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Plasma extraction and AMS 14C 
dating of rock paintings 
Extraction par plas?na et datation de peintu~es rupestres pal- 
mesure d u  C14 en  spectromdt?-ie de masse par accilirateur 

Abstmd. IVr developed a plasma-chemical technique lo remove 
carbon frorn rock paintings. This extraction is followed by 
accelerator mass spectrowctnc analysis of the 14C to yield direct 
estitrrates of the ages of rocli paintings. We lrave demonstrated 
use of the technique on charcoal as well as iron and manganese 
pigmented pa in t i ng .  Unfortunately, there are no  ~ o c k  
paintings made with inorgarzic pigments that have accurately 
known ages. That  means there are n o  p r ima9  standards 
for checking the acc7cracy and validily of our technique on 
!his type of sa~nples. To compensate for this, known age 
samples (charcoal and Third International Radiocarbon 
Intercotnparison wood) were dated: these support the general 
valid it^ o/thr technique. Also supporiing llre iecirnique, the 

dates we obtained on tiunznous rock paintings a p e  in general 
with the age ranges expected based on archaeolo~cal  injerence. 
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However, a date is not convincing o n l ~  because it agrees 
with current archaeological inference, h a 1  v m i r n l i o n  awaits 
co~rfirntation by a n  independent technique. Future work will 
concenlrate on tlre removal of backgrvund organ ir 
conlatnination i n  the basal rock and mineral accretions 
associated with rock paintings. Overcoming that problem will 
remove a n  inipediment to OUT extraction techniyue routinely 
giving accurate and reliable ages. 

Keywords. Rock paintings; radiocarbon dating; accelemtor 
mass sped rometv; charcoal pigme?ils; inorganic pipnents. 

Rhsurni et conclrrsions. Nous avons diveloppi une  techniqrcr 
contbinant p~nrnia et chiinir pour exlraire le carbone des 
pe in tu r~s  rupestrts. L'extraction est suivie de I'analjse du 
CI 4 pur spectmmktrie de iaasse par accilhateur afin d'obtenir 
directelnent une  estinratiolr de l'bge des peintures. Nous avons 
dkmonlrk l'ufilisation de cefie technique sur le cltarbon de b o i ~  
ainsi  quc sur les peintures a base de pigments de fer  el de 
nranganbe. Mall~eureusei~rent, i l  n j, a pas de p e i n t u m  
riipeslres li bare d~ pigrnenls inorganiques don1 on corrnaisse 
pricisiment I'ligf. Nous n'avons donr pas de m'l5res de base 
pour v h i j e r  la pre'cision et la ualiditi de nos techniques sur ce 
type d'ichanlillons. Pour pallier cela, on a date' des 
kchatatitions d'cige ronnu (charbon de bois el bois de la 
3~ campagne in ternat ionale de nlesures i n  tercoinparles du 
radiocarbone) : la ualiditi ginirale dr 11 technique a ainsi  i t i  
rorrJirmie. Egalenrent a I'appui dr cette technique, 1e.c dates que 
nous anons obtenues pour dr non~breuses keintures rupestres 
romspondent en ggnirnl au.r Pclielles d'lige attendues grdce a u x  
diductiolrs nrchPologiques adniises. Une date 71 'est cependant 
pas ror~z~ainronte sur la ~ ~ 1 1 1 ~  bast de rettr corrrspondance. 
T O U ~ P  ~~in>ratioll sirirlrsr dipend dr sa conJrnralion pnr une  
Irclr~~iqrrr indiprndalztc Notre travail 6 ztcnir se concentrern sur 
In snj,flr~ssiorz d~ ~ O U I P  ~onfn~ni>aat io~r  organiqur d~ fond sur le 
rorlrrr T I P   bas^ ainsi  qur ~ P S  arci.itiolrs i~linir(~les assoriies au.r 

peintures rufestres. L a  solution de ce problkmc enlhern  u n  
obstacle ci notre technique d'extraction en pernleltant d~ donnn.  
des datations couranles de faron p r i c i s~  et $able. 

Les dates quc nous avons obtenues pour les peintures 
rupestres ces six d n i b r e s  anndes proztvent que notre techrriquc 
SWI appl iquk  a I 'estimation des liges carbone 14 sur des 
peintures rufiestres est capable de produirr'des risultats pre'ris ct 
jiables, mais des travaux conrplimentaires son1 nicessaires. 
Notre technique plasnia-chitnique en est encore ci son pren~ier 
stade expirimental, ~ i ta is  setnble fournir des datations pricises ci 
- + ou - 300 annies 14C pour des ichantillotis contenant plus 
de 100 nlg de carbone. Cette technique peut s'appliquer a des 
peintures rrlpestm de composb inorga~ziques 21 base 
d'lrydmxydes el d'oxydes defer et de i~langan?se, ainsi  que dr 
cl~arbon de bois. Le carbone organiq~re sur  le rocltm lui-mime PI 
les occritions rninh-ales associies aux peintures conslituenl 
encore u n  obstacle pour que notre teclinique f oun~ i s sc  
couramnier~t des datations pricises el fiables. Si  I 'on riduit  011 

suppriine C P  fond, cttte tiouvelle technique cst capable d~ 
jounzir a u x  archlologues une  in fon?ialion chronologique 
toujours plus pricise el $able. Notre travail ztn inninterrant sr 
cen trer sur  ce pr06li.tne. 4 
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The study of rock paintings - Introduction 

T h e  intrurluciinn of ;lccelerator Inass specc~-on~c .~ry  (.IkIS) 
so ]-educed thc  amount  of carbon necessan  for a 1 iC  d i ~ r r  
t h a ~  i t  hccanlc possible to estimate the age of lmck paint- 
ings. \'an clcr Mcrtrc ct nl. (19S7) \\.el-c first to  rlirccil! 14C 
da le  charcoal  pigment  from rock paintings. Others  
;tround the  ~vorld follo~ved (e.g.. klcDonald ec al. 1990: 

\ 'i~lli~cl;~s ct ill. l$l!tO: F;IIYYII ;IIICI B~l r ton  lkl92; Ge i i~  :rnd 
L~ir lvv l95l2: \ ' x I I ~ c I ~ I ~  C I  ill.  15KI2~ CIUI\CS r t  i11. 1992 X. b. 
c.. 1994: D:lvicI 1992: CI~af'fec ct 31. l!l!~i a: 1Ige1. cl ill. l!)$l4 
; I .  IOCIS). Direct il:lting oS ~.ni-k paintings. r l i o ~ l g l ~  
; I I I ~ ' I U I X ~ C ~  ; I ~ O I I I  :1 tlecade. must still hc consirlcrcrl 
rspi,~.i~tii .ntal.  T h e  amounts  ~ r f  cai-bon usuall!. estl-acrcd 
1-rrrln I-oclr painlings art. at the lor\.cr cnd of .%.\IS Inca- 
srlrcnicnt capnl~iliry: o u r  sainples are often 100 rng 01- Icss. 
comp;wed to ~ h c  ideal of'> 1 nlg. T I I ~  "olcl ~ c o o d  pi-oble~r~" 
c*ncountc~-cd n.hCn d ; ~ i i n g  ;r11!. nrchneological chal-co;il 
;~pplit.s to c1i;~rcoill pignirr~ts  as !vt.ll (Scl~iffer  1'JSG). 

I\Icrrr Frrqucncl! encounrerrd 111;111 cllarcnal in I - ~ ~ C I .  
~ x r i l ~ r i ~ ~ g s  ;Ire inorgilr~ic pigli~enw: 1.er1s. nrangcs. brntrns. 
:u~tl yrllol\,s :u.e irs~lall!. iron osides and  h!.drosides ;~ncl 
hlark is nrtcrl rilanpinese nsidcs and hydroxides (e.g. 
I-ly~n;~n er al. 1991; a ) :  LIW ino1-ganic pigments thc~nselves 
c:lnncll 1,c da ted  cIir.cctl!.. but organic binders and vchiclcs 
can. Figure 1 shotvs n polished cross-section of  ;I painting 
i'rn~n the  Lower Pecos Kiver region of south~vest  Tesas. I r  
i l lusrra~cs some o f   he problems that were anticipated 
1\.he11 we began de \ ' e lopn~ent  or o u r  technique to esrract 
rhr  organic bincler/\'ehicle assumed to have been added 
ro X I  least some i n o r p ~ n i c  paints. To accurilteIy a n d  reli- 
i~bly dare rock paintings tllc I'ollo\ring requirements mktst 
al~ply: ( 1 )  organic Iiiiirter was added to the painrs initially. 
rill ier as pigment  (c.g. charcoal) or- as bi~lder./vehiclc: 
( 2 )  enough  organic inaterial has survivecl ro yieId ade-  
quxlr  c:it.l>on l o  date: ( 3 )  organic carbon can bc  csrracted 
rrirhn~lt also removing carbon f~ orn the a~mospl ie re .  lime- 
s lnne (C:aCO:; a n d  .\.IgCOg). o r  mineral accretions (rar-  
Imt~a tes  and  osalaies) found both above and belor\l rock 
paintings: (4)  rhc extraction introduces little mass frac- 
tionation: (.5) carbon originalIy added to painrs does no t  
eschange with other- sources after paint application; and  
(61 basal rock and mineral accl-elions not  easily separated 

Fig~irc 1 .  f o l i ~ h r d  ~rrfiorr i d 0  pnirrrrd rnrrr/r/r/rrrrrr 
I 

rirr 41 1175 U r r r  p+nri/rnl I n y r r  nrr ;risiClr: 
t I !  1ir11?<1,>1rr ~ r r l ~ ~ i r n ~ r .  I.?) piprnrrrftvf  lay^ r i t ~ ~ h  

Irlnrl: mnnpnrrr..sr 11.sir1i.t nrr d h~drrrridt, l ,  otr d 
! ; I  ~ r n i n r n l b  rrrrrr r ~ i ~ ~ g  nrrrrlinrr ICBC~O., .~/~!?(I  
nrrrl l :nCOi~  brlrh ~111oi~r nnd htlrrt,~ ihr  Iriqnrnr J 
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from a pigment layer sample do not contain enough 
organic carbon (contamination) to invalidate a date. 

To accomplish the extraction of the added organic 
material from the painted rock fragment, w use low- 
temperature (-150°C) oxygen plasmas. During the early 
developmenr of our technique, we studied the following 
and none affect our ability to date rock paintings: O2 and 
4 r  sources; mass fractionation; calcium carbonate, mag- 
nesium carbonate, limestone and calcium oxalate decom- 
positions. We have now used the technique to date 
charcoal pigmenls as well as the unknown binder/vehi- 
cles from inorganic pigment layers (RUSS et al. 1990, 1992 
a, b: Chaffee et al. 1993 a, b, 1994 a, b; Ilger et al. 1995 a. 
b. 1996). We extract rvliatei~er organic material may be 
present in the paint, but we do not know the material 
being dated. 

The lack of specificity in oxidizing organic material is 
both the main advantage of our technique as well as a 
significant disadvantage. It permits us to date rock paint- 
ings presently undatable by any other technique. Mre do 
not depend upon the presence of charcoal, blood (Loy et  
al. 1990), plant fibers (Watchman and Cole 1993) or 
beeswax (Nelson et al. 1995). In only one case have we 
gathered information on the possible source of the orga- 
nic binder/vehicle used in the paints: in two samples, one 
black (manganese oxide pigment) and one red (iron 
oxide pigment) from Pecos River genre paintings. For 
these rve used DNA/phylogenetic analysis and found that 
material from an ungulate (even-toed hoofed mammals), 
probably bison or deer, was added to the paint (Reese et 
al. 1996 a, b) .  Further studies aimed at  species differenti- 
ation are on-going in our laboratory. 

Analytical Procedures 

ChenricaI pretreatment for radiocarbon datirzg 

M'e have adopted the standard NaOH treatment recom- 
mended to remove humic acids from charcoal for all our 
rock painting samples, whether the pigmeni is charcoal or 
inorganic. HCI treatmelit also suggested as standard treat- 
ment is unnecessary with our technique and may even 
present some problems for dating rock paintings when 
calcium osalate is present in the  sample (Pace 1996). 
Thus each rock painting sample is routinely treated with 
XaOH, with ulrrasonicarion for -1 hr at 50 4 5°C ; wash 
solutions are saved. We filter the solutions through 
binder-free borosilicate glass filters baked overnighi at 
-600'C to removr organic contamination. Hurnic acids 
present ~ r ~ i l l  stay in solution ancl pass through the glass 
filter, removing contamination. Plasma extractions are 
r1111 on dried filtrate matrrial. 

Plasma extraction for radiocarbon dating 

We use a radio frequency generated low-temperature 
(-150°C), low-pressure (-1 torr) oxygen-plasma, coupled 
with high vacuum techniques, to remove organic matter 
in the paint leaving the substrate rock and 
carbonate/oxalate accretions i n t a c ~  (Ilger et al. 1995; 
1996 and references therein). Plasma conditions are sim- 
ilar for a11 samples whether inorganic pigments or char- 
coal. Our early studies established the necessity for 
cleaning the plasma extraction system ~virh oxygen plas- 
mas before sample insertion to rid surfaces of adsorbed 
CO?. After a sample is loaded into the plasma chamber, 
the chamber is evacuated to -10-4 torr and then filled 63 
with 0.2 torr ultra-high purity Ar (99.999%). Lo\\, power 
Ar-plasmas are run on each sample to remove adsorbed 
C 0 2  by inelastic collision of the unreacdve, but high 
energy, Ar atoms and ions. We repeat this process until 
the amount of carbon, as Con, desorbed by the plasma is 
<I pg. This amount of carbon has a minor effect on the 
sample age because the background on a typical AMS is 
-2 to 4 pg carbon. Follo~ving the final Ar-plasma, the 
system is pumped to -10-7 torr and left pumping for 
several hours. The vacuum pumps are then closed to the 
system and the rise in pressure for an hour o r  more is 
monitored to indicate leakage into the plasma chamber. 
No significant leaks rvere found for any of tliese samples. 

When these precaurions are followed, only negligibIe 
amounts (<I pg carbon) of adsorbed C 0 2  are released 
from the system surfaces or from sample surfaces during 
plasma extraction of a rock painting saniple. After the 
vacuum integrity check, the chamber is filled with 1 torr 
ultra-high purity O2 (99.999%). The sample is then 
oxidized in a low temperature plasma. The gaseous CO? 
produced by the oxygen plasma oxidation of the organic 
material in the paints, whether charcoal o r  an unidenti 
fied organic binder/vrhicIe, is collected and i t s  pressure 
measured after  he H 2 0  produced in the plasma reaction 
is removed by freezing. The C 0 2  is then frozen at -194"C, 
sealed into a borosilicate glass finger, and sent to an AMS 
facilicy for 14C analysis o r  the organic material esrracted 
from the rock painting. 

Samples with \\?ell characterized 14C - To test the validity 
of the plasma-chemical technique. we analyzed samples of 
known 14C content. botli 14C-free aincl known age. The 
results on 14C-free samples (.4lbcrtite. I.4EA wood and 
partially coalified Axel Heiherg a.ood) drn~onsrrared that 
our technique did nor introduce significan~ adtlitio~lal 
modern carbon over the AhlS background levels (Ilger et 
al. 1995). M'e also dated chru-coal ant1 Thit-cl International 
Radiocarbon Intercon~pi~rison (71RI) Rellbst pine ( B )  
samples of previousl!. drirrtninecl 14C i t p .  Figu1.c 9 illus- 
trates the cclmpat~ison o l  oul- dr t t - r~i~i~la t ions  o n  thrsr 



knorvn-i~gc rnatrr i ;~!  .,. .-Igrccrnet~t uhsrrvect is within 
espectetl  stntistic;ll \.;lri;~li(-)r~. Trvo i~lialyses ; ~ p p e a r  i)utsicle 
- = I D  ~ ~ r ~ c e r t a i n t i c s :  rliar t ~ u n ~ b e t  of clcviant ~ i l r ~ e s  is 
espectecl because of  s~aris t ical  uncertainty alone. 
Howecer. we suspecr t11nt our first rlrter-~nination of TlRI 
rvood, 4.730 I 60 years BP. ni;l!. 11;ivc been c o n t a n ~ i ~ l a t e d  
by the  pinstic bag the sample had heen stored in. T h e  first 
sample rvns a n  external s;iniple in contact with a ptastic 

I ~ n g  for- srveriil years. Tl l r  n e s t  trvrl c l c . t c ~ ~ r t ~ i ~ ~ ; ~ t i ~ ~ i ~ ' i ,  4.530 
5 (i0 and 4,330 70 yeilrs BP. \\.ere t a k r ~ ~  f'rorii rile irilerior 
of the sample and e s l ~ i b i t  statistical overlap rvith ~ h c  
accepted age (4,303 6 (Is) years BP; Gttlliksen and SEOLL 
1993). 

These results on samples of known 14C content s ~ ~ p -  
port the general validity of [he plrisrna-chemical tech- 
nique for radiocarbon dating. 

Table 1. Site sam le numbers, 14C dates, AMS numbers and references 
for the Texns roc$ painting dates originating from our laboratory. 

Fiy rc 2. Cornpnnrorr o/ our pln~ma-ckrtriiral.4~Gl.S 
reslr its (solid ~ynrhol.~) with I4C roflrrnl prwiol~s!y 
drfrrrrrirltd a1 nrhcr Ia6orutoIirs (opm djrnboh). 
.4pemrnt  ir within thr l . ~ p ~ ~ r c ~ l  rfatistiral 
varinli~rt .  . 

Conrparairoil dr nos r ~ s ~ ~ l / a ! s  plasma-chiniiqurs 
SA1.4 /qmboles noirs) aver le rontmu de C l  J 
dtlcrn~iiii nnlmeurrmm! dans d't~elrer laborafoircr 
(symboles blanrs). C'n horr occord apparail dons in 
liinite de la t111na11on ~ l ~ l i ~ l i q u e  f l l l c i ~ d ~ ~ r .  

KAC-f (charcoal) A 
A 

KACQ (charcoal) A 
A 

KAC-3 (charcoal) A 
A 

47 W930-3-17 (charcoal) A A 
A 

r -  

3000 3500 4000 4500 5000 
Years BP 

Painting airc 

Pccos Rivcr genre 
41W75-1 (c )  

.llW576-3a(cI 
41 W5761a(c) 
.11W576-lb(c) 
4 l W30-3alc) 
41 W75-'19rl(c) 
41 W75-298 
11 W75-37Alc) 
4 1 W75-37B (c) 

41W75-37C(c) 
41 W75-37D(c) 
41W75-37E(c) 
41 W7537Flc) 
41 W7517A-1 
4 1 W75-47.4-2 
41 W75-47A-3 
41W7547A4(d) 
41 W7547A-5 
41W7547Ab(c) 
Expected age 

Radiocarbon date 
Scan BP 

3865 2 100 
3000 i 70 
3355 * 65 
4'100 2 90 
2950 + 60 
2750 + 50 
3190 + 60 
2950 r 60 
3580 GO 
3240 60 
3210 + 60 
3550 r 90 
3680 = 60 
3690 i 80 
3790 80 
3440 + 50 
2340 = 80 
3310 i 50 
3900 * 60 

Red Monochrome genre 
41 W239 
bkgd<orrccted(c) 1125 r 85bl 
Ikpected age 650-1 350 

&\IS riumbcn Rcicrenccs 

Red Linear genre 
41W162A 
bkgd-correcredlc) 1280 * 150(b) M - I  0549 
hpec t ed  age 1350-9000 

Russ er al. 1990 
Rurs ct al. 199% 
Russ er al. 199% 
Chaffee er al. 1993b 
Chaffee et al. 1993b 
Ilger et al. 1994b 
Ilger ct al. 1994b 
Ilger ct al. 1996 
Ilger e l  al. 1996 
Ilger ct al. 1996 
[Iger er al. 1996 
Ilger et al. 1994b 
llger ct al. 1994b 
Pace 1996 
Pace 1996 
Pace 1996 
Pace 1996 
Pace 1996 
Pace 1996 

llger et a!. 1995 
Turpin 1986 

Ilger cr al. 1995 
Turpin 1984 

Charcoal deer 
41W75-50 1280 + 80 CAMS29315 Hyman et al. 1996b 

Hueca Tanks 
?OG4 1180 + 80 WIS-293 14 Sutherland c t  al. 1997 
28.4 790 5 60 W S ? 3 1 6 4  Surherland et  al. 1997 
23G1 740 + 50 CAMS-29165' Sutherland et sl. 1997 
2 i F  1350 * 160 CAMS23559 ' Sutherland ct al. 1997 
12A 1250 i 60 CAMS23560 Sutherland et al. 1997 
2OK-2 1010 + 70 CAMS27228 Surherland et al. 1997 
20C 1250 5 80 CAMS-25886 Sutherland 1997 

(a)  The background uncarrcc!cd obtaincd from Ihe AhIS wy 1315 r 50 ycan BP. 
(bl Tlic background uncwrcctcd dacc obtained from the MIS wu 1280 2 45 ycan BY. 
(c)Not chemically prcacaicd 
(dl Rcjccrcd because it  lcll wcll  ouuidc the rangc of the oLhcr &re, on Pccos Rivcr gcnrc paintings 
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Texas rock paintings 

Dating - Table 1 summarizes the 14C dates we obtained on 
rock paintings in Texas. Pecos River genre rock paintings 
are the oldest in the Lower Pecos River region based on 
superposition and depiction of atlas. The figures are 
static, often larger than life-site, and polychrome: black, 
yellorv, brown, reds, ranging from brown to purple to 
orange, and in rare instances, white (Kirkland and 
Newcomb 1967: 37-80). We only sample highly degraded 
paintings. In the interests of visual illustration, figure 3, 
VI shows a photograph of a Pecos River genre rock paint- 
ing in good condition. This is not a painting we sampled. 
Dates obtained for this genre have not been corrected for 
possible background carbon contamination in the basal 
rock and mineral accretions. The spread of dates is due in 
part to the uncertainty introduced by the lack of such 
corrections. In one instance we split a sample into two ali- 
q u o t ~ ,  41W55-29.4 and -B. Aliquot-B was pretreated che- 
mically in an attempt to remove at least part of the 
contamination carbon as compared with aliquot-A which 
\+.as not pretreated. The difference in the ttvo dates 
(440 years), 4llV75-29A at 2750 years BP and -B at  
3190 years BP ,may be due to the difference in pretreat- 
ment (Ilger et al. 1994 a). 

Samples 41W75-37A-F were also from a single rock 
painting. A and B were not homogenized and give an indi- 
ca~ion of the spread that may be expected from differ- 
ences in contamination Ievels in the same rock painting. 
C and D were splits of a homogenized sample and demon- 
strate that replicate analgses yield the same resuIt for 
aliquots of the same sample (Ilger et al. 1996). An adja- 
cent sample was divided into nvo further portions: 
41\qT75-37-E and -F. For sample E, an attempt was made to 
scrape off ihe accretion to yield a 'purer' pigmenr sample. 
Sample I: was handled as usual without prior removal of 
accretion, so that the sample contained more accretion 
than sample E. The agreement in the ages for E and F 
shotcs that we were unsuccessful in enriching the pigment 
by separating the accretion, not surprising as the pigment 
and accretion layers are intermixed (see figure I ). 

The 14C dates listed in Table 1 for the fourteen rock 
painting samples of the Pecos River genre lie between 
2750 years BP and 4200 years BP, with the exception of 
41\flT75-17A-4. This date is rejected because the sample 
fumed and partially spilled from the tube in the chemical 
pretreatment step and because the date fell ~vell ouulidr 
the range of dares for other Pecos River genre painrings. 
Pace (1996) contends that dates for samples 4 lW73-  
47.4-3 and 5 were lolv due to pretl-eatmen1 ~vith HC1. 
Turpin (1990) argues, based on rough population esti- 
mates and  he relationship of population density to infor- 
mation stress, t h a ~  ages for the Pecos River genre slio~lld 
concentrare bet\\.ern :111011t 3000 to 4000 YriirS BP. 111 spite 
of rhr lack of bacLg1.ol1ncl correction. our rcsulrs gener- 
all\. f;~ll within Tul-pin's rstilnare of' 111r rspt.cterl ngr 
range. This ;\gl.c.crnc.lii sllKprsts [l1;11 rhr I~;lckgrr,und 

correction is typically a few hundreds of years or less for 
this genre. Real variation benveen the ages of the differ- 
ent  rock paintings is not unexpected. 

The 14C dates for one sample each of nvo other gen- 
res located in the  Lower Pecos River region, Red 
Monochrome and Red Linear, were corrected for back- 
ground (IIger et al. 1995). Typical examples of Red 
Monochrome and Red Linear paintings are shown in 
figures 4 and 5, VI. Red Monochrome figures are approx- 
imately life size, red static anthropomorphs and 
zoomorphs. The zoomorph in figure 4, V1 is approx- 
imately one meter long. An unpainted rock sample from 
the wall near the Red Monochrome painting yielded a 
background with enough carbon (35% of the amount of 65 
carbon in the Red Monochrome painting sample) to be 
dated. This allowed correction for the background based 
on the weights of the background and painting samples. 
The shift in age of the Red Monochrome 14C date due to 
the background carbon was from 1315 t 50 years BP 
(uncorrected) to 1125 .c 85 years BP (after correction). 
Red Linear paintings are small (<I2 cm) stick figur-es, 
often depicting motion. They are generally red, but on 
occasion black. Because the amount of background con- 
tamination carbon (9% of the Red Linear painting) was 
too small to provide an accurate 14C date, the age tvas not 
changed; rather, extremes of modern and ancient carbon 
were used to increase the standard deviarion to reflect the 
uncertainty due to contamination by the background. 
The uncorrected date was 1280 * 45 years BP with an 
increased uncertainty after correction of & 150 years. Both 
the Red Monochrome and Red Linear rock paintings 
yielded ages that are in agreement with the broad age 
ranges expected on the basis of archaeological inference. 
Red Monochrome genre rock paintings are constrained 
by the bows and arrows depicted to be more recent than 
-1350 years BP, and to be older than -650 years BP due to 
the lack of bison depictions (Turpin 1986). It is difficult 
to place temporally the Red Linear genre more accurately 
than alder than ~ e d -  hlonochrome and younger than 
Pecos River genre, i.e., between ca. 1350 and 3000 years 
BP, based on superpositions (Turpin 1984). Our date for 
the Red Linear painting overlaps within the uncertainty 
with the more rcccnt end of this range. Thus, our dates 
for three genres of rock paintings in the Lower Pecos 
region of south\vest Texas are consistent with the age 
ranges expected based on archaeological inference. 

The first charcoal pigment we saw in the Lorver Pecos 
River region were a series of a dozen $eer -12 crn long 
about 40 meters from the Pecos River paintings dated and 
listed in table I .  .$ sample, taken from ollr of these black 
charcoal deer, gave a 14C date of 1280 80 7e;n.s BP, over- 
lapping the ages of the Red Monochrome and Red Linear 
paintings ~vc dated. .At I-Ineco Tanks h'a1ion:ll Histol-ic 
Park. Texas, all the paintings wr dated were charcoal. 
I-llicco Tanks rock pnitltings are collsic1t.red to be 01' the 
Jvrnncla h.Iogollot~ gcnrt .  rhnugllt r o  I ~ n \ . t .  bcrii pi~in~erl  



after approsinlately .\.D. 1050. or 900 years BP 
(Schaaislna 1989:197). Figure 6 is a photograph of ii 

recurring go~;glcci-e!rd motir. .About half of' our Hueco 
Tanks rock painring dares are earlier than YO0 !,ears BP. 
Dates on chiircoal pigments arc more reliable than thaw 
on inorganic pigmented samples because rhe prucetlurc 
for dating charcoal is well established. Because tlic Hueco 
T i i n b  samples co~lsisied of charcoal piglncnrs and \\,ere 
treated r\*ilh sodium hydroside to remove conramination 
as is clone for all archacnlogical charcoal 14C dates, we 
concludc man?. of thc rock paintings a i  Hueco Tanks rverr 
painied earlier than was previously gel~erally rhoughr. 

Dates outside Texas 

Table 2 contains our 14C dates on samples from ouuide 
Tesas. The -411 Amrrican Man is a shield figure approsi- 
mateIy one meter taIl (figure 7. MI) painred in an alcove 

containing rernaii .~~ oi' a lare Xnasazi srructure (sire 
4lS.490615. U ~ a h ) .  Our I-esults on a sample of the rock 
painting. ti6 5 46 years BP. arc consisrenr wit11 the drchae- 
ological contest of a lare Anasazi habitation and srorage 
sirurturr (Chaffer ct al.  1994ii). The date of tlljs painting 
is also consistent 1r.ir11 a number of daies from nearby 
-4nasazi sites that range from 5-40 to 800 years BP (tabu- 
jalecl in Cllaflee et al. 1994a). TIlc superpositioning of 
I ~ T O  painw allo\ss a ~.elariive c i i r o n o l o ~  of a sock painling 
pancl in Red Cliffs, Arizona (figure S. MI). Ilhitish clay 
pieces were applied over a black-pigmented figure. 
Unfortunarely. superpositioning gives na indication how 
nii~ch inore recently the cla! docs were added. Our results 
indicate that the clay dots were added about 500 ycars 
after rhr black motif rvas painted 1080 c 100 14C years 
ago. -4 red rock painting in Montana. 2481-130-la, dated a t  
850 + 9 6 / 4 3  (Chaffee et a]. 1994 b) ,  is located near a site 
~ h a i  has nvo stratified layers \r.irh cul~u~-al  remains that 
have been dated aK 850 -c 30 and 1270 i 123 years BP. Our 
date overlaps the younger o i  those uvo dales. 

Table 2. Sites ,  14C dntes, AMS numbers nnd r c f c r c n c e s  f o r  t h e  s a m p l e s  
of rock paintings from ouiside of Texas w e  dated. 

F i ~ ~ ] r c  6. Plrnlnpi~plr r q  n I-lurrs Tilrrk~ blncb 
~d vl~,;~r/?p~inup T I I ~ J I ~ J  T/W u / ~ / ~ r r j p ~ r r  i~ 

Painling sires Radiocarbon Xh(S numbers Rcfcrcncc. 
n/~/~rorimolrf,j onrho[/ mrlrr fall 

dart, y c m  BI' 

Harm Trrn/:,s nnir ri ,~roli/ bbnr  jr~unr. 1.o j i p ~ r ~  ..l&rrn 

~uphirul-r  nit1 urr r~rirrirorr SO rar dc haul. Rcd Cliffs h 4 W M f - 2 8 7 - a  1080 $ 10O(a) CAhlS1940A Lorndnrf rr a]. 1996 
Rcd ClZs .4r-03QM&267-h 550 -C 1001~1 CAMS-1940; toendorf ct aI. 19116 

Cali/mrrin 
F c m  Cavc. La-J Brds, rlk-?-a 840 -C 70 Ch4JS-27229 t\rmiugc cr al. I997 
Fcrn Cavc. Lax Brdq. rlL1-b 230 = 70 C.UlS27860 .4nniwgc cr d. 1997 
Fcni t v c .  Bcds. dl;-2-c 330 z 30 W l M 7 8 G l  Armitage et al. 1997 

hlonlana 
24BI-150-la 
Expccrcd agc 

840+95/52(bl : ~ ~ - 8 8 4 3  Chaffcc rl a1.1994h 
850 i 40(11) Lacndorf and Pomclrc 1985 

LIlrrh 
~ISrZlGlCIs, Emh. LISA 750 2 GO M-8359 ChafIcc cr a1. 1994n 
4?SAlGld-Ib. Ut;lh. USA 575 = 70. A44961 ChdTee er d. 1Y94n 
Expccrcd agc 650-95U Chandler 1990 

.4 npln 
hlucubd la  
hlunibi~l Ih  
hlucubd 1c 

5490 = 50 Ck\f51199.1 Ilgcr rr al. 1993 
ISRO = 100 Ck4IS10891 llgcr rr al. 1995 
1900 k 613 CL\,lS11325 Ilgcr cr nl. 1995 

Fratrcr 
Lc Ponrl, Ni;tus n-pc l~cirsc 12180 1?3rr! AA-9.165 llgcr cr d. 1991~1 
LC Porrrl. largc linnv 11600 = 150lc1 AA-9766 llgcr cr al. 19Wa 
Snntimarrc. Bisoli 9545 3 80 rl-1-9765 Cl~afIcc cr a]. 19SBa 
Gupy. ]naif1 s;rnctuan 10710 =6301~)  C.L\IW-IIfl llgcr CI al. 199Jc 
Bcrlcil~iac, hirhrornc Irnrsc 7290 = 3.10Ici ~ \ 1 S 3 9 1 9  llgcr ci al. 199+lc 
Bcdcillrac, bison de divcnieulc IlG?O k ~~~~~r C.tXlS'OYGGn llger e l  al. 1994c 

( a ,  Thc oldcr Kcd CliIi5 snniplc nTu a blarL p ip~cn l  (1080 ycnrs BPI rh;lt HZ* o!.crlrin by n rr.lriu5h picrc or 
c B y  (5511 yrars HI'). 

(b) A diElercnt r i ~ r  nrar 111r rr~ck pain~inc l~nd bccn cxcnr?~rd and vicldcd 1k.o I4C darer: 8511 = 50 and 1270 
= 125 ! r a n  UP. Our darr is in cucl  agrcrrncnr r..irh the younger oilllrsc nen dntcr. 

( < I  Our prt,jccr ICI dittr L ~ I C  Frcnr I i . :S]~a~~isl~ snnlplr~ hw inlct>drd IU scu 11oti s111nlt a sa111pIe 01 charcnal 
pi~mcnc could bc dnrrrl. Errrpi for rhr 1.r Pnrlcl sampler, rherr r.ir1dr.d vm.sm;lll zmorrntl, of carbon, 
uflrn < 50 RIG. IIUXVS c 73 mg. 

---  



F i ~ u r c  9. 71, rrrrk nrf / rarr~ l  nr Fmira C r r : ~ .  LIII~II 
Ijrvir .\'nfronnl . \ lonu~~rrr i l .  C~~!r j , rnrrr ,  rhun.ing fha. 

t h r t v j g u r r ~  dnt~11: fuw rirt-1~s 1111tf (I c r < t r * ~ ~ f .  (I ~ . I I I I ~ -  

11t11611 !nlirct flfnr ir ~rrgg~~slcrl I I ~  11 rr<<tr-diif~r O ~ ~ I I J C ~  

105-1 .4. D. r r r / ~ r n l u r ~ a  i:vplrrj~i,~r r Srrrrrd~ o rld 

\ I ~ i l / ; < r r n ~ u r ~  lc / iS l l .  7 7 ~  u.uI,, 1.r 111 (811 l , i 1 1 ~ ,  

Lr ~ I I I I I I ~ O V  rlrpfrtn. rlr. F r r l ~  L'CIVV. 1,rr1,1r i3vrh 
.\'flti11rrfl1 . I IOIJ rinirrif, C ~ ! l @ r r ~ r ~ ,  ~ I I I J ~ ! I ~ I [  l f ~ 1  1r11ii 

~igr1rr.s 71~1 ( I I I ~  i l t  r!nlir> : deux crrclts ft  1111 

r ~ u r ~ n  111, ~ t n i ~ g t  ~ , I I I I ~ I I I ~ ~  $11qg,:raf11 10 
re /~rest . r i t (~f~t~r~ if,, 1 > X J I / ~ I I ~ O I I  ( 1 ~  111 ,s~t /~rrr~ur ,n  t.n 

1 0 - 1  urf.JC rBrn~lr l l  n ~ r d  I l i ' l l inauor~ 187?r. 

Er / f t l l r  : 1 0  CIII rlc ~ # l l g I l P l r ~  

Over twenty American painted and c a r v d  rock panels 
with a circle or srar-like symbol and a crescent in pr-osi- 
m i v  have been suggested as depictions of the 1U54 X.D. 
supernova that resuIted in thc Cnb Nebula. One, sugges- 
ted by Brapdt and Williamson (1'359), is a rock painting 
panel in Fern Cave. Lata Beds National hlonunient. 
California (figure 9 ) .  However. a direct date of thc 
painr-ings o r  canrings is the only \\fa!f to judge tvhether the 
103-4 -4. D. supernova is being portrayed. 1% dated three 
sam-ples from the Fern C3t.e panel (.irmitage er al. 19971. 
two circles and a crescent in prosimiry. 14C analysis (table 
2 )  does not pern~ir  interpretation of these inlagrs ;is ~ I I ; I I  
supernova. Skepticism is ~varrantecl for other possible 
depictions until they too can be dated to sltppotr or. elin!- 
inare their association with the supernova. 

Comparison or O I I ~  results o n  Eumpcan pnlacolithic 
paintings (Ilger et al. 1994 a, c )  with the dates obtained I)!. 
Clotres. \'alladas and co-workers (Cloties et al. 1999 a ,  b. 
c. 1994: Valladas et  nl. 1'3130. 1992) is difficitlr. in part 
because w are not sampling thc same paintings. Our col- 
laboration r v i t l ~  XIichel .CIenu (Rese;trch Laboi~atory of tile 
Sluseulns of Franct.. Lnuvr.e, Paris) was an attempt tc.1 

cle~erlni~le if reliahlu resulrs ct~uld be obrninrcl on very 
sniall samples. Esccpt for chr ovo Lr Portel saniplcs. 11o11r 
of our palaeolithic rock painting samples produced nlorr 
r l ~ n l ~  7.5 nig of carbon; rhl-er proclucrcl less than .5O Ing. 
The dateable carbon s:rn~ples reported by Valladas ct al. 
(1992) were 3 to 100 times larger than the dateable car- 
bon estractrcl f m n ~  our palaeolithic painting s:lml)lrs; 
Clottes er al. (1'39'1 n, b. c)  did not report chc weights of 
the darrablc c a r l ) o ~ ~ .  The dilrercnces brt\\-rrri our- dairs 
and those of the French ~vorkcl.s is clue to the s111a1l sizr nl' 

our s;in~ples. Because our sarnplrs were so small. we clid 
noi attemp[ c l~en~ical  prer~.eatmttnt. f e n i n ~  si~nlplr Ins .  
Resulis o f  \'nllada!i et  al. (19'32) i~~ciicatc tlmt such prc- 
rrcatmcnr may not br in l j~o~. t ; i~~t  Lor t i lcs~'  1)a1;1~0lithic 

samples, because KaOH fractions yielded ages within a 
few h ~ ~ n d r e d  !,ears oP t l~e  charcoal. The smaIlest sample or  
carbon we dated (-15 mg) came fro111 Cargas, a black neg- 
ative hand in the main sanctuary # 1. If we assume thar 
our Cargas sample i s  the age oS the Gargas hand print 
dated at  26.680 years BP by Clortcs et al. (1992 c) ,  rhen 
for a 15 mg sample of carbon. incorporation of only 
3.g mg of 1950 carbon shifts the age froin 26,680 years i3P 
to the 10.710 years BP we ob.servec1. Since t!*pical back- 
gl-ouncls at the Universir]: o l  --11-izona nncl Lawrence 
Likern~ore .%iilSs are -2 LO 4 nig carhnn (l'rom osid;ltion 
and grnpliitization as ivell as the -4h.lS background). signi- 
fic:rnt i~rrproc'en~ents in graphitization and .L\,fS back- 
gro~urds are required if rcliablu dares are to be obtaitlcd 
on samples c1OO mg. Similarly..for our other pal;~rolirhic 
samples. ciifferences in our dates froni those of the 
French may be espl;linecI by difl'erences in sample sizes. 
FVe received a samplr of ch;krcoal pigment Tsom 
SIucubal 1, O p r l c ~ ~  C;lre, .4ngola t h a ~  we split inro nvu 
portions (Ilger et nl. 1995). One portion. treated with 
sodium h~clrosiclr to renio\ee hruiiic acicls, procluccd a 
date of 2340 5 30 years BP. Duplicate analysis of the 
srcotlcl portion that was nnt pre-trented gave ;iges of' 1880 
:uld I900 I 60 ycars BP. Thcse rcsulo rliai. :IS w i ~ h  all 
nrcIiaeolr>gical charcoal dnting, i t  is nrccssiiry to s l ~ o ~ v  
clien~ically prcrrcnr charcoal pigillents to obt:~iri the rrlnsr 
t~.ust\\~ortl~!~ results. \Ye h;i\.e instit~~rrcI a N;1OI-I \$.ash as 
srandarcl pretrentnicnt of all rock painting s:~lr~plcs to be 
clated. 

Discussion 

Sis requirements for successC~il clirecc rxcliocarl~or~ elating 
r>L' rock p;iiirtiugs were listecl in the introcluctior~ nllcl cr,i l l  
Ile disc~isscd lirre in tlet;~il wirh rrg;~rcl ro our trchniqitr. 
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The first requirement is that organic matter was added to 
the paints initially and the second is that enough organic 
material has survived to yield adequate carbon to date. 
Each case must be examined individually to see whether 
measurable amounts of organic materials exist. This is a 
limitation that any technique for 14C dating rock painr- 
ings must face. Three of the four prehistoric rock paint- 
ing genres in the Lower Pecos River region of Texas 
apparently used organic binders o r  vehicles. The fourth, 
Bold Line Geometric, remains to be studied. However, in 
the Olary region of South Australia, we attempted to 

68 extract organic matter from four red and white pigment 
samples, but found no evidence for the addition of an 
organic binder/vehicle. Similarly, at  Hueco Tanks State 
Historic Park and Jaguar Cave, in far west Texas, tve found 
insignificant levels of organic matter in red, black (non- 
charcoal) and white pigmented rock paintings. 

Organic carbon can be extracted without also removing 
carbon from the atmosphere, limestone (calcium and 
magnesium carbonate), or mineral accretions (calcium 
carbonares and oxalates) found both above and below 
rock paintings. Low-temperature plasma extraction was 
chosen initially because we anticipated [hat this would be 
possible. The early stages of the development of our 
plasma estracrion technique was primarily directed 
toward showing this was true (Chaffee e t  al. 1993). 

Pecos River Genre 

Red Monochrome Genre A 
H 

Red Linear Genre a 
H 

All American Man A 
H 

I 1 , I 1 

500 1500 2500 3500 4500 

Years BP 

Figure 10.  Cf~inpnrilntr o J o t ~ r  dnfrs with ~ h r  nrr rarrgrJ b a ~ r d  oa nrrhsroiugirnl 
ittjrrnrrc. Ili a p r  u'iih fhr arrh~~rolnfirnl l~ irtjrrrrd nKr3 In n,ry inslr~ncr. Thr 
t n r r i ~ ~ l r  %>-mbolr nrr nlrr drtrrnrtr~nliorrs u~hirk  nrp lo br rumprrr~d rrrilk t h ~  rangrrd 
iihndro' bnrll >/tourn hrlnur fhrni. 

Requirement 4 

Extraction does not inrroduce significant mass fractiona- 
tion. We studied two different types of samples to demon- 
strate that significant mass fractionation is not produced 
by the plasma-chemical extraction technique. Our first 
study on charcoal found mass fractionation to be only 
0.16" masimum (Russ et  al. 1992a). In another study, 
collagen extracted from bone showed a total spread of 
mass fractionation in our technique of -1". In neither 
case was mass fractionation an important component of 
error to the 14C date. A 1" change due to mass fractiona- 
tion introduces only a 16 year error in the 14C age. 

Requirement 5 

Carbon in the organic matter originally added to the 
paint does not exchange with other sources of carbon 
after paint application. This can be ascertained only indi- 
rectly by comparing dates rve obtained using the plasma- 
chemical technique on rock paintings constrained by 
archaeological inference. Figure 10 shows our dates on 
rock paintings that were previously somewhat constrained 
by archaeological inference. In each case, our measured 
dates are in general agreement with the inferred age 
ranges. That implies that there is no large scale exchange 
of the rock painting binder/vehicle organic carbon with 
extraneous carbon from carbonates, oxalates, ground 
water and the atmosphere, although the archaeological 
constraints are too broad to permit elimination of the 
effect on finer scale. We are presently conducting experi- 
ments to determine the precise binder/vehicle used to 
prepare the paint for two Pecos River genre rock paint- 
ings (Reese et  al. 1996 a,  b).+Once the exacr nature of the 
carbonaceous matter being dated can be established, the 
strict validity of requirement (5) will be evaluated in more 
detail. The fact that dares we obtained on numerous rock 
paintings agree in general with the age ranges expected 
based on archaeological inference, also supports the 
validity of our technique. But a given date is not convinc- 
ing only because i t  agrees with current archaeological 
inference. The dates will be truly validated only when 
verified by independent means. 

Basal rock and mineral accretions associated with the 
rock painting d o  not contain enough organic carbon 
(contamination) to invalidate 3 date. Levels of organic 
contamination carbon in the rock and mineral accretions 
associared ~cirh a rock painting must be derermined in 
each case. \2'e have seen contamination ranging from nil 
to levels sucll that a nearby sample of unpainted basal 
rock is conlparable to the painted sample in organic con- 
tent. We correctecl for- background conramination in rwo 
satnples (Ilger e l  nl. 19Fl5). L'~~I'o~~tunarrly, the archaro- 
logically inferred age r;rngc.s :try roo broad t o  provide a 
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stringent test of the correction o r  of the technique in 
general. Future work in this laboratory will concentrate 
on methods for eliminating the contamination that sorne- 
times thwarts attempts to date rock paintings. 

Dorn (1995) listed ideal 14C dating conditions with which 
we concur: 1. the nature of the material to be dated is 
known (e.g., charcoal, beeswax); 2. independent tests 
have been conducted to show that the dated material 
yields reliable 14C ages; 3. the best method of sample pre- 
treatment has been established; and 4. multiple ages are 
measured, because single ages are only suggestive. 
Published rock art dating papers often omit detailed 
experimental procedures. Thus it is difficult to evaIuate 
whether laboratories are meeting Dorn's suggestions. 
Only for charcoal pigments are some investigators even 
close to satisfying these four requirements. 

In some cases, pretreatment has been omitted 
because of the small sample size. Duplicates have rarely 
been run for comparison. French teams (Clottes et al. 
1992 a, b, c; Clottes 1994) often run duplicates, with 
results usually in agreement; but, occasionaIly discrepan- 
cies are seen (e.g., Cougnac, megaceros femelle: 19.500 k 

270 vs. 25,120,,* 390 years BP (Clottes 1994)). Evin (1996) 
recently reviewed French rock painting dates in this 
journal and concluded that, although they represent "an 
undeniable advance in the study of palaeolithic art... 
Certain limitations on the application of the carbon 14 
dating method to ages of several tens of thousands of 
years mean that caution is necessary and the figures 
should not be interpreted too strictly." That call for 
caution holds true for all dates 'obtained on rock 
paintings, especially those studies where materials other 
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than charcoal and possibly beeswax (Nelson et al. 1995) 
were dated, o r  when charcoal was dated without chemical 
pretreatment. We have found that humic acids are some- 
times present in charcoal paints and that pretreatment is 
essential. 

Summary 

The dates we obtained on rock paintings during the past 
six years indicate that our p l a s m a t h e m i c a l / ~ 1 S  tech- 
nique for estimating 14C ages on rock paintings has the 
potential to produce accurate and reliable results, but 69 
more work is needed. Our plasma-chemical technique is 
still in the early experimental stages, but appears to be 
yielding dates that are accurate to perhaps -t 300 14C 
years for samples with >lo0 mg carbon. The technique is 
applicable to rock paintings that were painted with inor- 
ganic, iron- and manganese- oxides/hydroxides, as well as 
charcoal. Organic carbon in the basal rock and mineral 
accretions associated with rock paintings is still an imped- 
iment to our technique routinely giving accurate and reli- 
able ages. With this background reduced o r  removed, the 
potential exists for this new technique to provide archae- 
ologists with ever more reliable and accurate 
chronological information, Future work will focus on this 
problem. 
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