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Ruo~n tlye 1racing<:un be u.w<l IO demonstrate or negare u hydrogeo/ogical connoction ~lwttn a 
roof strulu and a porous rockshPltff cu//t.,1um. Tlwse data have imporzom impHrotions for 1M dct~r­
mlnalion of soura arcaJ" for achaculogirol charN)(I/ ronlamfoation by cnal. 

lt1nooucTtoN 

Chemical and physical weathering of coal releases both 
parlkulate coal and volatiles which are dissol•·cd or su~­
pcndcd in and IF<.nsported b)' groundwater. Therefore, coal 
has tx:-en suggested as a source of contamination in radio­
carbon samples from archaeological sites (Tankersley, 1983; 
Tankersley n. of .• 1984), inparticularoneofthe apparenlly 
oldest rod:shclter siles in the F..astcrn United States (Haynes, 
1980, p. 585). Stuekcnrath (1977, p . 183) has emphasized 
thatthesamplc ooUectorshou\dinitiallyassessthepo'ISibili­
tiesandprobabilities o r radiocarbono;amp!ccontamination. 
One method to determine coal contamination is analysis of 
the isotopic coml"IOsition or the archaeological radiocarbon 
sample, 1he coal source area, and the groundwater (Cole­
man, 1976). Such isotopic studies are costly, howel-'er, and 
more importantly consume a ~iiinificant quantity of archa~­

ological carbon, which may exist only in very ~mall 
amounts. This paper describes a field method to determine 
whether or not groundwater which !1ows over or through 
coal deposits can be traced 10 archaeological dcpollits. 

S TUDY PROBLEM 

In the Eastern United States, rockshelters (or cave­
shelters) provide the archaeologist with dr) conditions 
which enhallee preservation of organic materials. Rock­
sheltcrs have always bo:cn important sites of human activity 
throughout prehistory because they provide semi-cndosed 
habitationarcas thatareprotected from the weather. Addi­
tionally, they are archaeologically important. because they 
oftencontain relativelyundisturbeds1ratig.raphy resulting 
from weathering and co\luvial deposition of the O\"Crhang· 
ing rock.~ and deposition of human origin. Rockshehct de­
velopmcnt commonly occurs at the base of cliff exp()Surcs 

along retreating Pennsyh·anian ~ands1one escarpmenu and 
strati111aphic ou1!iers. Thcseacographicareascoincidc wi1h 
bituminous coal strata and often have a common source of 
groundwater. Volatile organic matter released from the coal 
b~· the natural chemical and physical weathering proces5CS 
arc frequently dissolved in and transported by ground.,.·ater 
which recharge in porous rockshclter colluvium. l'or e:»am· 
pie, ground wa!er passing through a mined coal exposure or 
na11.1raJ outcrop can enter the porous colluviuru of a rock­
shelter through the following hydrogeologica1 proce~ses: 

l)peroolationofgroundwater throughbedrockcapi!laries 
and fractures which recharge within the rockshelter , either 
on the ceiling or walloorat thcinterfaceuf lherockshelter 
walland colluvium 

2)discharge of groundwaterabovethc rocksheher,entcrs 
thc colluvium atthe dripline.andpcrcola1es thruugh1hese 
deposits. 

3) a coal stratum in the rockshel!cr's wall acts as an 
aquifer in formation of ~prings abo\'e or within lhc ool­
]u\'ium. 

Reynolds (!966) ha.s shown that nuorescent dyes can be 
used totracepercolatio11water. Thissludyuscd lluoresccin 
dye to determine if two of the hydrogeological proccs.~es can 
be traced. The t.hirdprocesscanberecognizedby identifying 
the pelrologkalcomposition of thc rockshelter---Oyctracing 
is not necessary. Injection and detection methods are de­
scribed for tracing theseolhertwoproces.'ICS. 

i).IJ£CTI0N 

Fluore$Cein's!imirntions of photostability, pH-<:ontrollcd 
structural ~hange, and adsorptive IO!ises necessitate several 
simple precautions to be taken before dye injcc1ion. How­
e\'tr, these limita1ions do not inhibi1 nuoresccin's sui1ability 
for tracing percolation water in sand~toncs. 

Smart and Laidlaw (l\177, p. I ~) have noted that fluores­
cein has high ~isibilil~ in low solution COllCentrations but 
J)OOr stahility under sunlight . Therefore, it is nccessar~· to 



kccp the dycd surfacc watcr toaminimum. This can be ac­
complished by injecting the dye at the stream's locus of 
oomplete dis.appearance. Upland escarpment streams arc 
often imennhtem making spring the preferable 1ime of the 
year for successful dye tracing. The locus of stream dis­
appcarancc inthc spring wil!gcnerallybc:closcrtothe rock­
shelter, thus reducing thesorptive loss of lluorescein. The 
locu.\ of stream disappearance is usually associated with 
stream ponding creating an ideal injection site. 

lron su!fidc(pyrite)indusionsin bituminous coal form 
sulfuric acid in surface runoff. Fluoresccin structurally 
chang~ to a kucocompound in highly acidic streams of coal 
mining areas. Howe,·er, stream acidity decreases with its 
distance from the coal source area and t1uorcscein's struc­
tural change can be reversed in the test by an alkaline solu-
ti on. 

Simple prc..-autions against adsorpti~edyelossomosedi­

mentand bcdJ"ocksurfacelishouldbc 1akcu, althoughsand­
s1ones are poor inorganic adsorbents and fluorcsci:in is 
relatively resistant to humus adsorption (Smart and Laidlow 
1977, p. 27). It is 1ccommendcd that a minimum of IOOO ml 
offluorcsceiopow<Jer(600mcshor finer) be used fora first 
order .1tream. The fluorcscein ~hould be wrapped in a gauze 
or coarse fabric, tied, weighted with a lead fishing .,,·eight, 
and placed in the injeicLion si1c. The fabri<: helps prc\·em im­
mediate organic adsorp1ion (keeps the fluoresccin clean), 
provides a "time release" mcch~sm, and the great volume 
offluorcscein guards againstcompleteadsorptivedyeloss 
during percolation. 

Dl:JICTION 

The rate of percolation volume per time : space 1•arics 
from locus to locus making activated charcoal adsorption 
traps necessary. Approximatcly 50gnfactiva1edcharcnal (a 
double handful) contained in a fincly-mtlihed nylon fabric 
(nylon ~tocking) is perfectly suited fur the recovery of dyed 
r~harge water in porous rcx:kshdter colluvium. The nylon 
fabricis resistaot to short-term decayand preventsaninilial 
physkalmixingofthecharcoalwiLh thesand,silt ,andclay 
of the collu1·ium. Suitable places for recovery traps incol­
luvial deposits may be damp spots along the dripline, near 
the rocl>shelter wall. and in areas near springs. At all locales 
the charcoal adsorption traps should be placed in the col­
luvium ma depth which permits the surface area of the 
charcoal to be completely expo>ed to percolation water. U 
scveralputentialcontamination tocales cxistwithinthc rock­
shdtcr, all loculesshould bc tcsled in order toas~essandre­

cunm uct the hydrogeological processes which affect 
an;hat:nlogical carbon. 

Adsorbed lluoreS<:ein dyccan be retrie1·edfromthechar­
eoal with 11 standard <1lkaline solution of lOOJ• potassium hy­
droxide ;rnd ethanol. An au:eptable percolation time will be 
dcpcndcm upon 1he distance between the injection and 
detection sites and the relative abuodanceuf eapillaries and 
fr<1cture.s int.hebedrcx:k.After the trap hasbeenremuvcd 
from thcco!luviumche charcoal shoul.Jbeplaccd on apiece 
or filter paper at the bottom portion or a petri dish (9 cm in 
diameter). The alkaline solution can then be poured into 1he 
pctridishdampening thefilterpaperand re\easing thead­
sorbcdtluorcsceindyefrnmthc charcoal,if ilisprescm.lf 
thecmm:nlrationofOuore.,ceinistoolowtobcdeLectedin 
~·isibk light, then a portable ultraviolet lamp can be used to 
excitethedye. Fluorometricanalysisis no1 nect$Sary since 
thenalureof thisexperimentistodemonstratetheprescnce 
or abscnceoftlunresceinintherechargewatcrestablishinga 
groundwater connection bc:1wcen a coal outcrop and rock­
shclter 1:ulluvium. 

Coal volatiles in groundwater rcpresenl a polcntia! radio­
carbon contaminilm of archaeological charcoal in rock­
shehers in the Eastern Uni ted States. ArchaeolOJ!hts ha,·e a 
responsibility to recognize the hydrogeological processes 
1hat can transport radiocarbon comaminanls IO a .;harcoal 
sample. fluoresccindyc tracingprovides aneffcclive means 
of demonstrating whether or not there is contact between 
groundwater in coalsourceareasandrockshelterdeposits. 
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