concentrations manually 
and prepare a final report). To 
understand the potential impact of the 
3360A on your GC lab, two additional 
facts must be kept in mind: the cost of 
the 3360A to a laboratory that has 
eight GC's already equipped with 
3370A integrators is not $100,000 or 
$50,000, but less than $20,000 
installed; and the 3360A is 
theoretically capable of processing 
more than 6000 analyses per month. 
Even if we assume that it will be used 
for as few as 1000 samples monthly, 
the 3360A will eliminate more than 
300 hours of computation time from 
your manpower budget, enough to pay 



for the entire cost of the system in 
little more than 6 months. 

Finally, for laboratories whose 
sample load does not exceed 500 per 
month, there's an even more economical 
way to automate data handling. By 
adding a hardware-plus-software 
option to your 3370A Integrator, you 
can automatically produce a 
computer-compatible punched paper 
tape record of integration data. You 
then feed the punched paper tape 
off-line to any of the principal 
time-share computers, using the BASIC 
-language program provided, and 
automatically receive a complete report 
of the analysis, as with the 3360A. 
This cuts some 17 minutes of 
computation time per sample (in 
addition to the 10-minute reduction 
from the 3370A proper) ... or a 
savings of some $1400 monthly based 
on a 500-sample load. Considering all 
costs-the $1550 cost for the 3370A 
option and the variable costs of the 
time-share computer lease-payout 
takes less than six months. 

If you care to study in more detail 
the economics of HP's step-by-step 
automation for your GC lab, write for 
the Fall 1970 issue of Analytical 
Advances, a 32-page study of the 
subject. 

New tool for on-line 
control system analysis 

(Note: To our Scientist Readers: The 
subject of the following article is a new 
instrument for continuous signal 
analysis that is useful in medical 
research, acoustics, radio astronomy 
and many other scientific measurements 
as well as in the process control 
application described.) 

Very recently at a large power station 
in England, a system analysis of an 
attemperator (temperature control) 
loop was completed on-line, without 
disturbing plant output in any way. As 
the control characteristic of the loop 
was displayed on a screen during the 
experiment, adjustments were made to 
optimize control system response and 
the results were displayed immediately. 

The job of the control system 
engineer-to predict how the system 
will react to a given input pulse-has 
not always been so easy. If he tested 
the system with a large enough impulse 
to produce a measurable response, 
plant output was changed in a way that 
could not be tolerated. 

Some progress was made when 
control system analysts discovered the 
power of cross-correlation. With this 
mathematical technique, a test noise 
signal is applied to system input at such 
a low level that system output is not 
changed beyond normal background 
disturbances. Yet by cross-correlating 

t t 

ofthe testtnoiseawithosystemioutputnove 

do not interfere because they are 
uncorrelated with the test noise. At 
first, cross-correlation did not help 
because it could only be accomplished 
after the fact, through off -line digital 
computation. What made thoe difference 
in the English experiment was the 
availability of two new HP instruments: 
a Model 3721lA on-line correlator 
that's about as easy to use as an 
oscilloscope, and a Model 3722A 
precision noise generator that 
synthesizes repeatable pseudo-random 
noise, ideally suited to system analysis. 

Correlation is fundamentally an 
averaging technique that is a powerful 
tool in recovering all kinds of periodic 
signals that are buried in noise, and in 
establishing a relationship between 
apparently unrelated signals. With the 
37 2 l A, the technique is easily applied 
on-line for continuous signal analysis in 
many kinds of scientific measurements. 
It might be useful in your work too. 
The Correlator costs $8325 and the 
Noise Generator $2650. On request, 
we'll be glad to send you a packet of 
information on these two instruments 
and a 96-page booklet on Discrete 
Signal Analysis. 

Acquire and reduce scientific 

mesreet auoaial.- 
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calculations that turn raw measurements 
into useful information. Some scientists 
still rely on slide rule and adding 
machine for this work; some have 
acquired a 9100 Computing Calculator 
and, in one economical stroke, cut their 
computational load by half or more. 

If you're in the second group, we'd 
like to tell you of a new way to liberate 
even more of your time for scientific 
investigation, by letting your data 
gathering instruments communicate 
directly with a data processing system. 
You might think that this will 
necessarily involve you in the cost and 
complexity of a computer. 

Not so. With the new HP 
Coupler/Controllers, you can now tie 
many measuring instruments to the 
9100 and get reduced data directly ... 
from more than 40 HP digital 
instruments including voltmeters, 
frequency and time counters, nuclear 
scalers, quartz thermometers and 
GC integrators. 

You can even connect a teletypewriter 
to them and get a complete report 

of your experiment, formatted as you 
like it and prepared automatically on a 
typewritten sheet, punched paper tape 
or even on the calculator's X-Y plotter. 

We'd be happy to send you 
bulletins that explain how you can 
expand the capabilities of your 9100 
for on-line data handling and even for 
automatic test systems. Write for 
"Calculator-Based Instrumentation 
Systems." Couplers are priced at 
$1275 or $1875; interfaces cost $450 
to $1775 per device. 
Hewlett-Packard, 1507 Page Mill Road, 
Palo Alto, California 94304. 
In Europe: 1217 Meyrin-Geneva, 
Switzerland. 

Measurement_. A.lyi. Comutaio 
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These new instruments represent the successful sessions? Would you like to submit samples to our' 
culmination of years of research devoted to replacing the Applications, Laboratories? We'll work with you in any 
complex, tedious, and time-consuming methods of way you prefer. Begin here.,,,,, 
ordinary optical microscopy with what is, in essence, The CytograPf 
"automatic microscopy.". This instrument has two major capabilities: (1) It can 

These automatic devices very rapidly measure and distinguish between stained and unstained cells in 
display multiple photometric properties of individual many procedures involving cells that take up 
cells flowing in a liquid suspension. As a result, blue or green stains (e.g., in viability, alyitsue 
conventional manual procedures usually requiring culture studies). (2) It can size a wide variety of cells or 
minutes-or hours-can actually be 'accomplished in particles within the 1 to 100 micron range. 
seconds. The Cytofluorograf 

Now, since the implications and applicability of this This instrument can characterize and differentiate 
new technology are enormous and will inevitably cells based on scatter measurements, scatter and 
challenge the ingenuity of rTese archers in many fields, we f luorescence of cells stained with a fluorescent dye, or 
propose adialog Bgin. by reading the brief description two wavelength -fluorescent -emissions f rom a 
of these two instruments below and then: ask us for metachromatic fluorescent dye. (Typical applications: 
detailed informations. After fam Iliarizing yourself with the mass constituent analysis, vital stain analysis.) 
impressive capabilities ofthese devices, instruct us as to Now if your work involves the capabilities described 
your wishes. Would you like to see an instrument in above-or logical extensions of them-a dialog may well 
action? Would you liketo attend one of our Workshop be mutually beneficial. Your turn: 

Write Blo/Physics Systems, Inc., Baldwin Place Rd., 

Bl/PyscsSytesInc. BadiPlcidBldi lcNY 0Q 
in the Cytograf10 the Ctfurgrf detailtedou infomtin 

I~~~~~~~~I 



The new lEC B-20A High Speed Six heads, including two swing- * Isopycnically banding or 
Refrigerated Centrifuge is a ing buckets, zonal rotors, most pelleting of subcellular particles, 
versatile, general purpose ultracentrifuge angle rotors, and bacterial and whole cells. 
research instrument designed a broad selection of acces- Zonal Centrifugation: lEG's 
for broad applications in sories make the lEC B-20A ideal line of zonal rotors broaden the 
medical, industrial an d research for separation of whole cellIs, B-20A's capabilities and facili- 
laboratories. It offers the medi- nuclei, mitochondria, lysosomes tt nieynwsadrsi 
cal and research community and other cellular organ elles. taeentiqusrecision sandarover- 
large volume and high resolu- Gravities to 45,500 xg. Maximum allcentifuges peffcieincyn pvrev- 
tion capabilities at speeds from volume is 1,500 ml (6x250). ouly impossible wfithnc ap20,00 

1,000 t 20,00 rpm, nd has Applications: Differential sepa- rpm machine. With zonal rotors, 
a complete selection of acces- ration of mitochondria, lyso- the B-20A can process sample 
sories designed to meet the somes, other cellular organelles, volumes from 1 0 ml to over 
most exacting requirements of and membranes * Centrifugal 1 00 ml using density gradient 
speed, gravity and volume. filtrations * Precipitate proteins techniques, and up to 800 ml in 

Clarification of particulate many isopycnic applications. 
suspensions' Concentration, Some examples: The B-29 
purification and separation of zonal rotor can process up to 
micro particles from ribosomes 2,000 mg of ribosomes in a 
to whole cells * Latex particle single run Separation of micro- 

THE 20,000 RPM ~~~~~~~~size and density distribution somes, lysosomes, mitochon- 
studies * Density gradient dria and nuclei can be obtained 
studies of small volume prepa- in one run with the smaller vol- 
rations using horizontal heads ume B-30 rotor * The Z-15 rotor, 

SUPERCENTHI lO GE . Macromolecular Dreparations ~~~~~~with its larger initial radius, 
L ~~~~~increases efficiency nearly 

300 O/ and allows subcellular IS There ARY.1hing It an I Don ~~~~~~~~~~~particle separations for most cell 
systems to be completed in less 
than four hours * A continuous 
flow insert, together with the 
Z-1 5, can be used for isopycnic 

MIN ~~~~~~~~~~~~~~~banding and pelleting, and will 
concentrate up to 75 liters of 

bacteria (one micron 
diameter) culture in an 
eight hour day. The cells 
can be suspended in a 

gradient to insure their 
survival during the 
separation and may 
be recovered con- 
centrated in less than 
1 00 ml of gradient 

The B-20A is backed 
by lEG's more than 
70 years of experience 
in the centrifuge field, 
and years of use in 
hundreds of labora- 
tories around the world. 
If you want to know 
more about this versa- 
tile 20,000 rpm cen- 
trifuge that does almost 
anything, write Dept. 
B-20A, International 
Equipment Co., 
300 S~teon Avenuei 



HOW to Condense 
2 Days of 

Graduate Level Teaching 
into 30 Minutes... 

and Achieve a 
Level of Comprehension 

Seldom Attained. 

Take a specific phase of post-graduate education, one 
that defies conventional teaching-demonstration tech. 
niques. Select a leading scientist-educator in that field. 
Then combine his knowledge and educational skills with 
those of a team of audio-visual experts. 

The result: a thirty-minute presentation that reduces a 
20-hour experiment to its essentials, presented with 
detail and understanding never before achieved . . . 
presented as a close-up view over the shoulder of the 
scientist as he explains "why" he selected the techniques 
used to solve a problem and also "how" his decisions 
were made within a given experimental program. 

That, in brief, is how Graduate Education Network is 
developing a comprehensive program on Physical and 
Chemical Methods of Analysis. And now available is 

the first series of presentations, "ANALYTICAL UL. 
TRACENTRIFUGE PRACTICE' by Howard K. 
Schachman, Chairman of the Department of Molecular 
Biology at the University of California, Berkeley. In 
video tape or film format in color, they will serve to 
enrich existing courses of study in this specialized field. 

Write for brochure or film/tape demonstration, or 
phone for immediate demonstration on the series: 
Analytical Ultracentrifuge Practice. 

OXGEN 
Graduate Education Network 
801 Welch Road 4 Cours des Bastions 
Palo Alto, Calif. 94304 Geneva 1205, Switzerland 
(415) 326-4731 (022) 24 23 06 
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DON'T CALIBRATE! 

and complete 
an experiment 
in the time 
it formerly took 
to set up 

69 , Ru Gabet * 95 Villier 
^ s Le Be, France 
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Governance of the Association 
The Board of Directors of the AAAS has established a Committee 

on Governance (1) and directed it to "propose a revision of the Con- 
stitution and Bylaws of the Association to facilitate the expansion of the 
Association's program and membership and to improve the responsive- 
ness of the Association's programs and procedures to the membership." 
The urgent need for this change reflects not only a more active involve- 
ment of the members in all affairs of the Association and explicit crit- 
icism of some of the current election procedures, but also a worldwide 
democratization of all human institutions-be they churches, universities, 
or professional societies. 

The basic provisions of the present Constitution and Bylaws were 
approved in 1952 after a reassessment of the functions of the Association 
during the Arden House Conference called by Warren Weaver in 1951. 
The Arden House report (2) urged "the cultivation of synthesizing and 
unifying activities as the main emphasis of the AAAS in its internal 
work," and "to improve public understanding of science as the main 
external emphasis." The report of the conference strongly reaffirmed 
the objectives as revised in 1946. The present Committee is not inclined 
to change these. 

The Committee on Governance consulted with the Committee on 
Council Affairs and the Board of Directors and, in December 1970, 
reported its plans and time schedule to the Council at the Chicago 
meeting. Two principles appeared to the Committee to be overriding for 
the years ahead. First, the AAAS must be a democratic organization in 
which members have a direct role, through elections, for determining 
who shall conduct the affairs of the Association on their behalf. Second, 
the Committee senses a decided trend over the last quarter century 
to markedly increase the role of the Association in advancing, through 
public understanding, the use of science for the promotion of human 
welfare. 

The first major problem to which the Committee is seeking a solution 
involves membership and elections. Who shall be eligible for member- 
ship? Shall there be any differentiation among members for the purpose 
of governance? How shall principal officers of the Association be nom- 
inated and elected? 

A second area of concern is the organization and management of the 
AAAS. The present Council has a membership of 540, the majority 
selected as representatives of affiliated societies. A poll of Council 
members in 1968 favored a reduction in size to between 100 and 200 
members. It is urgent that we create a Council of workable size, which 
is selected by and directly responsible to the 133,000 members of the 
Association instead of predominantly to the organizations affiliated with 
AAAS. Such a Council could better serve as the primary legislative body 
of the Association, with the Board of Directors providing, as at present, 
the essential executive and management; function. 

Through this editorial the Committee earnestly solicits observations 
and suggestions from all members of the Association (3). A draft report 
from the Committee will be circulated to Council members for comment 
early in the fall. It is the Committee's hope that changes in the Consti- 
tution can be approved by the Council at the 1971 annual meeting in 
Philadelphia.-LEONARD M. RiESER, Chairman, Committee on Govern- 
ance, and Provost, Dartmouth College, Hanover, New Hampshire 

1. The Committee consists of three members from the Committee on Counoil Affairs: 
Merrill M. Flood, Lorrin A. Riggs, and Frank Bradshaw Wood; three members of the 

IBoard of Directors: David Blackwell, Leonard M. Rieger, and Kenneth V. Thimann; 
and a representative from the Youth Council: Mack Lipkin, Jr. 

2. W. Weaver, Science 114, 472 (1951). 
3. Communications should be addressed to the Executive Officer, AAAS, 1515 Massa- 

chusetts Avenue, NW, Washington, D.C. 20005. 
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An important question is how many 
(and which) elements are sufficient 
to characterize a shard adequately. 
Sometimes, but not usually, one or 
two elements are sufficient. The clay 
found in a place in southern Israel, 
for instance, is characterized by a high 
hafnium content (12 parts per mil- 
lion), whereas most other clays con- 
tain only 2 to 3 parts per million. In 
an analysis of a group of Cypriot pot- 
tery, one piece was found to contain 
this high concentration of hafnium, 
and the rest of the composition was 
subsequently found to match the clay 
from Israel. 

Thus far, 1400 pieces of Cypriot 
pottery have been analyzed to obtain 
a background on this type of ceramic 
ware. To provide a reliable analysis for 
an unknown Cypriot sample, an esti- 
mated 10,000 pieces will be needed. 
Similarly, an adequate study of the 
Mediterranean pottery would require 
about 100,000 pieces. The present rate 
of analysis is about 2000 pieces per 
year. The rate of analysis may be in- 
creased, but the difficulty of handling 
and, particularly, of recalling the in- 
formation needed for interpretation of 
results increases with the rate of acqui- 
sition of data. 

To achieve high accuracy, it is nec- 
essary to irradiate a calibrated sample, 
as well as the unknown, for compari- 
son. About 2 years was required to de' 
velop a reliable, homogeneous sample 
of suitable quantity, one which had a 
representative composition and filled 
all requirements for such a standard. 
Analysis can be made on a very small 
sample, but usually a 100-mg sample 
is taken by use of a sapphire drill. 
Even this quantity is small enough so 
that it can usually be removed in an 
inconspicuous place, thus causing no 
visible damage to valuable pieces. 

S. Fleming (Research Laboratory 
for Archaeology and the History of 
Art, Oxford University, England) de- 
scribed the thermoluminescence meth- 
od of dating ceramics. This method, 
which measures the faint luminescence 
that is produced when ceramic objects 
are heated to a point where normal in- 
candescence would interfere with the 
measurement (500'C), is intrinsically 
absolute. The luminescence is caused 
by the release of electrons trapped in 
crystal lattice defects in the clay. The 
electrons are trapped as a result of radi- 
ation occurring in the ceramic object. 
Alpha and beta radiation of relatively 
low penetrating power comes from ra- 
dioactive material always present in 

clays; the gamma radiation, which has 
a substantially higher penetrating pow- 
er, arises largely from the soil in which 
the object is buried. Average contribu- 
tions of alpha and beta radiation are 
0.22 and 0.19 rad per year, respectively, 
while the contribution from external 
sources (gamma and cosmic radiation) is 
on the average approximately 0.08 rad 
per year. Thus, about 16 percent of 
the total radiation to which the ware 
is subjected is caused by the environ- 
ment. Because of the low penetration 
of the alpha radiation, it affects only 
the surface of the larger grains in the 
clay, and measurements are now made 
with samples from which the coarse 
grains have been eliminated by care- 
ful crushing and sieving and which, 
therefore, consist of grains with a di- 
ameter of about 1 to 2 jam. Alter- 
natively, tests are made by using only 
coarse grains (about 100 jam in di- 
ameter) on the assumption that, of 
the intrinsic radiation, only the beta 
radiation has been effective. The cali- 
bration is performed by irradiating the 
material with a known dose and mea- 
suring the additional light produced on 
heating. The larger the ratio of light 
output on irradiation to that produced 
by the original sample, the less time 
has elapsed since the last firing of the 
ware, given an approximately equal 
background radiation contributed by 
the soil in which the object was buried. 

In assessing the probability of au- 
thenticity, it is necessary to estab- 
lish a minimum and a maximum age 
for the specimen. The criteria for au- 
thentication are (i) the minimum pos- 
sible age may not overlap the docu- 
mented era of forgery, and (ii) the 
maximum age must not exclude the 
archeological date of manufacture. 
The minimum age is given by the ra- 
diation experienced by ware that was 
buried at depths greater than 1 m in 
nonradioactive soil and that was there- 
fore only affected by cosmic radiation. 
It amounts to 0.014 rad per year. The 
maximum external radiation is much 
more difficult to estimate; a figure of 
0.17 rad per year is used. Usually 
great accuracy is not so important for 
questions of authentication, however, 
because the older specimens are nor- 
mally the most interesting and the dis- 
tinction between old and new is not 
difficult to make. 

The size requirement for samples is 
about 25 mg, although measurements 
have been made on as little as 5 mg. 
A tungsten carbide drill is used for 
taking samples. 
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Chronic Microelectrode Recording 
from Unrestrained Animals: 
Two new systems introduced by Frederick Haer & Co. permit long-term 
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F. J. Turner (Department of Ge- 
ology and Geophysics, University of 
California, Berkeley) discussed the 
petrographic character of classic mar- 
bles. His emphasis was on the poten- 
tial value of petrographic studies in 
determining the provenience of mar- 
bles and, particularly, on some notable 
pitfalls in this connection. 

Since there are only two, and in 
some cases three or four, additional 
minor components in most marbles, 
examination of thin sections under 
polarized light gives information on 
the mineralogical identity of the com- 
ponent grains and on their mutual 
geometric relations, which define the 
rock texture. 

Marbles are formed by metamor- 
phic recrystallization of limestones; 
statuary marbles usually contain 90 to 
99 percent calcite, whereas some mar- 
bles have dolomite as their principal 
component. Different recrystallization 
temperatures, pressures, and periods 
cause different reactions with clay and 
silica impurities and result in minor 
minerals with characteristics that are 
readily identifiable with the polarizing 
microscope. Conventional chemical 
analysis, x-ray diffraction, and super- 
ficial microscopy are not diagnostic 
since they determine only the features 
that these materials have in common, 
not those that distinguish them. 

Two problems that concern the arche- 
ologist are the possible geographic 
source of a particular piece of stone 
and the matching of fragments of mar- 
ble objects. Texture, fabric, and min- 
eralogy are the characteristics that are 
most useful for distinguishing marbles 
according to their origin. Differentia- 
tion according to grain size is not a 
good criterion since grain size is highly 
variable in individual localities and, 
sometimes, even in single thin sections. 
Twinning of crystals, however, is a 
function of recrystallization conditions, 
and it varies substantially from quarry 
to quarry. The shape and outline of 
the grains also provide a textural char- 
acteristic useful for differentiating mar- 
bles. 

Probably the best characteristic for 
matching fragments of statuary or in- 
scribed slabs is the "fabric"-that is, 
the alignment of elongated grains, or 
crystallographic parallelism even of 
nonelongated grains. Fabric represents 
a pervasive pattern of orientation of 
the principal symmetry axis of the in- 
dividual calcite grains. Special and la- 
borious techniques of microscopy and 
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x-ray analysis must be used for such 
studies. 

Mineralogical criteria do not give 
such positive information; therefore, 
differentiation by mineralogy depends 
heavily on the experience and back- 
ground information possessed by the 
petrographer. However, where charac- 
terizing minerals are present, the ex- 
perienced petrographer can usually 
identify them easily with a polarizing 
microscope. 

Probably the most important contri- 
bution of petrography to identification of 
marbles is to rule out certain hypoth- 
eses. Occasionally a marble from a 
particular locality may have an unusual, 
and therefore diagnostic, mineral con- 
stituent, such as the red manganiferous 
silicate Piedmontite in a pink variety of 
marble from Mount Pentelicon. Since 
petrographic information is obtained 
with relatively low investment of time 
and special equipment, petrographic 
techniques should be considered impor- 
tant and useful adjuncts to other techno- 
logical methods in the support of ar- 
cheology. 

Radiocarbon investigations of the La 
Brea Tar Pits were discussed by R. 
Berger (Institute of Geophysics and 
Planetary Physics, University of Cali- 
fornia, Los Angeles). Many Pleistocene 
animal fossils and the only human 
skeleton found in the La Brea Tar Pits 
in Hancock Park, Los Angeles, have 
been subjected to radiocarbon dating 
experiments. Because these bones were 
impregnated with an "infinitely" old 
asphalt, a special technique that makes 
use of the collagen of the bones was 
used to obtain a valid analysis. In the 
collagen method, the bone is washed 
thoroughly in petroleum ether, ground 
to powder, and dried in air. The cal- 
cium carbonate is removed by acidifica- 
tion, since the carbonate ion in ground- 
water can be exchanged with it and 
produce spurious results. The bone is 
then hydrolyzed in strong hydrochloric 
acid and refluxed overnight to obtain 
the amino acids in concentrated solu- 
tion. The solution is passed through a 
chromatographic column packed with 
Dowex resin, which retains the amino 
acids. The column is washed to remove 
impurities, and the amino acids are 
then displaced with ammonia. The 
amino acids are burned to carbon diox- 
ide, which is purified to eliminate im- 
purities that might interfere with the 
counting. The carbon dioxide derived 
from the amino acids is then placed in 
the counter and measured. Gas chro- 
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matography is used to detect any hy- 
drocarbons that might have slipped 
through. For greater precision, where 
sufficient sample is available, certain 
amino acids that occur only in bone, 
such as hydroxyproline, can be iso- 
lated chromatographically and used for 
analysis. 

The collagen analysis was checked 
out on a quasi-mummified skeleton 
found in association with a bark mat 
in Nevada. The mat, the bone, the skin, 
and the hair were dated by conven- 
tional radiocarbon methods and were 
compared with the collagen procedure; 
the results were the same. The validity 
of dating of the La Brea fossils was 
further established by obtaining a radio- 
carbon date on wood fragments found 
in the tar pits; a comparison of fossil 
and wood gave very similar results. 

The collagen method described gave 
an age of 9000 + 100 years for the La 
Brea skeleton. 

Further research along these lines 
has the following objectives: (i) find and 
date bones of little-known animal spe- 
cies; (ii) find how individual animal 
species change in their evolution over 
a span of 40,000 years; and (iii) look 
for other human bones or carbonaceous 
artifacts for additional dating studies. 

G. H. Curtis (Department of Geol- 
ogy, University of California, Berkeley) 
reported that specimens of volcanic 
rock collected in 1969 at the principal 
hominid sites in Java (namely, Sangiran, 
Trinil, Ngandong, Ngawi, Jodjokerto, 
and Boetak) are now being dated at 
Berkeley. Owing to contaminants, main- 
ly carbonate and zeolite which con- 
tribute large quantities of air, it has 
been difficult to obtain meaningful 
dates from most samples up to this 
time, but a fair date of 1.9 + 0.4 mil- 
lion years for a tuff underlying the site 
of a mandibular fragment of Megan- 
thropus can be reported. The Megan- 
thropus fragments was found by P. 
Marks in 1952 in Djetis beds of conti- 
nental origin near Modjokerto. Although 
the pumice tuff lies several meters below 
the hominid site, the site itself lies at 
least 400 m below late Pleistocene beds, 
all of which have been folded into an 
anticline and truncated by erosion, and 
it is believed that the pumice and homi- 
nid remains are penecontemporaneous. 

The date of 1.9 million years makes 
this hominid, thought by many anthro- 
pologists to be an Australopithecine, 
contemporaneous with African hominids 
of similar evolutionary development. It 
seems reasonable to suspect that homi- 
nids were in Southeast Asia long be- 

fore Meganthropus was entombed at 
this spot in Java. 

In a discussion of lithomechanics and 
archeology, E. G. Thomsen (Depart- 
ment of Mechanical Engineering, Uni- 
versity of California, Berkeley) showed 
that engineering analysis could be ap- 
plied to archeological problems, and 
specifically to the reconstruction of 
methods for making tools and artifacts. 
The processes analyzed were the frac- 
ture of glassy materials in toolmaking, 
the use of stone flywheels in drilling, 
and the production of obsidian ear 
spools. In glassy materials, fracture sur- 
faces show a consistency in charac- 
ter-demonstrated, for instance, by the 
prismatic obsidian cores found in many 
sites. Flint, obsidian, and other non- 
crystalline materials have no preferred 
orientation, however. Engineering anal- 
ysis is able to show that, with knowl- 
edge of the fracture patterns of brittle 
materials (empirical in the case of early 
cultures), even primitive toolmakers 
could achieve the astonishing consist- 
ency of fracture patterns that has been 
observed. 

Centrally perforated stone disks found 
in the southwestern United States may 
have been used as flywheels for drills. 
If so, the string drill, the twist drill, 
or the pump drill could have been 
known in early California. 

Obsidian ear spools or plugs are 
among the most remarkable Central 
American pre-Columbian artifacts, be- 
cause of their beauty, fragility, their 
paper-thin uniform walls, and their high 
axial symmetry. A relatively simple 
scheme was suggested for their manu- 
facture: a rough, previously prepared 
and drilled core could be lapped by 
means of a self-centering mechanism, 
the principle of which may have been 
borrowed from weaving techniques that 
were well established in early antiquity. 

Thomsen closed with a plea that ap- 
pears applicable to the sense of the 
symposium: for continued and increas- 
ing exchange of the special knowledge 
developed in all disciplines. 

FRED H. STROSS 
Department of Anthropology, 
University of California, 
Berkeley 94720 

Note 

1. This symposium,, held 23 June 1970, was 
part of the 51st annual meeting of the Pa- 
cific Division of the American Association for 
the Advancement of Science, which met on 
the campus of the University of California, 
Berkeley. It was cosponsored and supported 
by the California Section of the American 
Chemical Society and the San Francisco So- 
ciety of the Archaeological Institute of 
America. 
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