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Ways of Life Ways of Life 

What do we know about possible dif- 
ferences in the ways of life of these 
several groups within the Mousterian? 
As yet, very little. Until recently, little 
attention has been given, in excavating, 
to such matters as the horizontal distri- 
bution of tool types in a shelter. Modern 
excavations, in France and elsewhere, 
are not yet numerous enough to give 
any clear answers. In any case, to ob- 
tain such information is no easy task. 
Mousterian layers are usually very rich 
and contain a great mixture of broken 
bones, tools, chips, and flakes, together 
with congelifracts, pebbles, ashes, and 
sometimes charcoal. Even the most 
careful excavation will not always re- 
veal, for instance, whether some beauti- 
ful scrapers in a given grid square A3 
are exactly contemporary with a hand 
axe in grid square E5. In fact, we can 
seldom achieve this degree of certainty. 
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Fig. 8. Fragments of manganese dioxide from the Mousterian-of-Acheulean-tradition 
level of Pech de l'Aze (Dordogne). (Top row, from left) unworked lump, triangular 
pencil, trapezoidal pencil, rounded pencil; (bottom row) scratched lumps. 
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Fig. 7. Cast of a posthole at Combe- 
Grenal, layer G (length of the cast, 21 
centimeters). 
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And to make distribution graphs for 

layers more than 1 or 2 centimeters 
thick would lead us exactly nowhere. 
In a thick layer, the only appropriate 
parts for such studies are the bottom 
and the top; the bottom is better if the 

layer overlies another layer that is 

compact and sterile. 
However, fireplaces can often be 

found, and rough distribution maps for 
some tools can be worked out. In Pech 
de l'Aze (cave I), for instance, we 
found that the hand axes and scrapers 
were more numerous right around the 

fireplaces. There seems to have been a 

special place outside for the making of 
hand axes, for most of the finds there 
are of flakes such as would be struck 
off in that process. In the same site, the 
lower (and richest) layer ended against 
a low stone wall, just a little outside 
the cave and the adjacent shelter. 

At Combe-Grenal we found a post- 
hole in layer G, extending down to 
layer K. A cast made of this hole shows 
quite clearly that the post must have 
been a pointed wooden shaft driven 
into the ground, and that the tip mush- 
roomed against a stone in layer K 
(Fig. 7). This shaft was perhaps one of 
a row of shafts used to support skins or 
woven branches to close the cave. 

For half a century it has been known 
that the Mousterian peoples buried at 
least some of their dead. Most of these 
burials seem to be associated with the 
Quina-type and Ferrassie-type Mous- 
terian cultures; however, some are from 
the Typical Mousterian. We also know 
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that in every Mousterian context min- 
eral color (manganese dioxide, red 
ocher) was used. Some bits have been 
scratched to make colored powder; 
others are pointed, like pencils (Fig. 
8). However, there is no cave painting 
that can be traced back to the Mous- 
terian. These colors presumably served 
for body painting. 

Some hunting habits can also be 
deduced from the animal remains in the 
layers. Thus, it seems that peoples of 
the Denticulate Mousterian favored 
horses as game. Layers from this cul- 
ture are everywhere rich in horse bones. 
At Pech de l'Aze (cave II), in the same 
geological layer and very close together, 
there are two cultural levels; one is 
Denticulate Mousterian and the other 
is Typical Mousterian. There is no in- 
dication of a long lapse of time or of 
any significant climatic change between 
the two. However, the animal remains 
from the former are mainly horse, while 
those from the latter are red deer and 
wild oxen. 

Conclusions 

All this gives a picture of life in 
Mousterian times that is rather differ- 
ent from the picture, too often given, of 
brutish half-men, crouching in caves, 
terrified and not very clever. It seems 
that Mousterian tribes may, at times, 
have numbered some 30 to 50 individ- 
uals. These people had weapons to com- 
bat cave lions and cave bears, whose 
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remains are sometimes found in the 
occupation layers. They used paints, 
were clever flint workers, and buried 
their dead. It is obvious that they did 
not lack inventive powers. 

Most of the stone tools which were 
developed in Upper Paleolithic times 
by Homo sapiens were invented by 
Mousterian or even by Acheulean 
peoples. The blade (that is, a blade 
made through a special technique of 
debitage and not the result of a flaking 
accident) goes back at least to the end 
of the Acheulean, and in some Mous- 
terian assemblages blades comprise up 
to 40 percent of the debitage. End 
scrapers and burins were known in the 
Middle Acheulean. The backed knife is 
an Acheulean invention also. But if all 

these tools already existed in the 
Acheulean, they were further developed 
and diversified in the Mousterian. Even 
the multiple tool is found in the 
Mousterian (Fig. 1, No. 8); some com- 
plex tools-for instance, a burin com- 
bined with an end scraper-are also 
found, but rarely. 

The peoples of the Mousterian also 
experimented with bone tools, but there 
they fall very short of the achievements 
of men in the Upper Paleolithic. They 
never did more than make some bone 
spear points, and in the main they used 
only bone splinters, shaping them 
crudely. But in this respect the first 
people of the Upper Paleolithic (Peri- 
gordian I) appear not to have done 
much better. 

To conclude, it does not seem that, 
culturally at least, there is any great 
gap between the Mousterian cultures 
and the early Upper Paleolithic cultures 
that followed. One of the latter, at least, 
has its roots quite clearly in the Mous- 
terian of Acheulean tradition. And even 
if some anthropologists deny to Ne- 
anderthal man (sensu stricto) the right 
to be counted among our direct ances- 
tors, one thing is sure: these ancestors 
of ours were at a cultural level very 
like that of the Mousterian peoples. So 
we come uncomfortably close to the 
old joke: It was not William Shake- 
speare who wrote Hamlet but another 
man who lived at the same time and 
whose name was also William Shake- 
speare! 

CURRENT PROBLEMS IN RESEARCH 

Stellar Content of Galaxies 

Two parameters which describe the stars that make up 

any galaxy are age and chemical composition. 

Halton Arp 

In order to understand how a 
galaxy is formed, how it evolves, and 
how different kinds of galaxies are 
related to each other, it is necessary 
to understand the kind of stars a 
galaxy contains. An important impetus 
to the understanding of the relation 
of the galaxy to the stars which it 
contains came in 1944 when Baade 
originated the concept of population 
types. According to his original defini- 
tion, a type II population consists of 
stars which have the same Hertzsprung- 
Russell diagram as globular cluster 
stars, and population-I stars have a 
color-magnitude diagram like stars in 

The author is assistant astronomer at Mt. Wil- 
son and Palomar observatories, Carnegie Institu- 
tion of Washingon, California Institute of Tech- 
nology, Pasadena. This article is the Helen B. 
Warner lecture delivered 29 December 1960 at 
the New York meeting of the AAAS. 
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spiral arms, in galactic clusters, and 
in the neighborhood of the sun. It was 
quickly realized that population I 
contains the highly luminous, and 
therefore young, stars, while popula- 
tion II is an old population. 

In the following years galaxies 
were widely analyzed in terms of the 
relative number of old and young stars 
they contained, and the designation 
of population type became common in 
astronomical literature. Inevitably this 
terminology has been modified and 
extended. The new results, which are 
just now becoming available, intro- 
duce new concepts, reflect our in- 
creased knowledge of the kinds of 
stars galaxies contain, and begin to 
offer us further insight into the rela- 
tionships between different kinds of 
galaxies as well. 

Our Own Galaxy 

Advent of the parameter of chem- 
ical composition. It became possible 
to derive an age for a cluster of stars 
by observing in the color-magnitude 
diagram the absolute magnitude at 
which the main sequence broke away 
to evolve more rapidly (1). Systematic 
observations of clusters of stars led 
finally to the discovery of a globular 
cluster, M 3 (2), and a galactic clus- 
ter, M 67 (3), in which the observed 
main sequences both terminated at the 
same absolute magnitude. Presumably 
they were of the same age, but, by 
definition, they belonged to different 
populations. The contradiction would 
only be resolved by attributing the 
conspicuous differences between their 
color-magnitude diagrams to differ- 
ences in the chemical composition of 
the stars in the two clusters. That such 
differences exist was borne out by an 
examination of the spectra (4). From 
this point forward astronomers began 
to talk less about populations I and 
II and more about the twin parameters 
of age and chemical composition. It 
also became apparent that subdwarfs 
were associated with the halo regions 
in which the globular clusters resided 
(5). It was shown that the subdwarfs, 
like the globular-cluster giants, were 
extremely metal-poor (6). It was 
obvious now that not only were 
the globular-cluster stars metal-poor 
throughout but that the main sequence 
to which they should be fitted was the 
subdwarf main sequence. 
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Revising the calculated ages of the 
clusters. Sandage and Eggen (7) 
showed that when differential line 

blanketing was taken into account, the 
subdwarfs turned out to have lower 
effective temperatures (Te) than had 
been previously indicated by using the 
color index, effective temperature 
(B-V, log Te) relation for metal-rich 
stars. In computing the age of globular 
clusters in the bolemetric magnitude 
(mbol), log T, diagram, this resulted 
in termination of the globular-cluster 
main sequences at fainter luminosities 
and increased the derived ages. The 
most recent evolutionary calculations, 
by Haselgrove and Hoyle (8), de- 
creased the importance of the carbon 
cycle and lengthened the evolutionary 
ages. Also, these calculations indicate 
that at a given luminosity the popula- 
tion-I stars are less massive and will 
therefore evolve faster. On the ob- 
servational side, very careful work by 
Baum, Hiltner, Johnson, and Sandage 
on M 13, and by me on M 5, has 
yielded very accurate faint main se- 
quences in these globular clusters. 
Sandage (9) has combined the new 
blanketing corrections, the new obser- 
vations on the globular-cluster main 
sequence, and the recent calculations 
of Hazelgrove and Hoyle. He derives 
22 X 10 years as the age of M 13. 
The age of M 5 turns out to be about 
26 X 109 years (10). The age of M 67 
is only about 9 x 109 years on this new 
fit, and even the very old galactic 
cluster NGC 188 (9, 11) is only 
16 X 109 years old. It should be em- 
phasized that all these globular clusters 
are now believed to be older because 
of (i) the loWer effective temperatures 
which differential line blanketing gives 
the subdwarfs, and (ii) the higher mass 
which the globular-cluster stars have 
at the same luminosity. 

Chemical composition as a function 
of date of formation. It is now possible, 
in the light of this most recent work, 
to plot out on a time scale the most 
accurately known ages of aggregates 
of stars in our own Galaxy. The top 
scale in Fig. 1 shows the ages of the. 
clusters which have now been accu- 
rately dated. 

Wallerstein and Carlson (12) pub- 
lished the calibration between the 
metal-hydrogen ratio (M/H) and the 
excess ultraviolet radiation for sub- 
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on the main sequence. As a result, all 
the clusters may be plotted at their 

respective ages against their approxi- 
mate M/H value. This is shown at 
the bottom of Fig. 1. 

Thus, the first important point has 
been established: On the average, the 
oldest clusters are the most metal- 

poor, and in general, the younger a 
cluster is, the more metal-rich it is. 
This is in encouraging agreement with 
the simplifying theory that stars orig- 
inally were formed out of pure hydro- 
gen and that the metals are built in 
the interiors of stars and spread to 
the interstellar medium. From this 

theory we would expect only recently 
formed stars to have been formed out 
of an interstellar medium appreciably 
enriched with metals. 

Chemical composition as a function 
of position in the galaxy. There is con- 
siderable scatter from the curve in 

Fig. 1. Although there is a good deal 
of uncertainty about some of the 
estimates, we can show that at least 
some of this scatter is real. For exam- 

ple, regardless of the uncertainties in 
the absolute age, the recent observa- 
tional work on M 13 and M 5 leaves 
no doubt that M 5 is the older cluster. 
The appearance of the spectra and 
the ultraviolet excess show definitely 
that M 5 is also more metal-rich than 
M 13. It is evident, therefore, that 
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there is no exact relationship between 
the youth of a cluster and the degree 
of metal-richness-only the general re- 

lationship just outlined. This is very 
important because it again establishes 
the fact that age alone is not an ade- 

quate parameter for distinguishing 
kinds of stars. We conclude that stars 
formed in different parts of the galaxy 
at the same time must have been, in 
some cases, of different chemical com- 

position. We suggest that the stratifica- 
tion is a function of halo-disk distance 
or z coordinate, because the metal- 
rich dust out of which stars are pres- 
ently being formed in our Galaxy is 
concentrated in the plane. 

The nuclear globular clusters. There 
is one class of objects which we have 
not yet discussed, and that is the im- 

portant group of globular clusters ly- 
ing toward the nucleus of our own 

Galaxy. It had been hoped that we 
would find these clusters to be the 
transition cases between the classical 

globular cluster and the old galactic 
clusters. Morgan (13) shows that the 

spectra of these clusters are always 
richer in metals than the spectra of 
the usual high-latitude globular cus- 
ters. Because these clusters are located 
in the rich galactic center, however, 
they are obscured by dust and crowded 

by adjoining star images. Consequently 
only the bright regions of their color- 

there is no exact relationship between 
the youth of a cluster and the degree 
of metal-richness-only the general re- 

lationship just outlined. This is very 
important because it again establishes 
the fact that age alone is not an ade- 

quate parameter for distinguishing 
kinds of stars. We conclude that stars 
formed in different parts of the galaxy 
at the same time must have been, in 
some cases, of different chemical com- 

position. We suggest that the stratifica- 
tion is a function of halo-disk distance 
or z coordinate, because the metal- 
rich dust out of which stars are pres- 
ently being formed in our Galaxy is 
concentrated in the plane. 

The nuclear globular clusters. There 
is one class of objects which we have 
not yet discussed, and that is the im- 

portant group of globular clusters ly- 
ing toward the nucleus of our own 

Galaxy. It had been hoped that we 
would find these clusters to be the 
transition cases between the classical 

globular cluster and the old galactic 
clusters. Morgan (13) shows that the 

spectra of these clusters are always 
richer in metals than the spectra of 
the usual high-latitude globular cus- 
ters. Because these clusters are located 
in the rich galactic center, however, 
they are obscured by dust and crowded 

by adjoining star images. Consequently 
only the bright regions of their color- 

AGE X 10* YRS. 

20 15 
i 1~~~~~~ 

AGE X 10* YRS. 

20 15 
i 1~~~~~~ 

I 
m 13 

I 
m 13 PIGC 18G PIGC 18G 

10 s 
I I- 

10 s 
I I- 

M 6T M 6T 

0 
1 
0 
1 

Y I I 
SUN HYAOES 

PLEIAOES' 

Y I I 
SUN HYAOES 

PLEIAOES' 

h and X PER h and X PER 

-2.0 \ 
\ 

-2.0 \ 
\ 

1o0 ["/H 1o0 ["/H 
RELATIVE M/i RELATIVE M/i 

\ ,o 

"-'0' ........-0-- 
Bacro 

\ ,o 

"-'0' ........-0-- 
Bacro 

0 1 5 0 1 5 10 10 IS IS 20 20 26 26 

TIME OF FORMATION X 109 YRS. 

Fig. 1. (Top) Ages of star clusters which are most accurately known at present. 
(Bottom) The metal-to-hydrogen ratio, relative to that in the sun, as a function of 
the time at which the star clusters formed. 
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