
the examination of human serum have 
indicated the presence of complement-
fixing antibodies of significant level in 
some cases. In a group of 20 samples of 
normal individuals taken at random, 35 
percent showed the presence of anti-
bodies. I n  a group of 35 samples from 
patients with nonbacterial respiratory dis- 
ease, the reaction level was 3 percent. In  
similar examination of 63 canine samples, 
where the reaction rate would be expected 
to be higher, a positive percentage of 45 
was obtained. 

There is no doubt that serologic meth- 
ods for identification of Carrt's virus an- 
tibodies require further improvement. An 
antigen giving specific reactions in 
greater serum dilution would be very ad- 
vantageous. Perhaps more highly purified 
preparations would be more efficient. 
Adaptation of the virus to tissue culture 
may help solve some of these problems. 
With the realization of probable public 
health significance of the virus, the need 
for further immunologic and serologic 
studies is reemphasized. 

Table 1. Chemical analysis of ores found in the Timnah acropolis (percentage of original 
sample). XD, not detected; P, Ti, HC1-soluble S, SOr, and water-soluble C1 were not 
detected in any of the ores. 

-

So.  C.uO Mni) Fe2O:i Also3 CaO MsO 

Table 2. Some chemical data on concretionary copper ores containing chalcocite (per-
centage of original sample). 

Loss at 
SiOe C0 s  C1 1000°C 

or worn in the rock or by a talus slope 
froin the south, by the side of a sand-
filled cave nol\. concealed by boulders 
and poorly accesbible. The acropolis was 
visited by us five times in 1954-55. Col- 
lections of suitable materials were made 
for subsequent studies, and the largest 
slag heap was excavated in two places, to 
the sandstone floor of the hilltop. 

Three types of materials were espe-
cially interesting in the earlier explora- 
tion: ( i )  fragments of copper ore on the 
surface of the ground and in the heaps, 
all of a uniform size but of five different 
kinds, morphologically; ( i i )  fragments of 
slag of two different kinds but of a 
rather small and uniform size, in contrast 
with other slag heaps in the area; and 
(iii) the out-of-place materials (6), no-
tably fragments and masses of red sand- 
stone and conglomerate containing small 
amounts of gold, as well as some other 
kinds of materials, including large crys- 
tals of calcite the sources of which are 
still undiscovered. 

Fragments of the copper ores found 
in the acropolis were groupecl into five 
categories, on the basis of their appear- 
ance and of the associated rock. The 
chemical analysis ( 7 )  of these ores is 
given in 'Table 1. 

Outcrops of copper ore resembling the 
five kinds found in the acropolis were 
located by us ~vithin a short distance of 
the site, after a detailed search, involv- 
ing utilization of ancient trails (along 
which sparse fragments of ores, calcite, 
and other materials were scattered), the 
normal dispersion trains, and other proq- 
pecting leads. Significantly, no chalcocite 
copper was found in the acropolis and it 
is possible that none was taken by the 
ancients of the acropolis from the out- 
crops or the wadis, despite its high cop- 
per content (Table 2)  and its fairly 
conlmon presence in some alluviums. 

J. E. PRIER and slags here reported poses more prob- 
B. S. RIGHT lems than it solves. Our success in fol- 
S. S. K~LTER 

The coinposition of the ancient ores 

Department of Mic~obiology ,  State 
University of N e w  Y o l k  Upstate Medical 
Center, Syracuse, and Bureau of 
Laboratories, City of Syracuse 
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Observations at an Ancient 
Smelting Site in Negev 

Prospecting for copper and other met- 
als in Timnah area, Negcv, is leading us 
to a closer study of some ancient mining 
and smelting sites. .4 reconstruction of 
ancient prospecting, mining, and smelt- 
ing practices may prove to be of use in 
our current exploration. The  present ad- 
vance note ( I )  deals with some of our 
findings at a smelting acropolis ( 2 )  in 
the central part of Wadi Timnah (Me-
neiyeb Urn Adak). A more detailed ac- 
count is to be submitted elsec\here for 
publication ( 3 ) .  
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lowing the ancient trails to the apparent 
sources of the ores found in the acropo- 
lis is in need of further evaluation. The  
quality of ancient slags and their remark- 
ably high melting ranges ( 4 )  need to be 
reconciled with current views of ancient 
metallurgy. Finally, the out-of-place ma-
terials, other than artifacts, found in the 
acropolis cannot be accounted for in the 
present state of our knowledge. How-
ever, a preliminary report is not devoid 
of interest, in view of the cultural-his- 
torical importance of the area and the 
insufficient y of contemporary archeolog- 
ical kno~vledge. 

rotwithstanding the opinion of such 
scholars as Glueck (2, pp. 77-79), min-
ing in Timnah could not have been ardu- 
ous at any timc. Outcrops and tunnels 
utilized by our predecessors in mining 
required more skill than manpower in 
their discovery and development ( 5 ) .  
Stnelting of the ancicnt copper ores re-
quired far more skill than brawn, judg- 
ing by the quality of the slags and of the 
finished products. Fueis and flux mate- 
rials were procurable apparently within 
a short distance of the smelting site. The 
climate was pleasant in ~vinter and easily 
tolerable in summer, even as it is now. 
All the operations for the production 
of coppcr in the ancicnt times could be 
accomplished by a handful of laborers, 
a few skilled technicians, and the mili- 
tary guard-essential then as it is today. 

The  acropolis containing ash and slag 
heaps is situated on a flat top of an iso- 
lated hill of white sandstone in the cen- 
tral part of the wadi. The  hill is a rec- 
tangle, about 1000 by 400 feet, with 
vertical slopcs about 100 feet high abave 
the surfacc of the wadi. T h e  hill can be 
ascended by one of the two paths cut 



-- 
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Table 3. Comparison between some chemical constituents of slags and copper ores (per- rendered neoplastic by some preceding 
centage of original sample) ;cobalt and lead were not detected in the slags. mechanism. 

No. Material Cu Fe 
-- ---.-

136/55 Porous slag 1.74 35.6 
137/55 Massive slag 1.55 35.3 

through 
352/55 Copper ores 15-23 0.4-1 7 

Two kinds of black slag are found 
in the ash heaps of the acropolis, mas-
sive and porous. They are found in rela- 
tively small fragments, as a rule, in con- 
trast to the large and irregular pieces of 
slag found at the foot of the acropolib, 
within an enclosure, and elsewhere in 
the area. It is not clear whether the slag 
in the acropolis was fragmented by man 
or by the natural agencies. If it was 
fragmented by man, the purpose of the 
operation is obscure. Melting points of 
bbth kinds of slag are the same, about 
1250°C and higher-a remarkably high 
temperature. Their chemical composi-
tion is nearly the same (Table 3 ) .  

The discrepancy bettveen the manga- 
nese content of the slags and of the cop- 
per ores is significant enough to make 
one doubt any relationship between the 
two materials, to doubt possibly the very 
supposition that it was copper that was 
melted in the acropolis, unless one could 
prove that manganiferous materials were 
used in the smelting flux (8).No such 
materials were found by us there, except 
a few rounded fragments of a manga-
ncse-quartz conglomerate. Studies now in 
progress may help clarify this and other 
ploblems posed by our preliminary find- 
ings. 

Archeological-historical understanding 
of the ancient metallurgical skills is not 
possible without detailed chemical anal- 
ysis and experiments in the laboratory 
and a full accounting in the field for all 
materials in the acronolis-that is. for 
rhe sources of orei, fluxes, and the out- 
of-place rock. Our interest is not in the 
scale of the operations but in their qual- 
ity and kind, the more so since the acrop- 
olis seems to be unique among the smelt- 
ing sites of southern Ncgev in regard to 
the materials it contains and the kind of 
operations their presence implies. 

1'. P. SOKOLOFF 
A. SFROCSSI 

Machzauei Israel, Haifa 
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Mn C1 
-

P20; CaO MgO 

2.71 0.1 0.72 4.17 1.04 
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0-0.07 0.1-0.8 0.8-7.8 0.1-0.4 

sandstone protrudes all over the surface of the 
entire wadi." This is far %rom being the case. 
Outcrops of mineralized rock were not easy to 
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Cocarcinogens and 
Minimal Carcinogenic Doses 

The concept of cocarcinogenesis origi- 
nated in 1938, when it was rcported that 
a coal tar distillate, the basic fraction of 
a creosote oil, was capable of enhancing 
the activity of 3,4-benzopyrene on mice 
even though alone it did not give rise to 
tumors after skin painting or subcutane- 
ous injection ( 1 ) .Since the fraction did 
not appear to be carcinogenic, it was 
termed a "cocarcinogen." Subsequent 
studies with croton oil, croton Eesin, 
ultraviolet light, ionizing radiation, 
trauma, heat, and burns established those 
agents as experimental cocarcinogens for 
the mouse and led to arceptance of the 
term to apply to physical or chemical 
agents that are noncarcinogenic but 
t\.hich enhance the efTect of a carcinogen, 
especially when the carcinogen is weak 
or applied at too low a level to produce 
tumors (2, 3 ) .  

Recognized tumor - inducing agents 
also have been used experimentally as 
cocarcinogens on the assumption that 
they were applied at so-called "mini-
mal" or "subminimal" levels. I t  was sup- 
posed that they could not both "initiate" 
and "promote" neoplastic changes at low 
dosages in normal cells; their action was 
intrrpreted to be only that of "promot- 
ing" the growth potential of cells already 

With the recent demonstrations that 
almost all heretofore identified cocarcin- 
ogens are capable of both initiating a n 8  
promoting the growth of tumors ( 4 ) , it 
would appear that, with the possible ex- 
c e ~ t i o n  of trauma. what have been 
ternled cocarcinogens are probably tu-
mor-inducing agents tested under condi- 
tions that did not disclose their potency 
as tumor initiators. It  appears timely 
therefore to question what is meant by 
"'minimal," "subminimal," "initiating," 
and "promoting" doses when a known 
tumor-inducing agent is involved. 

A technique frequently employed in 
experiments on cocarcinogenicity in-
volves the application of a single sub- 
minimal carcinogenic stimulus to a se-
lected site of the experimental animal to 
initiate a neoplastic change; this is fol- 
lowed by repeated applications of a co- 
carcinogen to promote the development 
of a grossly visible tumor frorri the ini- 
tiated, but latent neoplastic cells. An 
experiment ( 5 )  to study the individual 
effects of the initiating and promoting 
dose with the carcinogen 3,4-benzopy- 
rene is illustrated in Table 1. In  that 
experiment, one group of mice received 
on the shaved interscapular skin a 0.01- 
ml drop of 1.25-percent benzopyrene in 
benzene. This provided approxirnatelv 
125 pg of the carcinogen as a single sub- 
minimal dose. To  a second group of 
mice, an estimated total of 120 ~g was 
applied as a promoting agent in a dosage 
form of approximately 1 pg of 3,4-benzo- 
pyrene in benzene three times weekly 
for 40 weeks. The absence of any inter- 
scapular tumors in thr first group is in 
sharp contrast with tumor induction in 
9 of-42 mice in the second group by the 
40th week of the experiment. Thus, de- 
pendinq on dosaqe and duration of ex-
posure, the total amount involved in a 
subminimal acute exposure was more 
than adequate for tumor induction when 
exposures involved fractions of the total 
dose administered repeatedly. These re- 
sults. obtained with a percutaneously ap- 
plied carcinogen, parallel the obscnla-
tion that repeated oral doses of CCI, 
produced hepatomas in mice, whereas 
an equal total amount given in one dosc 
did not (6 ) .  The factors of dosage and 

Table 1. Tumor induction following single 
and repeated exposures to equal amounts 
of 3,4-benzopyrene in benzene. 

3,4-Benzo-
Appli- Tumors pyrene cations after 40 

(wgper. (No.)application) wk ( 7 % )  

125 1 None 
1 120Y 20 (9/42) 

"Applied three times per week to inte~scapular 
skin of C57/B1 male mice. 
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