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ABSTRACT

The U/Th dating method has been applied to five archeolo-
gical sites in France. The U/Th method relies upon the coprecipi-
tation of uranium with calcium carbonate in speleothems formed in
caves, Because 23OTh forms in the calcite from the decay of 234U
a radiometric clock is begun in the newly deposited calcite. Dates
are derived from measuring the isotopic abundences of the uranium
and thorium in the calcite., For many archeological samples, pre-
roasting of the sample before analysis is necessary to improve the
yields,

Hormally, relative dates for archeological sites are de-
rived from fie comparigon of paleoclimatic interpretations determined
from sedimentological, faunal, and palynological studies of the
cave sediments with global climatic recofds. These methods have
established that the Mousterian culﬁure and Neanderthals appearred
in Europe at the beginning of the Wurm, 80 Ka BP,

Absolute dates determined for samples from Lachaise, Mont-
gaudier, Pech de 1'Aze, Abri Vaufrey, and Grotte 13, where archeo-
19gica1 or faunal material is associated stratigraphically with
speleothems sampled, have established that there were several
regional climatic phenomena experienced in southern France. These
events are dated at 80 to 120 Ka BP, interpreted to be the Riss/
Wirm interglacial, and at 38 to 50 Ka, interpreted to be the Wiirm
I/1II interstadial, Furthermore, archeological materials and

human skeletal remains associated with these sites and the spel~
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ecthems therein, have proven that the Neanderthals must have evolved
prior to 150 Ka BP, but that they did not develop their Mousterian

culture until about 125 Ka BP,
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INTRODUCTION

For nearly thirty years, certain time foci of archeology
and physical anthropology have enjoyed the benefits of absolute
dating, thereby allowing their students to state with reasonable
accuracy the period of occupation of a site, or the age of a
skeleton or tool. For those focusing on people and cultures prior
to 400,000 years BP, potassium-argon dating has served well, while
those focusing on anything more recent than 40,000 years BP have
had their information supplied by the radiocarbon method. Unfor-
funately for those who wished to focus on that interim period,
400,000 to 40,000 years BP, there has been no absolute method,
only relative ones, such as faunal, palynological, or stratigraphic
analysis and comparison,

Recently, however, a host of new dating techniques have
been developed to fill this gap. For example, amino acid race-
mization, m@gnetostratigraphy, thermoluminescence (TL), and the
various uranium series diszquilibrium methods have enjoyed inten-
sive study to determine their efficacy, and in the case of some
of these methods, their applicability to anthropology. Because
the uranium series disequilibrium methods have the potential to
date the entire gap from 40,000 to 400,000 years BP (and perhaps
even as far back as 1,000,000 years BP for certain special appli-
cations of one method), this group of methods, when perfected,

1



may prove to be the most informative of the new methods. They
may also prove to have other factors in their favor: all the
uranium series disequilibrium methods are relatively inexpensive
to perform (unlike some of the other methods); they do not re-
quire samples bored from priceless fossilsj} no expensive equip-
ment is required in the field, nor are any difficult calculations
of sample orientations needed; finally, they use calcium carbo-
nate, very frequently found neariopen air spring sites, and al-~
most always found in caves, where ancient man often took shelter.
Therefore, the uranium series disequilibrium methods should be
applied to more archeological sites, in an attempt to solve some
of the many problems which plague archeologists in this period. .
There are almost as many uranium series disequilibrium
method used for dating as there are isotopes of the various ele~
ments in the uranium and thorium decay series. Some of these in-

230, ,231

¢élude the Th/““"Pa method, for dating sea cores, the unsup-

231Pa in dating

230qy, /2329,

ported isotope methods, utilizing either 230Th or
deep sea sediments and ferromanganese nodules, the
method applied somwhat unsuccessfully to marinecores, the Ra/U

method used originally to date uranium minerals, the unsupported

210Pb methods, used to date lake sediments, marine shores, per-

manent snow fields, and paintings to test for forgeries, the 228Th/

232Th method used to determine dates for deep marine cores, the

234U/238 234

U found in sea water, best

applied unaltered fossil corals, the unsupported 228Ra method, ap-

231

U method utilizing excess

plied to coral skeletal growth band dating, the Pa/235U method



230Th/234'U method also

used to date cave deposits, and finally, the
used to date cave and spring deposits, Both Ku (1976) and Cherdyn-
tsev (1971) give excellent discussions of the above methods, com-
nenting upon their limitations, and the results achieved by these
methods. Eurthermore, these latter two methods offer the most ob-
vious applications to archeology and physical anthropology.

Although the 230Th/zBL"U, or simply U/Th, method was poten=-
tially available for use in the 1930's, when the relationships
between the isotopes were first understood, the method was not
seriously applied until the late 1950's,when it was used to date
everything from deep marine sediments to bones, including corals,
oolites, speleothems, even those now found in submarine caves, 4
mollusc shells, marls, desert calcretes, and bones (Ku, 1976).

In the case of mollusc shells and bones, however, there is a dis-
crepancy in the age on the order of 50%, suspected to be due to
the geochemical factsrs influencing uranium incorporation into the
material and diagenetic movement of the uranium (Ku, 1976; Szabo
et al,, 1969), Certainly, the most consistent results for the
method arise from the coral and speleothem samples.

Very few work rs have actually tried to date deposits re-
lated to archeological sites. Cherdyntsev et al. (1976) attempted
to analyze, without much success, the Ehringsdorf material, also
attempted in Blackwell (1978), while Schwarcz et al (1978) have

dated Nahal Zin in Isreal., Schwarcz (1980) reports dates for several

sites around the world, In Schwarcz et al. (1980), date are given



for Petrolona in Greece, and Schwarcz and Debénath (1978) reported
dates for Lachaise in France. Recently, Harmon et al. (1980)
have dated the Bilzingsleben material,

Because the dates reported in Schwarcz end Debénath (1978)
were controversial, it was decided to collect more material, The
original 1977 collection was made by Andre Debénath, who assisted
the author during the 1980 collection, Several other French sites
are also problematic, Figure 1.1 shows the locetions of the othe
two sample localities. In the Charente, the northern region, is
the type locality for the Quina and Ferrassie Mousterian assemblages,
while the Dordogne contains the type localities for the other Mous-
terian assemblages,

In the Charente, Montgaudier is very near Lachaise, but
its character of deposition is completely different. While Lachaise
is a small but deep cave complex, Montgaudier is a huge abri com-
plex,. While the former is filled by calcite-cemented breccias and
stalagmitic material is a well-understood stratigraphy, the latter
has deposits which have slid as slump blocks from one place to an-
other intermixed with normal sediment sequences, resulting in a
baffling stratigraphic jigsaw puzzle, Yet both contain Mousterian
cultural material and hominid fossils. The 1978 collection at Mont-
gaudier was made H, Schwarcz, assisted by Louis Duport, and the 1979
collection was by the author, assisted by Debénath and Duport.

In the Dordogne, Pech de 1'Azé Cave (foot of the ass in old
Bordelais), containing Acheulian and Mousterian industiies, has

been extensively studied by Bordes (1972, 1976). In one section



Figure 1.1

The sampling localities
A, The Charente
B, The Dordogne

(modified from Smith, 1964)
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of the cave, the paleoclimatology is extremely well-understood,

but is not related to any absolute dates. This paleoclimatological
sequence has been used to correlate this site with other local
sites. Samples there were collected by H. Schwarcz with the help
of Frangois Bordes in 1977, and two other samples were collected
in 1978, Near Bergerac, a rich network of caves can be found in
the cliffs overloocking the Dordogne. Of these, two are presently
being excavated, Abri Vaufrey contains several metres of sedimen-
tary fill all containing a Typical Mousterian industry which

has been attributed the Wirm I stadial, It is surprising that so
thick a section should be deposited so quickly. Therefore, ab-
solute dates here would be sspecially helpful to confirm the . paleo-
climatic interpretations, A nearby cave, Grotte 13, contains no

cultural material, but does contain Ursus deningeri, the extinction

of which is used to dermine the Nindel/Riss boundary. Because no
dates had been established yet for the extinction of U, deningeri,
and because of its wide use as an index fossil, "an absolute age
for this level would be of great interest.,

In this study, all the absolute dates, however, have been
related to the paleoclimatic interpretations of the deposits in
the caves., Sedimentological characteristics of the deposits (gra-
nulometry, carbonate content, pH, etc.) are used along with the
faunal and palynological analsis to extablish the paleoclimates
for the sediment sequence. These data are then compared to regio-
nal and global glacial/interglacial sequences, such as the oceanic

core isotope data, attempting to match the local climatic sequence



with that of the global sequence, thereby to derive a relative date
for the sequence, In some cases, these relative dates can be re-
lated to an absolute age. For example, the Wurm III/IV intersta-
dial has been established at approximately 20 Ka, the Wurm II/IIIX
at 27 Ka, and the Wirm I/II at 38 Ka (Smith, 1964). Beyond that

no dates have be=n firmly established, however, it is generally
agreed among archeologists that the Wiirm I begins at about 80 Ka,
the end of isotopic stage 5, and that the Riss ends at about 130
Ka, the end of stage 7. Using these conventions, the absolute dates
derived for travertines are related to the paleoclimatic interpre-
tations made by the archeologists. It is then possible to estimate
the accuracy of their interpretations (Figure 1,2).

Therefore, for each of the caves from which samples have
been collected for dating, the sedimentology, archeology and pale-
oclimatic interpretations have been summarized. In the stratigraphic
sections, the French word plancher (literally, floor) has been used
to describe sheets of calcitic flowstone up to several centimetres
thick commonly covering the entire floor of a cave at a stratigraphic
level, All the sections are listed from the top, by convention.,
Unfortunately, there are no thickness listed for many sections in
their original published descriptions. In the cases of the Mous-
terian cultures in the caves, tool lists and lists of the important
indices have‘been included because these are not published in any
of the English liderature,

Generally, +the dates herein have proven to be older than



Figul‘e 1.2

The logic which is used to .establish the absolute
dates and paleoclimatic interpretation for archeolo-

gical sites,
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the chronological interpretations made by the archeoiogists who
have studied the sites., Few dates, however, were obtained for
the Dordogne region. Caves in this area seem poor in travertine,
and what is present contains low concentrations of uranium. In
the Charente, the samples from Lachaise gave excellent results,
but raised almost as many questions as they answered, Wwhile the
chronology of Montgaudier is still a problem, as is the history
of its occupation by man,

From the few conclusive dates, however, Neanderthals, as
a group appear to be much older than formerly thought, as is the
Mousterian culture with which they are associated,

Before discussing each site in detail, the theory and
methodology of U/Th dating should be discussed, follewed by a
brief summary of the paleoclimatological methods, and the back-

ground into which these sites fit, the Pleistocene,



THE THEORY

Before discussing the application of the uranium-thorium
method to archeology, it is necessary to first outline the theory
underlying the method, Uranium and thorium behave differrently
in the geologic cyele, resulting in a separation of the daughter
products from the parent uranium. Therefore, when a travertine
is deposited in a cave as a fesult of percolation of groundwater,
uranium, but usually no thorium, will be coprecipitated with the
calcite., Thus, a natural clock is started as the decay products
grow back into secular equilibrium with the parent uranium, and
that disequilibrium can be measured by separating the uranium

and thorium and measuring the abundence of the various isotopes.
2.1 The Geological Cycle

Both uranium and thorium originally enter the crusf as a
result of igneous activity. . Thereafter, however, these two actinide
elements behave differently as they pass through the geologic cycle.
2.1.1 The Uranium Cycle

Most of the uranium in igneous rocks is almost unsoluble in 4+
valence state. Upon exposure to the atmosphere, the uranium can
be oxidized to the soluble U(VI) state. The solubiligy can be
jncreased further by the presence of 002, or phosphates in the

groundwaters, Solubility is also affected by the presence of

12
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vanadates, silicates, @and arsenates (Langmuir, 1978).

Once in solution, ursnium may form severzl different aque-
ous species, depending on the Eh, pH, and the concentrations of
various ions in solution., Some of the important ions include
carbonates, fluoride, phosphate, sulphate, silicates, hydroxide
and chloriﬂe with which uranium can complex. Some of the impor-
tant aqueous uranium species are listed in Table 2.1, along with
their ranges of stability vs. pH. According to Langmuir (1978),
only the uranyl carbonates, Uo;, and U(OH)g are significant in
natural waters. In the presence of phosphate, however, UOz(HPO4)§-
will predominate in the range 4 ¢ pH < 10, the normal pH range for
natural waters. This becomes significant in caves with bones or
teeth exposed to acidic cave waters which can dissolve the hydro-
xyapatite, Ca3(P04)2'CaC03, thereby releasing large amounts of
phosphate into the cave waters. Figure 2.1 shows a typical dis-
tribution of aqueous uranium species vs. pH for a natural water._

The amount of uranium dissolved in the water has been
related to several factors, including:

1, the uranium content of the source (allogenic rock, authi-
genic rock, sediment, soil)

2., the leachability of the uranium

3. the proximity of the water to the source when tested

4, climatic effects, their variabllity, and their influence

on evaporation and transpiration, which in turn influence:

5. the Eh and pH of the water



Agueous

Species

g+

U4+

vor-*

U(OH)g+
U(OH);
U(OH)Z

U(OH)E
O+
Ug(OH){g

opot

uc1o*
US0;

o
U(SO4)2

Table 2.1 Important Aqueous Uranium Species.

)
- &
(kcal/mol)

~114,9
-126.9
-187.2

=290,3
-342,0

=-392.4
-1588.2

-281.3

Stability
Range
(pH)

<1
1-2

2-4.2

5‘90 5

<3

<3.2

Conditions

EU = 10"6 M, P = 1072 atm
Co,

U =10"%y, P.. = 1072 atm
co,

&F = .2 ppn,&£Cl = 10 ppm,
&£50, =100 ppm, ZPO4 =

EF = .2 ppm, €C1 = 10
&80, = 100 ppm,Z,POZ+ = .

EF = .2 ppm, &C1 = i0

2.504:100 ppm, Z:PO[{_ =

U =10°M, P, =102 atn
co,

¢F = .2 ppm, &C1 = 10 ppm,
£50, = 100 ppm,‘eiPO4 = ,1 ppm

<F = ,2 ppm, £€C1 = 10 ppn,
£50, = 100 ppm, i.'.Poq_ = .1 ppm

£F = .2 ppm, £C1 = 10 ppm,
2804 = 100 ppm,iPOq_ = .1 ppm

&F =
1304

.2 ppm, EC1 = 10
= 100 ppm,iPOq_ =



Table 2.1 (continued)
Aqueous G; Stability Conditions
Species Range
(kcal/mol) ¢pH)
24
UHPO), -403,6
= o —
U(H:O[\L)2 677.6
2
ke
U(HPO4)4 -1221.,0
Uo; -231.5 1-7 £U = 10’61~1, Poo. = 1072 atm
_ 2
Uog*' -227.7 ¥ 7 sU = 1070 M, T = 25°C
U0 08" ~276.5 47 =107y 1= 25%
4 2+ I 3
(U02)2(OH)2 ~561.1 5-17 ?U z égocm, £50, = 10°°H,
oy - _ 1=,
(V0,)5(0H);  -945.2 6 $U = 10K
UOchS -367.6 47,5 12U = 1070, Pog. = 1072 ata,
7 T = 25°%C 2
U02(003)§- ~503.2 5-9 ZU = 1070, P, = 10 %atm,
T = 25°% 2
' -2
7= 2P04 = .1 ppm, PCO2 = 10 7 atm
Uoz(c%);“' ~635.4 >7 $U = 10”0, T = 250C
U02F+ -302.0 <5 ZF = .3 ppm
Uong -274,6 <5 $F = .3 ppm
UO,F -445,2
Lo
UO,F), -514,2
U02C1+ -259.4
Uozsoz 409, 4 6.8 €U = 10’814, £50, = 10™0n



T
6"‘ "

Table 2,1 (continued)

0

%que9us Gf Stability Conditions
Species (kcal/mol) ?;g§e

U0,(50,)57  ~589.4

U0, HPO), -499,5 3-5 £P0, = .1 ppm
U0, (HPO,)5™ ~773.7 3-8 $£P0, = .1 ppm
UOZHZPOZ_ -502,0

0 -
U02(H2P04)2 =7755
UOZ(H2PO4)3 -1048,0

U0,S10(0H)  =537.0 3.8-7 LU = 197" M, £5i0, = 1072

(adapted from Langmuir, 1978),



Figure 2,1

The dissolved uranium species in a typical ground

vater (after Langmuir, 1978)
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6. the concentrations of the aforementionned ions
7. the presence of highly adsorptive materials such as
organic compounds, oxides of iron(III), manganese, and
titanium, and clay minerals
8. the amount of dilution of the water by non-uranium bearing
waters
(Langmuir, 1973).

After the uranium has been complexed in the water, it will
move through the soil or aquifer with the water. In karst systens,
the stability of the uranium species, particularly the carbonate-
complexed species, is dependent upon the partial pressure of car-

bon dioxide, P In the formation of a speleothem, as discussed

CO2

in Chapter 2.2, 002 degassing or evaporation of the water will re-
sult in coprecipitation of the uranium with the calcite. Much of
the uranium in the speleothem will probably have originated in the
limestone itself or the interbedded shales (Gascoyne, 1979), but
the amount dissolved in the water, and hence the final concentra-
tion in the speleothem depends on the factors listed above, Ura=
nium concentrations in speleothems can vary from <0.01 to »100
ppm, averaging about 0,5 to 1,5 ppm,

Figure 2.2 summarizes the geochemical cycle of uranium
and thorium,
2.1.2 The Thorium Cycle

Although thorium is approximateiy four times more abundent

than uranium in crustzl rocks, the Th/U ratio in seawater is ap-



Fig‘ure 2;2

The geochemical cycle of uranium and thorium

(from Blackwell, 1978, after Harmon, 1975)
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proximately 1/200., This is a direct result of the significantly
lower solubility of thorium (Gascoyne, 1979). What little thorium
does dissolve, unlike uranium remains in the 4+ valence state, and
is usually quickly adsorbed onto the surface of clays and other
detritus, Therefore, very little dissolved thorium is found in
natural waters, although some studies have shown some thorium may be
dissolved in water (Thompson, 1973).

2.1.,3 Isotopic Fractionation of Uranium

P 238

Because the long-lived daughter o U is the same element,

nanely 234U, one nmight expect these two isotopes to exist in secu-

/ *
234U/238U = 1.0, Such,

lar equilibrium in most natural waters, i.e.
however, is usuélly not the case. 234U is preferentislly dissolved
from uranium-bearing minerals. The reason for this is still not

certain; however, the following explanations have been proposed:

1, The crystal lattice is dislocated as the 238U aton emits
the high energy & and B particles to decay to 234U.

2. The oxidation state of 238U may change from U(IV) to U(VI)

because of stripping of the orbital electrons by the emitted
2%

o, This will increase the solubility of the resultant ’4U.

3+ During decay of nuclide at the surface of a grain, the &

ernission may cause the daughter to recoil from the solid

phase into .the liquid phase {Gascoyne, 1979).

234

Therefore, the U/238U ratios may vary considerably from < 1.0

to 12 in ground water (Figure 2.3). Seawater, however, has a con-

2
* All references to nuclides means the activity, i.e. 34U=}234N224




Figure 2.3

238

. . 234 . .
Uranium concentraticns and 3 u/ U ratios in the

hydrologic cycle (after Gascoyne, 1979)
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stant ratio of 1.14 + 0,02,
2.2 Cave Systems

Because of the presence of carbon dioxide in the atmosphere,
limestone formzctions are subject to erosion causing cave formation.
Within these caves, speleothems may be deposited bearing uranium.
2.2.1 The Carbonate System

When carbon dioxide gas comes into contact with water and

calcite, the carbonate system of chemical reactions jis established:

COz(g) + H,0=2C0,(aq) + H)0 (2.1)
Co,(g) + HOT— H,C0% (aq) (2.2)
k. = LHCO3)
CO, = p
co,
H2CO§(aq)::::§‘H+(aq) + HCOZ(aq) (2.3)

(B") (HCOZ)

1 B *
(,C0%)
HCOZ(aq) &=2H"(aa) + Cog-(aq) (2.4)
(8*) (c057)
K2 =

3

H,0 &==H"(aq) + OH (ag) (2.5)
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X g%y (om™)

H20

Since 211 the above equilibrium constants are paramsters dependent
upon temperatufe, the above equilibrium depends on the partial
pressure of carbon dioxide, PCOZZ temperature, and the concentration
of other ions in solution, especially Na] CI, 802_.

When a water equilibrated with the atmosphere, Pc02 = 10722

atm., passes into the soil it may come in contact with soil gases

whose P, 1is as high as 1072¢9 atm. A new equilibrium will be
2 : *
established with much more of the ions HECOB’ HCOE, u*, and 602-,

making the water more acidic, and therefore, more capable of dis-
solving limestone,
Most limestone is almost pure calcite which will dissolve

according to

CaCO4(s) + Hy0 + CO,(g) Ca®*(aq) + 2HCOZ(aq)
(2.6)

2 P
K., = (Ca *) (co3 )

By reversing the above reaction it is possible to preci-
pitate calcite. This may be possible if the water containing the
ions is evaporated, or if the water comes in contact with air which
has a lower PCOZ' This latter condition often occurs when wate?

which has been previously equilibrated with soil gases, comes in

contact with the atmosphere again, either in a ventilated cave, or

at the resurgence point., See Figure 2.4,



Figure 2.4

The process leading to the deposition of speleothens

in caves (after Hendy, 1971)
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2.,2.,2 Cave Genesis and Evolution

A karst cave is defined as a solution cavity » 5 to 16
mm in diameter (Ford % Ewere, 1977); however, for archeological
purposes, a cave shall be considered a room within tﬁe limestone
in which a person can sit or stand, and which has significantly
greater dimensions than the opening which leads to the room. If
- the entrance is of the same dimensions as the room itself, it shall
be called an abri (also known in English as rock‘shelters).

Caves form as a result of the dissolution of the limestone
due to the passage of acidic waters egquilibrated with soil gases,
as described above, Eventually due to some minor lithologic dif-
ferences, or because of jointing which routes the water along
certain courses, a conduit will be dissolved from the host rock,
Thereafter, the conduit will receive more dissolution than the
surrounding areas, resulting in more rapid enlargement of the con-
duite, It will continue to carry more water as it scavenges water
from other less developed passages. At some point, the conduit
will become a cave through successive enlargement;

Continued evolution of the cave may result in the formation
of speleothems by the process of precipitation described above.
Because of weakening of the roof rock by continued seepage of water,
the roof may partially collapse into the cave ;’_the roof thus stopes
~upward,

In archeological caves, the occdpation is seldom very deep
in the cave, while the cave is usually located on a ridge overloo-

king a river valley, because of the obvious hunting advantage this
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provides, Over time, speleothems formed on the roof or walls,du-
ring interglacials or interstadials are more apt to be spazlled off
in the colder but variable periods preceding major glaciations.
Furthermore, the cave entrance will be prone to rock falls, as the
ridge erodes back from the wvalley., Therefore, the strata in the
front of the cave will be a complex mixture of archeological material,
clastic sediments, and roof debris, There may also be stalagmitic
"planchérs" or floors developed at times when the cave was very wet.
Excavation of the archeological layers, then, can provide informa-
tion about the history of the cave development, in addition to the
archedlogical insights.

2.2+3 Abri Genesis and Evolution

An abri is formed by erosion of the lower or middle levels
of a cliff, while the upper levels remain as an overhang. Aabris
may also form if a cave entrance collapses back to the point where
the main chamber opens directly to the cliff face.

Once it is formed, the evolution of an abri is significantly
different from a cave, While the back of the abri continues to
erode back into the rock, the overhanging roof will continue to
collapse onto the area which was the floor of the abri. Therefore,
there isa steady regression of the abri with its associated sedi-
ments (Bordes, 1972; Figure 2.5). In abris, it is very common
for '"muddy" flowstones, planchers, and breccias to form. These
latter may be composed of a mixture of ércheological material, roof

'spall, and clastic sediments cemented by calcite during wetter peri-



Figure 2,5

Formation and evolution of an abri:

a, Compact limestone

b, Porous or frost-sensitive 1imestone

c. Eboulis

d. Archeological layers
When damp conditions, or those with abundent frosts,
an embryonic abri is formed (2) which becomes deep
enough to be inhabited (3). As the cryoturbation con-
tinues, the shelter becomes deeper, but the rock be--
neath the eboulis is not eroded further, producing
"steps" in the level of the cave floor (4, 5). As
deepening continues, the roof eventually caves in (6)
partially, momentarily halting human habitation, The
process of deepening and partial-collapse (7, 8) con-
tinues until the roof finally collapses completely,
ending habitation of the cave., Finally, colluvium

covers the whole cave opening (after Bordes, 1972).
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ods, in which the abri may act as a local spring, or as a result
of seepage of water down the cliff face. Therefore, the travertine
in abris is likely to be less pure than that of caves.
2.2.4 Speleothem Morphology

| A speleothem, as defined by Moore (1952), is a naturally
formed, unitary, coherent body of mineral material deposited with-
in a cave. Stalactites and stalagmites, the most common types,
form with the precipitation of calcite from the water entering
the cave which has a lower PCO2 than the that which the water was
previously equilibrated, or by evaporation of the water., The rate
of deposition will depend on the degree of air circulation, the
internal climate of the cave, particularly the rate of evaporatidn,
and the characteristics of the wafer. Flowstones are laminar de-
posits formed on walls or the floor, Planchers are formed from
standing or slowly flowing water in the cave, resulting in a czl-
cite "floor” being deposited over the previous cave floor.

Open air travertine, though not strictly speleothems by
definition, may closely resemble those of the caves. These depo-
sits form where saturated waters resurge to the surface, causing
deposition of travertines in many shapes, with flowstone one of
the most common,

To precipitate a stalactite, the drip rate must be suffi-
cient1§ slow to allow vrecipitation of the calcite befofe the
drip falls, Prolonged precipitztion wiil produce a conical stalac-
tite composed of wedge-shaved crystals growing perpendicular to

long axis (Moore, 1962). 1In the initial stages of g.owth, the
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stalactite will have a pipe-like shape often refered to as a "soda
straw® d#s the speleothem grows, however, this will be filled as
well,

Alternatively, when a drip lands on the floor, the water
spreads out radially with the precipitation being greatest at the
centre of impact., In time, this results in a columnar form com-
posed of radial crystals oriented perpendicular to the growth sur-
faces (Harmon, 1975). Crystals in stalagmites are usually somewhat
larger than those in stalactites, because, in the former, most of
the growth occurs in one plane. In stalagmites, larger than aver-
age crystals usually indicate slower growth accompanied by fewer
impurities.

Flowstone forms as water flows over a surface resulting
in thinly laminated sheet-like deposits with the crystals oriented
perpendicular to ithe growth surface. Planchers are very similar,
with crystals oriented pefpendicular to the growth surface, These
form over entiré cave floors when a film of slowly flowing water
allows precipitation over the entire floor. Often stalagmites may
form the upper surface of a stalagmitic _plancher. Fallen stalac-
tites might be embedded in the calcite, as well.

All these speleothems are characterized by growth rings or
laminztions, comparable to those found in trees. These, however,
are not necessarily annual, but can represent up to several thou-
sand years of growth for one "hand". Frequently, these growth
horizons exhibit colour banding and differences in opacity, in

many instances, due to fluid inclusions, inclusions of fine=-grained
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detritus, differences in chemical composition, especially of trace
elements, or surface effects from irregular deposition rates (Har-
mon, 1975).

The shave of speleothems directly reflects the depositional
conditions under which they grew, Under uniform growth conditions,
a stalagmite will have a constant diameter, while a flowstone will
be evenly laminated., Furthermore, both will likely be macrocrys-
stalline, high in fluid inclusions, and low in detritus. Irregu-
lar growth rates, however, alter both internal and external appea-
rances. Often, as a result of a hiatus in growih, a sand or silt
horizon will be formed. Under conditions of rapid evaporation or
loss of carbon dioxide, as often occur at cave entrances, or in
abris, porous nmicrocrystalline spelecothems are formed with random-
ly oriented crystals., Often containing large amounts of detritus,
these deposits are "muddy™ in appearance, and normally should be
avoided when collecting calcite for dating. Unfortunatly, however,
it is often the%e deposits which have the closest association with
archeological material because the occupants of the cave seldom
went deep inside, To he avoided at a1l times when selecting cal-
cite for dating are the calcite-cemented breccias, which may con-
tain limestone from the host rock which will be infinite in age
compared with the formation of the breccia which is the date of
interest, With properly selected calcite, it is possible to date
the time of the formation of the speleothem by utilizing the radio-

c¢tive decay of the uranium in it,
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2.3 Radioactive Decay

Many radionuclides with atomic number »58, and a few of
very low atomic number decay by spontaneous emission of an o par-
ticles, gHe. The & particlesemitted may be either of a discrete
energy, or of slightly varying energies. In the latter case, ¥
rays will also be emitted to return the nucleus from its excited
state to its ground state. Because the & has a mass of 4 amu.,
it can cause the nucleus to recoil with an energy of about 0,1

MeV, For example,

252’*“-——-—* ZéiPo + gﬁe + Q (2.7)
Qtotal 5.5904 MeV
Qo = 5,4897
2 = 0,51
Q‘recoil'_' 0.4907

(Faure, 1977).

Some nuclei with an excess of neutrons may undergo P-, (]?e .

emission (also known as negatron emission), usually accompanied

by 3 ray emission, i.e.
234, 234 0, -
90Th————-) 91Pa + _1:3 + U o+ & (2.,8)

Some nuclei, on the other hand, with a low atcmic number and a

0 +

deficiency of neuirons will emit F +, 1@ particles, i.e.

18

18 0
oFf TT0 o+ B vt o+ a (2.9)
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(Faure, 1977).
All redioactive decay obeys the law

an(t)

= = =2t (2.10)

where N(t), a function of time, is the number of atoms at time t,
and N is the decay constant.

Assuming the daughter product ffom the radicactive decay
is initially absent, the decay of the parent atom obeys the fol-

lowing equation

N(t) = N e At (2.11)

where No is the number of atoms at time 0, i.e. the time of forma-
tion of the material. Under these conditions, the age of the de-

posit can be determined by solving the following for ¢
S -At
no=n, {-e ) (2.12)

where Naand Nb are the amounts of the parent and daughter nuclides
respectively at time t (now), and Tka is the decay constant of the
parent atom., If, however, the daughter atom is also radioactive,
the equation must consider this. If the parent is longer-lived
than the daughter, i.e. }a<$:\b, the system will eventually reach
secular equilibrium, where the decay of the daughter is as rapid
as its formation from the parent., Under these conditions,

2

Ay
a a

= 1,00 — (2.13)
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Therefore, by knowing the initial amounts of the twc atoms, in this

case, the age of the deposit can be determined from

N, = n° Da (e—}at - Yy 4 x% e bt (2.14)
R R b
a

0
b

and daughter nuclides. If such a system is disturbed from equili-

where Nz and N, are respectively the initial amounts of the parent
brium by removal of the daughter, the subsequent return to equili-
brium can be applied as radiometric clock to date the time of the

disturbance,

2.4 The Uranium~Thorium Decay Series

238y ana 232 both decay by dand § emission, as described

above, in a comblicated multistep pattern shown in Figure 2,6,

238U eventually decays to 206Pb, while 232Th decays to 208Pb:

2380-—-——-—-—»8 4He + 6_§_)F— + Zgng + 6 + 9

92 2
(2.15)
232 4 Og- 208 -
90Th--—-————»6 oHe  + 6 -lF + 82Pb +6v + Q
(2.16)
In the U/Th method, only the decay of 238U as far as 230Th, and

2)ZTh as far as 228Th are of interest. Other dating methods based
235

on these schemes, and trat of U enploy different parts of the

decay pattern and the different properties of the elements involved,

While the decay from 22'Th to 257U is fast (the half-life



Figure 2.6

238 23

The U and 2Th decay series

Shown in the diagram are the decay paths, the
partitioning in the case of nmultiple decay path-
ways, the halflives, and the mode of decay (after

Ku, 1976; Faure, 1977; Weast, 1972)
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oTh"and from 230Th to 226Ra

is less than 25 days), that from 259y to 27
is slow (t%= 2.48 and 0.75 x 1o5xy Should unsupportedas%fbe in-
234

corporated into a speleothem, the U will not reach equilibrium

230Th it produces until approximately 700,000 years (700

238

with the

U will reach equi-

234U

ka) after the initial deposition, while the
librium about 2.57million years after deposgition, providing the
is not preferentially dissolved out, as discussed above. Theoretically,
until 700 Ka, the relative ratios 257U/23%y and 23%7h/23%y can be

used to measure the time elapsed from the time of deposition, but

after 350 Ka, the latter ratio approximately equals one (equilibrium).

232

The Th series acts as a tracer for the presence of

allogenic thorium, If_232

Th appears in thorium emission spectrum,
this implies that thorium of all isotopes has been incorporated
into the calcite. Anotﬁer problem which this implies is that if
the thorium is present due to detrital inclusions in the calcite,
that same detritus may contain allogenic uranium which has a signi-

ficantly different activity ratio than that of the calcite. These

two problems will be discussed in greater detail in the next chap-

ter. The absence of 232Th ensures that the initial 230Th«concen-—
tration was zero, because the halflife of 232Th is much longer
than that of 250Th,

Each of the @ particles emitted in the decay series bas a
specific energy associated with it which is charccteristic of the
nucleus whence it came. The of particle energies for the uranium

and thorium decay series are shown in PFigure 2.,7. The problen,



Figure 2.7

238U and 232'I‘h

The o particle energies of the
decay series isotopes (after Harmon, 1975, from

Lederer et al, 1966)
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however, is somewhat complicated in that the particles may be _
emitted in any direction, and may reflect off any other substance
in the counting chamber, thereby reducing their initial maximum
energy. Therefore, when a sample is counted in an o counter, it
is necessary to assume that a range of energies exists. for each
nucleo=specific & ., Therefore, it is necessary to separate the
the various elements whose & particle energles could overlap in
the final spectrum.

In the U/Th method, the activity of the various isotopes
is used to determine the ratios of the isotopes present in the
sample., Because only the isotopes of uranium and thorium are of

interest, only these elements are counted,
2,5 The Theoretical Principles of U/Th Dating

Vhen dating the time of deposition of a speleothem, it is
230

assumed that there was no thorium, especially Th, present ini-
tially., Because this requires that no thorium be present in the
groundwster, it is necessary to test this assumption., Present

day groundwaters contain only about 1/104 as much thorium as ura-
nium, Since thoriunm is removed from the grouhdwater by adsorp-
tion onto qlays, etc., this U/Th ratio is found to be fairly con-
stant for waters throughout the world (Thompson, 1973). Further-
more, no evidence exists to suggést the past ratio should not be
similar for the HJuaternary. Calcite cryétallographically incorpo-
rates uranium into the crystal lattice as UOZCOB’ but thorium is

adsorbed on the surface of clay detritus which is a minimum in



b4

clean speleothenms, Therefore, pure calcium carbonate should
- contain no radiogenic thorium detectable by present techniaques of
measurenent,

-

Once the spelzothem has been déposited with x ppm of ura-

238U and 23/+U will decay, while 23OTh

nium and no thorium, both
ingrows. The uranium will have been deposited in the calcite

in the activity ratio which it had in the water, because these
nuclides are too heavy for isotopic iractionation to occur. The ra-
tio will slowly change until equilibrium is reached; however, this

230Th/234U

process is slow compared with the change in the ratio

which reaches equilibrium in about 700 ka. Until 350 or 400 Ka

. s . ; 230, 4,234 s
after the time of depesition, determinztion of the Th/““ U ratio
is sufficiently, accurate to descriminate the age of the deposit.
Beyond that, the ratio is so close to equilibrium that it is dif-
ficult to distinguish the true age from an infinite one. The re-

238

lationship between 230Th/23L'LU and 23Ll'U/ U and time is shown in
Figure 2, &

Should there be any initial allogenic thorium present in
the calcite, the zpplicablility of the method depends on the reli-
ability with which the initial 23G'l‘h/232’l‘h and the initial amount

added.can be determined. Since no calcite is absolutely pure, thorium

could be from several sources, including mineral inclusions, par-

232

ticularly clays, as well as occlusion. By assuming that the Th

has remained constant since the deposition (the halflife is 1.4 x

230 232

loloyears), and assuming an initial Th/“““Th ratio, it is pos-

" sible to make a correction for detrital thorium. Post-depositional



Figure 2.8

The relationship between the activity ratios
230Th/ajL}U and 234U/238U for systems with no
initial thorium:

The near horizontal lines are the growth

230Th/234U

234U/238U

curves of the ratio vs. time for

a fixed initial s, while the nezar
vertical lines are isochrons (after Schwarcz,

1979).
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contamination, although impossible to disitinguish isotopically from
initial contamination, can, on occasion be detected by microscopic
ex~mination,

The precise methodology and calculations will be described

in the next chapter.



THE U/Th DATING METHOD

In general, the U/Th dating method relies on chemical
analyses, consisting in part, of dissolution, precipitation, etc.,
and g-particle spectral analysis tg measure the activities of the
~ isotopes. First the traces of uranium and thorium are removed from
the parent matrix by chemical procedures. Then, the activites of
each isotope are measured. After the date has been computed from
the spectral déta, however, the method becomes very subjective:
the geological decisions and archeological correlations which re-
sult are the product of experience, and are subject, therefore,
té human error to a greater degree than the actual chemical pro-

cedures.
34l The Chemical Analysis

Although the actual chemical procedure is simple, it doees
require approximately three to six days to complete. As a conse-
ﬁuence, several samples, usually five, are analyzed sinmultaneously.
The procedure is as follows ¢ .

1, The sample to be dated is washed to remove- the surface dirt,
and then weighed. Normally, a sample weighs between 25 and

50 g, if it is expected to contain more than 0,1 ppm urani-

un. For less uraniferous samples, as much as 100 g may be

used,

2. At this point, a "spike" solution containing 232U:228Th in

48
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an activity ratio of 1.C27, and FeGlB, the carrier solution,
are added. Normally, only 22.7 mg of "spike" are added;
however,»for samples suspected to be more uraniferous, 45.4
Mg are used., Only l0.0,ug of iron are added, because most
natural speleothems already have iron present in trace a-
mounts,

The sanmple is then dissolved in concentrated nitric acid,
HNOB(aq), of sufficient quantity to just dissolve the sam-
ple, and render the pH of the solution approximately 2.

The solution is centrifuged to remove any undissolved de-
trital material, providing there is visible detritus.
Otherwise, this step is omitted. Any detritus is weighed
and retained for possible further analysis.

The solution is boiled to rzmove carbon dioxide, COZ'
In order to precipitate iron hydroxide, Fe(OH)B, which
selectively absorbs both uranium and thorium on its surface,
ammonium hydroxide is-titrated into the hot solution until the
red precipitate begins to form. The precipitation reaction
is ’

FeCl + BHH4OH —_— Fe(OH)3 + 3NH4C1

3
After the precipitate is collected by centrifuging the so-

lution, it is redissolved in concentrated hydrochloric acid,

HC1(ag).
3+

In order to remove the Fe ions but leave the uranium and

thorium ions in solution, the aqueous solution is extrae-

ted with isopropyl ether, ((CH HC)2O, at a pH equivalent

372
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11,

12,

13.

14,
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to that of 9N HCl(aq).

The aqueous solution is then passed through an anion ex-
change column, of mesh size 100-200 filled with Dowex 1 X8
anion resin at a pH equivalent to that of 8N HCl(aq). This
acidic condition will allow the thorium ions to pass through
and be collected for further processing (see 15), while

the uranium ions are retained on the resin, The column

is washed three times with approximatelyrlo nl 9N HCl(ag).
The uranium ions are eluted from the anion column with O.1N
HC1(aq). This aqueous solution is then evaporated to dry-
ness, ready in most cases to be '"plated out".

If iron is still present, another ether extraction will

now be performed, For speleothems suspected of containing
organic compounds, the uranium may be refluxed in aqua
regia (concentratea HNOB(aq):concentrated HCl(ag)=1:1).

The uranium is redissolved in 0,1NM HNO3 and extracted with
0.25M thenoyltrifluoracetone (4,4,4-trifluoro-l-(2-thienyl)
-butane~l,3-dione, CBH5F3OZS: also known as TTA) dissolved
in benzene to extract any therium which may have passed
through the anion exchange column with the uranium.

The pH of the aqueous solution is adjusted %to 3.5 using
dilute NH4OH, and again extracted with TTA in benzene,

this time to extract the uranium from the aqueous solution.
This is repeated two more times, discarding the final aque-

ous layer,

The organic layer, containing the uranium, is evaporated
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down to approximately 0.l ml which is then dripped onto

a heated steel planchet, termed a "disc", and evaporated
to dryness. This procedure is called "plating out the
uranium",

The solution containing the thorium which dripped through
the anion:column is diluted to a pH equivalent to that of
3M HCl(agq) by adding twice the volume of deiomnized, dis-
tilled water to the 9N solution,

This solution is placed on a Dowex 50 cation exchange col-
umn of mesh size 100-200 which retains the thorium, but
allows all the other ions to pass through. These will in-
clude the daughter ions of uranium and thorium, such as
polonium and bismuth and any other ions which may have -
been adsorbed by the Fe(OH)B. The column is washed three
times with 3M HCl(ag).

The column is eluted with 0.75M oxalic acid, H020202H,‘

To remove the organic compounds, including the oxalic
acid, from the aqueous thorium~bearing solution, it is
refluxed in aqua regia.

After the thorium has been dissolved in O.1M HNO(aq)

and extracted three times with TTA in benzene, the orga-
nic layer is plated out onto a disc, as the uranium was,
Before being counted, the discs are fired for ten seconds
to remove any organic residue, including the TTA, or any
ions which might still be present. Finally, the discs are

counted for approxiuately two days on an « counter.
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Some of the equipment is shown in Figure 3.1, while Figure
3.2 gives a flowchart for the procedure, Figure 3.3 shows a typi-
cal spectrum for both uranium and thorium,

3.1.1 Detrital Contamination

Often an archeological sample will not have good yields
of either uranium or thorium or both, Poor yields can result from
any one of several factors, or a combination thereof. Some may
be:

1, Organic contéminants: . As a result of the presence
of animal or vegetal matter in the cave sediments, excretia in the
sediments or the percolating waters, or paleontological remains
in the deposits, organic compounds can be incorporated into the
calcite. These may adsorb uranium or thorium during the normal
chemcial procedure;

2. Phosphates: Phosphates in the calcite, as a result
of the presence of bones or teeth in the cave, will interfere
with the chemistry of the method, thereby resulting in poor yields,

3, Clays: These will adsorb thorium particularly, but also
uranium, onto their surfaces, When the clays are removed in step
4, much or all of the uranium and thorium may also be lost.

4, Other trace elements or compounds: Because the
chemistry of many trace elements and compounds is poorly under-
stood, especially under the conditions used in the method, there
may exist many which could adsorb uranium and thorium, or interfere
with the chenistry.

Roasting the scmple should-destroy the organic material in it.



Figure 3,1

The chemical procedure: the equipment:

a,

b,

Ce

The columns for . uranium and thorium,
Uranium and thorium are trapped on

the surface of the resins, while other
ions pass through. The thorium and
uranium are later eluted by changing

the conditions of the resin.

The osilliscope which shows the spectrum
being accumulated in

The counting chambers,









Figsure 3.2

The chemical analysis for the separation of

uranium and thorium from calcite
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Figure 3,3

Typical emission spectra showing the energies
and relative abundences:

A, Thoriun

B, Uranium

( after Harmon, 1975)
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3.1.2 The Roasting Technique

Vhen the sample is roasted, the calcite is calcined to lime

c:aco3 —_— Ca0 + Co, (g)
825°

Organic compounds are éompletely oxidized at approximately 600°C.
Therefore, as the samnple is heated to 900°C or more, the crystal
lattice of the calcite breaks down, allowing any gases produced
in the oxidation of the organics to be burned off.

The roasting ppocedure involves the following preliminary
steps:

A, The sample is crusbhed to be approximately 2 @ in size,

. and then weighed and placed in a silica or porcelain
crucible for heating.

B, It is then heated in a muffle furnace at a nminimum tenmpe-
rature of 900°C for at leést six hours. The temperature
may be as high as1100°C without causing problems,

C. VWhen removed from the furnace, the sample is stored in a
dessicator to prevent absorption of water., Samples can
be stored for several weeks in this state.

D, When the sample is to be processed further, approximately
100 ml of water are added to the sample first, followed
by sufficient concentrated nitric acid, HNO3 (ag) to dis~
solve the sample and render the pH of the solution appro-
ximately 2., The "spike" solution and the carrier FeClB,

as described above are added at this point as well,
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The sample is then treated as any ordinary sample would be, follow-
ing the procedure discussed above, steps & through 19. Figure 3.4
gives the flowchart for the roasting technique, showing where it
differs from that shown in Figure 3.2.

3ele.2,1 Problems with Roasted Samples

Although roasting may improve the yields, it can cause
several problems which would not normally occur with an unroasted
sample. Some of the major problems encounted include:

1. "Ether Jjelly" in the éxtraction: "Ether jelly", a yel-
low gelatin, can occur in a normal sample if the concentration of
the acid, HCl, is too strong in step 8. Normally, this could be
corrected by adding water (Gascoyne, 1979)., W¥ith roasted samples;
hovever, it is fairly common, but will not dissipate when water
is added. Fortunately, its occurrance is not correlated with low
yields in the roasted samples,

2. Slow dripping on the uranium columns: Often the uranium
columns containing roasted samples will drip very slowly (a few
drips per hour, as opposed to about one per minute), This can be
complicated by the resin floating up to the surface, or the forma-
ticn of a fluffy light yellow precipitate. Although the former
can occur if the acid is too strong in normal sanmples, the latter
never has occufred inlunroasted samples, Furthermore, this situ-
ation can persist for up to mine days, before the column will be-
gin to drip normally,., Poking the top of the resin with a sbtirriag
rod or a. long-nosed pipette will speed up the drip rate momentarily,

The solution to this problem may be to dry out the precipitate before
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step 7. The final five roasted samples, all treated this way,

dripped as do unroasted onea, Unfortunately, about half of the
sarples which suffer this result in no uranium yield, possibly
because the resin degrades after long exposure to highly con-
centrated acid,

3+ Iron in the uranium at step 12: Often, because of
the formation of "ether jelly" which prevents complete extrac-
tion, or some other factor, the ether extractions at step 8,
do not remove all the iron from the uranium., The iron will
follow the urznium through the columns and even into the TTA,
causing a disc which hss more than & one atom  thick plating on its
surface, to be avoided because hitting other atoms slows the &-par=
ticles as they are emitted, causing the peaks to be less resolved.
requiring lengthy matheﬁatical corrections., The problem is
easily sol§ed~byAextracting the uranium again with ether, followed
by refluxing with aqua regia to remove all traces of the ether.
This will not reduce the uranium yields.

4, Uranium which is insoluble in 0.1 ¥ HCl at step 12:
This can be easily corrected by adding a few drops of concentrated
HNO3 to the beaker, then omitting step 12 (the extraction to remove
thorium), and adding dilute NH4OH until the pH is 3.5. Because
step 12 has been shown by Gascoyne (1979) to remove no appreciable
thorium, but has been retained in the method as a safety precaution,
omittiﬁg this,step is not detrimental to the results.

5. Loss of uraniumt¢ VWhen samples are roasted, it is pos-
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sible to reduce the uranium to the insoluble 4+ state. - Only ex-
tremely sirong acid will reoxidize it, Aprvarently, this has -
occurred in some roasted samples, UYhere it was possible to
compare the uranium conceatrations for samples which had been
processed both with and without roasting, about 26% of the roas-
ted samples showed significant losses of uranium which could not
be attributed to leaching in all cases, suggesting that the uranium
had been lost before the addition of the 'spiket To prevent this,
the 'spike'could be sprinkled on the ground sample before roasting,
but this would not ensure that the 'spikéd'was homogenized with the
sample uranium, thereby defeating the purpose. 1If the uranium
iz lost in such a manner, the date obtained is useless.
3.1.2;2 Results upon Roasting

From the prelininary results on 50 samples, 24  showed
improved yields of uranium, 27  improved thorium yields. While
approximately 34% of the samples resulted in useful dates, about
24% nave been shown to be undatable with the present two methods,
HMore work is needed to discover exactly what other problems exist
with the method. Trace element and organic analysis of samples
coupled with a study of how each particular trace element and
organic compound found to be in the natural calcite actually
reacts with the various reagents when combined with pure calcite
and processed as an ordinary sample would be, is the only way
problems with the method will be solved, Tatle 3.1 gives a

comparison between the results on roasted and unroasted samples,
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3.2 Computing the Uranium-Thorium Relationship

After both the uranium and thorium from a sample have
been counted on the o counters for two days, or until the inte-

grated "spike'" peazk is approximately 10,000 counts, the peaks of

interest on both spectra, 238U, 2’4U, ez

228

v, 2%2pn, 23mh, ang

Th, are integrated, and corrected for tail overlap, if neces-
sary. In order to calculate an age for the sample from these
data, it is necessary to understand the relationship between the
various isotopes present and time, Let us consider the sequential

238 234

decay of U to U to 230Th, assuming that there is no initial

?30Th present in the sample,

Aa A Ae
238U ; 234U 230Th 226Ra
£ t% ty
where ty = the halflife of 238y, 4.5 x 109 years
tz = the halflife of 2%y, 2.47 x 10° years
t5 = the halflife of 230q  o.42 x 107 years
Let  NC = the number of 258y atoms at time t = O
Ng = the number of 234U atons at time t = O

the nuiaber of 230Th atons at time t = O



238

N = the number of U atoms at time ¢

N, = the number of 234U atoms at time t

b
Nc = the number of 23oTh atoms zt time t
then dNa
at = -75Na
st
— = \g
at . = }bl"b + 2a.Na
ch
Tt = AN AN,
whére
in 2
}a - ta
%
ln 2
A = &P
%
k - 1n2
c = c
tp

Substituting in Equation 3,2 for Na

aN
T = M, ¢ la(r‘a e )
-

Multiplying Equation 3.5 by e“bt and rearranging

an
Aptf b _ 0 =2,t + Apt
e T ¢t )\bmb) = Z\ana e~ %2

67

(3.1

3.2)

(3.3)

(3.5)

(3.6)
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Rearranging

7 oAbt
d(Hb e )

(At =2
at = AN e Pat = *vt) (3.7)
Integrating
Apt Qa o =(3a Hp)t
N e = T——=—N_ e + K (3.8)
b )b -)a a
vhere
K N°® . x° _L
- b a
)b - na

Multiplying Equation 3.8 by e_“bt

184 e':.}bt (309)

+Nb

N

Y .0, =Azt ~Apt
b = mka(e e )

Since the radiwmctivity is proporticnal to the derivative of N

with respect to tinme, e( % o), and at t < 106 years,

ot
e & 21, and }b -2 —'Xb. then Equation 3.9 becomes with

rearrangement
_ o “Apt o~ bt (3.10)
AN, =N, Q e ) o+ abNb
Rearranging further
o
AN AN -
SRLe bg-le%t»fl (3.11)
2% An
aa
where N ]
%Q—E- = the activity ratio of 23l"U:238U at time t
aNa
% N°
—-"—% = the activity ratio of 20*U:23%U at time t =
AN
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Substituting Eguation 3.3 in¢s 3.10

an 2 At
c _ o] _ -*pt 20 b
el Ach = ]aNa (1 e )+ .lb"b e
(3.12)
Multiplying Equation 3.12 by élcb and simplifying
Act
a(N¥_ e"¢") A, L3
(o4 = a NO (ezct - e"’( b - &t)
at a a
AKC o~ Pb - At (3.13)
b'b
Integrating
An®
g et - 2z o Act 2 a (A - At _
¢ 2e 2 " A
AR
St o =%t | (314
T e
where
+0 -0
Ko _dago _ AE =Xy
A @ Xy - X

Multiplying Equation 3.14 by e~ ct and sinmplifying

oY ALY ~A RS
N, = ii Hg 1 - e—)ct) s 22 B0 (e 2ot - e-}Ct
2b - lt
(3.15)
Rearranging
\s — 1O "';\t __10____ —215 —’\ct

A, = )\ana{(l - g @ - R

A S
R I

}éha
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From Equation 3,10

(o]
SRS I

- )
A n° 2 w°
a a a a

Substituting the above in Equation 3.16 gives

AN A, - )t
i R . - R
2aNa Ay - 7‘c
a.x
(522 - 1) (3.17)
AN
a a
Since the radioactivity is proportional to the derivative of N
with respect to time, 'A_-f %{- oA, and at time t< 106 years,
N
2 e 1, then
X°
a
AN
< g = the activity ratio of 230Th:23811 at time t
qaNaL
8% 234 238
S = the activity ratio of U: U at time t
AN
a
Since }a = the decay constant of 238y
’xb = the decay constant of 2340
7‘c = the decay constant of 230’I’h
then Equation 3,17 becomnes
230 B VO A
R R I I e el
238U 230 234
234
o230 - 223001, (1 _ U)
238

U



Multiplying Equation 3,18 by

23.QTh =A'234U QG
234y 238,

238

234

U

e-()zso

Hence the relationship between the

Equation 3,19 assuming there is no

(Thompson 1973),

If nonradiogenic

71

- e—}230t) + _——2-&3_9_— (1 -
7‘230 - 1334

238,
~Pe34)ty (1 - ———‘1) (3.19)
234

various isotopes and time is
nonradiogenic thorium present .

thorium occurs, a correction

factor must be introduced tc compensate for the original thorium.

To derive this, let us assunie the same decay series, and further

let
230Th
r

221

232Th

232Th
o]

230
o}

Th

2230

Therefore

230
by

Th

the number

the number

the number

the number

the number

of radiogenic thoriur-230 atoms at time t

of all thorium=230 atoms at time t

of thorium-232 atoms at time t

of thorium-232 atoms at time £t = O

of thorium-230 atoms at time t = O,

or the number of nonradiogenic thorium-

230 atoms

the decay constant of thorium-230

230,
ZTh -

23

Oy,
[o]

(3.20)
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and from Equation 3,1

_ 230, s 2
2%m = ZoTh 232qy ~T2s0t (3.21)
232
2
Therefore
230
2 —? z
230m, = 230, - _ofh 232q -%2z0t (3.22)
r z 232
Th
(o]
where 232Th .
553 = the equilibrium activity ratic of “-UTh:Z22Th THR
Th ,
(o}

Substituting Ejquation 3,22 into Equation 3.19 gives the equation

for the correction

230
Th Th 2 234 A
- 230 U _ 230
et THR w5 —e *EB, (L -e 230%) 4 3T .
U , . 230 ~ 23
- t _ t 238
x (1 - o~C 230 234%)y 1_.2_3111
U (3.23)

There is no solution to either Bquation 319 or equation 3,23, be-
cause both are transcendental. Therefore, a solution must be de-
rived by either iteration using a computer, or graphic techniques,

Figure 2,8 shows the relationship between the 234U/238U and 230Th/

234U ratios over time, Using this graph, a graphic solution for

the age can be determined, assuming there were insignificant amounts
of detrital 2°2Th, If 2°°Th was present, the solution must be
derived from iteration. When the date is computed by the dating

program, the age will be corrected for 232Th if the 230Th/232Th

L
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ratio is less than 25. Although this choice is somewhat arbitrary,
for ratios greater than 25, the age is changed by less than its
assocated 16 error. Below 25, the correction can become very large,
particularly if the amount of uranium in the sample is mmall,

The error, ¢, mentioned ab§ve is computed from Poisson
statistics, i.e. & = (N, where H is the number of counts; therefore,
the larger the number of counts the smaller the error. The errors
in the activity ratios are calculated from the count rate and the
countaing time for both the sample disc and a blank disc (background
measurement). These errors are then used to calculate the upper
and lower limits for the age in Egquation 3.19 or 3.23. The upgper
error for the age is always slightly larger than the lower error,

because the decay is exponential. not linear,
3.3 Celibration of the Method

In order to ensurc the accuracy of the method, it is neces-

ck
(o]
(¢}

sary zlibrzte the eqguipment reguarly. DBecause radicactive con-
taminaticn is zlways 1possible, even when the utmost care 1is taken,
analyticael checks are also reguired.

Aprroximately orce a month, a blank disc, i.e. one which
has had neither urznium nor therium plated on it, is counted on
each of the o counters for the normal counting period., Counting
;roximetion of the background radizticn on

thiz disc gives &

s}

=
0

s

e

the detector which would be reccrding during any normal counting
procecdure in addition to that of the uranium- or thoriur-bearing

disc. Dbackground rcdiztion is the resuli of stray recoiled nuclei
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which have stuck to the detector and the housing chamber during
normal counting., This amount, termed the "background", varies
with the age of the detector, from as low as 0,01 for a new detec-
tor up to0,1 counts/minute/35-channel-pezk for a detector almost
ready for retirement, For each of the isotope peaks, then, the
background is subtracted to reflect the true count rates before
any further calculations are performed.

Every six months to a year, a standard speleothem of
known age is analyzed. Since this spelothem has been dated by
the uranium-thorium method several times, and perhaps by other
methods as well, this procedure acts as an indicator of the
aﬁcuracy with which any given analyst is working.

Periodically a reagent blank is analyzed with and without
spike to test for possible contamination. Although some contami-
nations from the reagents used is impossible to avoid, since all
reagents contain minute traces of most elements including uranium
and thorium, these analyses determine the level of contamination,
The average level is then automatically subtracted from the isotopic
count rates in the computer program.

All the numerical constants used in the calculations, such
as the spike activity ratio and the counter calibration factor,
are checked annually, unless it is suspected that there has been
a change in these values. Under normal conditions, these are con-
stants and will vary only if the spike's equilibrium or concent-

ration has been changed, in the case of the spike constants, or if
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the counter geometry has been changed, in the case of the counter-
related constants, While the latter only affect the yields, a

change in the spike constants can produce an erroneous age. If

the spike activity ratio should change, the 230Th/234'U ratio will

also change because

230Th 230Th R3 (3.28)
= 3 b4 x spike ratio 362
235y 228, 23%;

A change of 10% in the spike ratio for a sample in the 250 Ka
range could result in change of as much as 150 Ka in the age

derived,
3.4 The Application of the Method to Archeology

In order for an archeological site to be dated using the
U/Th method, it must contain speleothem in stratigraphic context
with the areheological material., Fortunately, sinne hominids in-
vaded the northern latitudes, they-have been predisposed to camp
in caves, protected from the elements. Luckily, many of these caves
contain speleothens,

Under ideal conditions, the artefacts are embedded in the
calcite, ensuring the date obtained will be a minimum age for the
artefacts. More frequently, however, the occupation levels are
found interbedded with, or laterally related to the speleothem,
Figure 3.5 shows several possikle relationships between the spele-
othem and the artefacts. Planchers and stalagmites above or below
the material may provide a post- or ante-quem date for the material.

Pieces of stalagmites, stalactites and flowstone which are broken



Figure 3,5

The relationship between travertine and sediments

in archeological cave sites:

8.

b.
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d.

€.
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t =

Travertine enclosing artefacts or bones
Artefacts intercalated with the travertine.
Periodic deposition at one or more points

on the cave floor,

Broken fragments of travertine as course
detritus in the sediment

Wall and ceiling deposits or travertine
partially interfingering with sediments
Travertine filling interstices between course
eboulis.

Abri with collapse breccia from roof which may
contain roof-deposited stalactites, etc.

travertine

(after Schwarc%, 1980),
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in the sediment may provide a post-quem date. .Soda straw stalactites
will prove to be the most useful because they grew for so short

a period before being broken off. Calcite concretions in the sedi-
ments, if not a ;esult'of water penetration, provide ante-guem dates
for the sediments. Breccia, cemented calcite eboulis, may be datable
if the cement can be separated from the allogenic component. The
date would be an ante-quem date. »

The speleothem collected for analysis must be of good qua-
lity, having undergone no secondary mineralization, particularly
phosphatization, ©Nor should the calcite be near any phosphatic
deposits, such as bone, since any phosphates present will cause
problems with the method outlined in Chapter 3.1 (Ku, 1976). Also
10 be avoided is partially redissolved calcite, which may have had
the uranium leached out. Finally the sample should be clean, i.e.
free of detritus, and well crystalized, not the "chalky" or "muddy"
deposits characteristic of cave entrances. Unfortunately, for
sites of human occupation, such is rarely the state 6f any spele-
othem present., Because it is a human occupation site, phosphates
will almost certainly be present, either in the form of bone, hy-
droxyapatite, Ca3(P04)2-CaC03, teeth, or other organically produced
phosphates, along with large amounts of detritus, resulting from
both the proximity of the occupation levels to the cave mouths,
and human activity.

After removing the best sections possible for analysis,
the speleothems are dated according to the method described in

Chapter 3.1, unless previous analyses have indicated the method
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may be unsuccessful, necessitating roasting the sample first as
described in Chapter 3.1l.1, Following counting.of the sample,
and computation of the data, including the age, chemical yields,
various isotope ratios, and concentrations, a decision must be
made as to the acceptability of the date. Figure 3.6 shows a
typical computer printout, The age dating program is listed in
the appendix, along with the program which averages dates for
several samples from the same speleothem or plancher,

If the chemical yields zre less than 10% for either uranium
or thorium, the date obtained is suspect. Not only does the
computed date have a large error associated with it, such low
yields raise serious doubts about the veracity of the method undef
such conditions. 1In the archeological applications, however,
¥ields are often low, as discussed above, Therefore, dates will
be listed if the yields are less than'lo% but must be regarded

as highly guestionable, until confirmed by other methods or bet-

ter analyses. Furthermore, before any date is accepted as fact,
the results musi be consistent with other data obtained on the
csame or related material, in particular, the concentrations of
uranium and thorium, the date, and the 234U/ 238U activity ratio,
Throughout any speleothem or plancher, these parameters should re-
main constant, In areas of active deposition, however, they may
vary considerably, although for any one lamination, or growth
horizon, they should not vary by more than one 6, Therefore,

it is necessary to date one sample at least twice, or to date

associated samples for confirmation., If, after several attempts,
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A typical computer printout



SAMPLE 7&8MGS=-3 , TRA42A DATE 7910417
 WEIGHT OF SAMPLE 78MGO=3 IS 38.6 G

SPIKE

VOLUME USED1 U = 1.08 ¥l

SPIKE RATIO! U= 1,027

0=238 ACTIVITY: U = 22,7

DELAYS

FROM SEPARATICN TGO COUNTING OF THORIUM = G, DAYS

FROM PLATIMG TO COUNTIMNG OF THORIUM = 1904, MIN

COUNT TIMES AMD CCUNTER ACTIVITY OF 1 ML OF U=232 SPIKE
RAW DATAS U = 1402, MIN TH = 1253, MIN
BACKGEOUNDE U = 2317. MIN TH = 1817, MIN
ACTIVITY? U = 4,10 CPM TH = 5,08 CPNM
TS ETI SIS ST FEFEEY

RAW DATA

U=238 = 541 CPM TH=232 =  .090 GFM
U-234 = .576 CFM THe230 = L,943 CPM
U=232 = 1,369 (CPM TH=228 = 2,249 CFM
BEBIYPBILS PR ERERYEREEE

BACKGROUND

U=238 =  ,004 CPW™ TH=232 = 048 GPN
U=234 = o005 CFM™ TH=230 = ,054 CPN
U=232 =  ,048 CFM TH=228 = o073 CPM
BIBEESELRS R FIXERYEeEN

CORRECTED DATA

U=238 = 525  ,020 CFPM TH=232 = o042 <0410 CPM .
U=-234 = .55 024 CPM TH=230 = o,889 028 CPM |
U=232 = 1,320 032 CPM TH=228 = 2,118 o042 CPM |
AEFILBBPEFEENELREP S

URAMIUM=238 CONCENTRATION = <28  PFM

THORTUM=232 COMNCENTRATION = +04  PPM

CHEMICAL YIELD OF URANIUM = 32,20  FERGCENT

CHEMICAL YTELO OF THCRIUM = &41.26  PERCENT

FEFTE TSP T YT T TRy

ISOTOPE RATIO ERROR

U=2347U=238 = 14042 <060

(U=23470=23£) 0= 1,071 o110

TH=230/U=234 = <837 . 052

TH=230/TH=232 = 21,167 5¢3

+ 39600,

THOPTUM AGE =186600, S8 YEARS

AGE CALCULATED USING THORIUM CORSECTION

CORSECTZD AT INITIAL THORIUM RATIO, P = 1,25000

+ 28200,
UNCORRECTED =191800. YEARS

- BL00,

o
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there is no agreement, then no age can be assigned.

After verifying the date statistically, correlations of
the dates within the calcite body must be made, followed by corre-
lation .of these with the archeological material., Often, an en-
tirely ridiculous age, which otherwise seems to be perfectly ac-
ceptable, must be abandoned at this juncturq. For example, a
date of 250,000 years for a plancher ovexrlying Bronze Age naterials
would be ludicrous, On the other hand, some dates may require
reinterpretations of the archeological precepts. What further
correlations can be made at this jJuncture are entirely dependent
upon the archeological material,

If there is sufficient material present, correlations
between different sites, possibly even different regions may be

possible, The entirs rrocess is diagrammed in Figure 3.7.
3,5 Limitations of the Method

In order to date actual samples, all of the radiometric
dating methods require certain asszumptions to be made, many of
which assume, perhaps, too much when applied to the particular
problems of archeological dating using the U/Th method. Some of
the assumptions necessary are listed below,

1. The decay constants,')i, have not changed with tine.
2e¢ The system has been closed since depostion of the calcite,

i.e, there has been neither addition or deletioh of any

uranium or thorium isotope or its daughters except due to

radiocactive decay,



Figure 3.7

A flowchart for the archeological application

of U/Th dating
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3« Uranium is present’ in sufficiently large amouats

to make the method applicable with a short period of

counting,

230 232

4, The initial Th/“““Th activity ratio, and hence the
initial amount of nonradiogenic thorium, can be deter-.
mined to.allow the proper corrections to be made, if
thorium was initially present in the calcite,

5. The time since deposition is less than 350 Xa.

6., Contamination of the sample by reagents, oﬁher samples,
or other radiochemcial impurities can be kept to a mini-
murn,

7. The sample is pure, or almost pure, calcium carbonate,
to ensure that proper chemical reactions can occur in the
analysis,

There is one final assumption, which, although not integral to the

method itself, is important when applyipg the method to archeo-

logical materizl.

8. The artefacts associated with the calcite are contemporaneous,
or almost contemporaneous with the time of deposition.
While some of the above assumptions are easily verified,

and therefore, present no problems with regard to the validity of

the method as applied to archeological sites, others are less
easily resolved,
The decay constant of any radioactive element depends, a-

mong other things, on the strength of the earth's gravitational

field, which is proportional to the gravitational constant, If



86

this constant has varied with time, the equations given above must
be altered to show the variable decay parameters, This, however,
would affect all the radiometric methods.

If the concentration of uranium in the sample is greater
than 1 ppm, then uncpntaminated samples can be dated by the Pa/U
method (¥Ku, 1976) to test for concordance of the dates obtained
by the ¥/Th method. Contaminated samples, however, cannot be dated
by Pa/U because the initial 231Pa activity can not be estimated
like that of 230Th. Discordancy of the dates from the two methods,
may indicate that the system has not been closed to radioisotopes.
Thoiium, however, is more immobile than protactinium; therefore,
the U/Th date need not be incorrect. Unfortunately, the Pa/U method
is limited to samples younger than 250 Ka. Similar concordancy
tests for very young deposits can be made using IAC, although the
travertine itself can not be dated by IAC, since its initial lqb
activity is invariably less than mo&ern atmospheric levels (see
Chapter 4.6.1). Other indicators of open system behavior are:

1. Variation of the uranium concentration or 234"0/23813

ratio within one layer.

2. A decrease in 234U correlated with the change in the
concentration, due to preferential leaching of 234U.

This can occur only in older calcites (t» 150 Ka),
234

where a significant number of the U atoms are in

sites around which the crystal lattice has been dama-

234

ged by otdecay (i.e. the U is radiogenic, having

decayed since the calcite was formed).
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230Th/234U

3. Gross variation in the ratio from layer to

layer to layer, not correlated with the changes in

230Tq/232

Th, which can not be attributed to changes

in the age.

4, Visible changes in the crystal morphology as a re-—
sult of secondary growth, recrystallization, or dissolu-
tion,

a. Secondary growth can be detected as sméll sparry
crystals which grow radially into cavities and pores
in the speleothem,

b. Recrystallization may be detected by the presence
of relict grains or growth layers. Theses are maf-
ked by small linear inclusions of detritus, which
surround the original grain, or are aligned along
the original growth boundary (Kendall and Broughton,
1979).

c. Dissolution will produce rounded pores and possibly
connected pores. Sharply angular pores are the
produact of normal speleothem growth,

None of these is a - cuncern if the change occurred pene-

contemporaneously with the deposition of the speleothem.

If, however, it occurred at some later time as the result

of percolating solutions, the isotopes may have been mobi-

lized.
Although none of these-methcds is perfect, the majority of open

system behaviour should be detected using one or a combination,
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Although it is rare for a speleothem not to contain some
uranium, a preliminary chemical or neutron activation analysis
will reveal if enough is present, at least 0{5‘ppm, to allow a
sufficiently short counting period,

In making the correction for initial nonradiogenic thoriunm,

230 232

the initizal ratio, Th/ Thimust be assumed. Various authors

have reported different values for this ratio, ranging from

0.5 to 1,7 (Thompson, 1974; Ku et al., 1979; Schwarcz et al.,

1978; Schwarcz, 1979), but the most common ratio assumed is
l.5. In some instances where there have been sufficient analyses

done for a given sample, or set of closely related samples, it is

230 232 234

possible to plot the ratios of 22°Th/23*y against 252Th/

assuming the age to be constant, to produce the value of the ini-

2501n/2321h ratio, the slope of the line. 'his method could

tial Th/
not be applied herein,.because no sample had sufficient results,
Another method, proposed by Schwarcz -(1979), assumes that
only two components are present contributing isotopes to the sample,
a detrital one, and a calcite one. Both components contribute all
232

isotopes, except for Th which arises purely from the detrital

component., Therefore,

i _ ]C -
where i = the isotope under consideration

k = the number of the analysis

Q
i1

the count rate (dpm/g)
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M
"

the total sample' -

W

il

the weight fraction of either the detrital or
or calcite component -
d = the detrital component

¢ = the calcite component

Cc
(3.27)

From:the assumption above,

Therefore, 23§C2/232C

k'q = d

Substituting in Eguation 3.25

i. _ i 232 i .
kQE = “~a kQa + &c , 1 £ 232

i i
c, - Y,
535
Ca

where a =

Plotting the wvalues of the various count rates for the various
isotopes in each analysis will result in a2 solution for iCc,
following which the age can be computed as described in Chapter
3.2, The chemical method described in Chapter 3.1 does not libe~-
rate all the detrital isotopes from the detrital phase, as this
correction must assume to have happened. Therefore, it
was not applied herein,

If, in the calculation of the date, an age greater than
350,000 years is produced, the computer automatically rejects the
date, although the lower age limit is computed, if it is less
than 350,000 years., Should subsequent attempts give similar re-

sults, the sample is assigned the age " > 350.0 ka".



Proper laboratory procedures, including cleaning all
glassware with 9¥ HC1l (aq), following prolonged immersion in a
dilute 2dua regia acid bath, in addition to using chemicals
free from radiocadtive trace elements for preparation of stock
solutions, should keep contamination to a minimum, as frequent
reagent blank tests have shown to be the case.

The major problem encountered in the archeological samples
is their impurity: many minerals, other than calcite, are present
in the samples, With such samples, the problem of detrital thorium
is compounded by the crystallographic behaviour of the contamina-
ting minerals with regard to urenium and thorium, In particular,
phosphates will cause serious difficulties. with the chemical
analysis, not to mention the theoretical problems of possible re-
solution, reprecipitation, etc, but phosphates, by the very nature
of the study, are extremely likely within the sediments. Surficial
detritus poses no great threat and is removed prior to the initiél
discsolution of the sample, Intercrystalline detritus, however,
may be partially leached during the initial dissolution. Unfor-
tunately, this is impossible to test. At present, intercrystalline
detritus is collected by filtration, but is not analyzed in ény
manner, although many samples have totally lost either uranium or
thorium or occasionally both, during the sanalysis, thereby resul-
ting in no age being derivable for the sample. Presumably, the
detritus is responsible for this loss. Roasting, as noted above

did eliminate this proolem for some samples,
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When tools are embedded in a deposit, it is not absolute
proof that the tools sctually revresent a culﬁural norizon, In-
cluded in the alternate possibilities for their location are:

1, transportation from its primary source by flood waters
long after its original manufacture
2, human transportation through curiesity or secondary use
by later cultural groups
3, transporation by slumping of the sediments into a puits
or as a élump block (i.e. Montgaudier)
4, inclusion in an obviously older cultural level by human
burial
5. disturbance of the sediments by cryo- or bioturbation
and many more, If the tool is not embedded in the actual deposit,
but is found at what it is felt fo be contemporansous level else-
where in the cave, often not traceable due to poor excavation
techniques of - the past, the argument for the applicability of
the date becomes less convineing still. If, however, a complete
occupation site is found in an obviously unintgrrupted depoe
sitional sequence interbedded with speleothem deposits, as at La-
chaise, the date should prove to be very accurate, providing the
other seven conditions are met, Usually, this is not the case,
as shown in Figure 53.,5. Then the date may only be a post-—quem
or ante-quem estimate, as discussed above. If post-manufactural
transport is apparent, then the date is that of the final move-
ment which sets an upper 1limit on the datg of their manufacture,

Since few dating methods apply to the period, any date even one
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with a large assocated error, is better than none, given that
the limitations of the application of the date are well known
and understood by any who might subsequently use the date.
Such is rarely the case among archeologists who often have a

poor understanding of geochemistry,
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ARCHEOLOGICAL METHODS

Because there is no radiometric dating method, other than

the U/Th method, which can be used in the French cave sites,
archeologists have resortea to other methods in order to date
the cave deposits., In France, where these methods are the most
refined, an archeological investigation always includes a
paleontologist, a palynologist, and a sedimentologist, in addi-
tion to the archeologists., With the data collected,. these
specialists attempt to reconstruct the paleoclimatology of the
site? by studying the global granulometry, alteration and dise
solution effects, porosity, concretions, pH, and calcimetry

of the sediments, in addition to the pollen, faunal, and archeo-
logical analyses, After this is accomplished, relative dates

are assigned using the climatic data;
4,1 Sedimentology

Before the sedimentological analyses in the laboratory
are begun, the stratigraphy must be carefully established using
the criteria of colour, texture, sediment type, and sometimes
the archeological contents, After the stratigraphy is defined,
a diagram of the wall of the cut is profiled,carefully noting

the position of the . layers, the large éboulis, and the samples
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for sedimentological and pollen analyses. WYeighing from 500 granms
to several kilograms, depending on the amount of &boulis contained
therein, each sedimentological sample corresponds to at least
one, if not several, pollen samples, all taken simultaneously.

Figure 4,1 summarizes the sedimentological analysis,

4,1,1 Global Granulometry

After removing the cobbles larger than 100 mm and the ar-
tefacts from the sediment sample, it is seived into four fractions,
cized 10 = 100 mmy, 5 = 10 mm, 2 - 5 mm, and less than 2 mm, A
global granulometry diagram for the section is then constructed
by placing the cumulated weight percentages of each fraction on
the abscissa and the poéition in the section on the ordinate,
Usually, on this diagram, as shown in Figure 4.2, the two mid-range
fractions are grouped together to form the fraction 2 - 10 mm,

In periods when frost action is a dominant climatic feature,
the sediment will reflect this by containing a higher percentage |
of coarse elements detached from the roof and walls by the repeated

freezing and thawing (Bordes, 1972).

4,1,2 Element Separation

Both the large and medium fraction are separated by hand
into five different types:

1, Calcareous elerments: gboulis, calcite sand

2. Illuvial concretions

3. Pebbles with calcareous concretions

4, wp" concretions (wall concretions)



Figure 4,1

The analysis of cave sediments (translated from

Deberath, 1974)
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Figure 4,2
Granolometry of Pecch de 1tAze I, upper levels:
1. Global granulometry vs. depth in the

section
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(after Laville, 1975)
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5« Other elements
As before, weisht percentages of each type are compared with the
weight of the total sample and the fraction under consideration
in order to construct a graph similar to that constructed for the
global granulometry above, The significance of these elements

will be discussed below.

4,1,3 Granulometry of the Pebbles

A1l of the elements of types 1 to &4 above sized between
10 znd 100 mm are divided into nine size classes according to the
largest dimension, class 1 ranging 10 to 20 mm, and so on to class
9,90 to 100 mm, As for the global granulometry, a cumulative graph
is constructed, as showﬁ in Figure 4.,2. A ‘higher percentage of the
larger size classes implies more inteunsive frost action,. as occurs

during glacial maxima, .

4,1,4 Morphoscopy

All the elements, except the fines, are analyzed morpho-
scopically to determine the importance of frost and humidity in
the cvolution of the sediments,
4,1.4,1 The Effects of Frost

Plaquecttes are frost-removed slabsgy originally part of the
wall rock,whichhave angular edges and one unweathered face, thatwas
originally within the wall; as in Figure 4.3A. These are weighed
and compared with the weight of the normal vpolyhedral éboulis,

Although a higher percentage of plaquettes indicates intensive



Figure 4,3

Plaquettes found in cave sediments:
A, A plaquette showing the different
faces:
1. the face originally part of the
interior of the wall
2. the face originally forming part
of the outside face of the wall

B. Stalactites growing on a plaquette

(after Laville, 1975)
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Figure 4.4

Percentage of plaquettes vs, Depth, Pech
de 1'Az€ I, upper levels (after Laville,

1973)
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frost action, these may be modified by cryoturbation or altered
chemically. Therefore, the sediments may appear to have been formed
under mild conditions, rather than the harsh conditions (Bordes, 1972).
Frost-cracked and frost-fissured pebbles (Figure 4,5) form
from frost action, resulting in a higher percentage of these types

in sediments formed during colder periods (Bordes, 1972).

4,1,4.2 The Effects of Humidity

Humidity in the cave can result in alteration of the ele-
ments, blunting of the edges, corrosion, or the formation of con-
cretions on the pebbles,

To determine the degree of alteration which the sediments
have undergone, the medium and large fractions are divided by hand
into four groups:

1. Not altered

2 Slightlylaltered

3. Altered

4, Very altered
Each group is converted to a weight percentage of the total sedi-
ment size group under consideration, which is then used to calcu-
late an alteration index A.I,, thus:

A

Group 4 x 1

/,

B Group 3 x %

i

C = Group 2 x 1/3

Y

Groupr 1 x O

AJJ.o = A+B+Ca4+0D (4.1)



Figure 4,5

Pebbles effected by frost action:
1, Frost cracked block, Pech de 1vazé
I, couche 7 (2/3 natural size)
2+ Frost cracked block, Combe~Cullier,
couche 13, (2/3 natural size)
3« Frost fissured block, Flageolet II,
couche V, (natural size)

(after Laville, 1975)
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Varying from O to 100, the index indicates more humid conditions
for the formation of the sediments if the index for those layers
is relatively greater than for other layers.

Blunting of the pebble edges by humidity is determined in
a similar manner to the alteration index above, with the sediments
being grouped into the folowing groups:

1, Not blunted; all edges are fresh and sharp,

2. Slightly blunted; some edges are partially blunted or

worn,

3+ Blunted; all edges are worn but the original shape of

the pebble is still discernable.

4, Very blunted; the pebble too rounded to allow recog-

nition of the original shape,
Figure 4,6 shows the reference scale for these groups. Calculated
using the same formula as that for the alteration index (4.1), the
bluntness index, B.I. is difficult to interpret unless combined
with the porosity measurements, Although both cryoturbation and
humidity can cause an increase in the bluntness, only humidity will
cause a concomitant increase in the porosity of the sedinments.

In order to determine the porosity, a given standard
weight of sediment is dried, weighed, and then placed in water for
a standard tire, usually one day, and reweighed. Porosity is de-
fined as the difference in weight compared with the dry weight:

A weight

o= dry weight (42)



Figure 4.6

The bluntness index references:
1. Not blunted )
2., Slightly blunted
3+ Blunted
4, Very blunted

(after Laville, 1975)
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When both the porosity and the bluntness index are plotted vs.
depth, as in Figure 4,7, parallel trends in the two indicate a
damp climate for the formation of the sediment, while opposite
trends indicate an increase in cryoturbation due to colder condi-
tions (Debenath, 1974)., Figure 4,8 shows pebbles blunted by both
humiidity arnd cryoturbation, in addition to corroded pebbles, those
with pits, cavities, or alveoli on their surfaces,

When the cave is damp, "s" type, soil or illuvial concre-
tions can be formed not in the - uppermost layer, but in those at
depth, where calcite is precipitated in cavities in the soil,
Because some of the calcite was originally part of the walls that
was dissolved by the dampness, these concretions are unsuitable |
for dating for several rezsonss:

1, They are not contemporaneous with the formation of the

sediment, but post-date it.

2. Being formed within the soil, they may contain high
concentrations of detrital thorium contaminants,

3. If sufficient water is moving through the soil, it
may be transporting small bits of undissolved wallrock
containing isotopes in equilibrium, thereby biasing

any date obtained,
Soil breccias, coommon to many caves, form in this manner. Figure
4,9 shows different types of soil concretions, all easily distin-
guished from travertine deposits. Therefore, illuvial concretions in

a layer, Fy nmay be the result of a damp climate at the time of the



Figure 4.7

Effects of humidity on cave sediments
1, Bluntness index vs. Dépth,
pebbles 20 = 50 mm, Pech de 1'Az&
1I, sector 1l
2, Porosity vs. Depth, pebbles
20 = 50 mm, Pech de 1'Az& II,
sector 1

(after Leville, 1975)



&y

&
T
e

L
+
+ T

o 0920209%% 020259029 6962090
0903090905090903050909050505050905090909) 16090302020%65090%00%0%0  2020209¢
02020202020202026202626202026202020%0% 1209202020%02090202090%0%0 9690209¢

02020202026262026202020262026202626%0%0 02062020262020202020%0202  ©2026%

0202026202020262026202620262620262620% 3262020902096%2020%02090%  9620%09¢

2062020%02026020262020962020202626202620%62 0% 120202020%09620%020%0%0%0 9626909¢
09020209020626202620202090%6%62%0%0 0%¢ 209090 o 020

80500030905050305090969030305030%090%030

0 00,000, 0.0.0,0 00,00
O,0- 00,0~ 000,000,000, 00,00 O~RO0AC DA0A050-0- 00000000 Q- 0-0:C
0-0 OA0 OO0 00,000 0-0-0- 000000 0-070-0070-0-0 0 0000000 0 000 QL0~0:0
22902092202020202220205020202020262020202920202020202020%0%020%0¢ 2020202026202620202020%0_ 0%a2a9a¢
‘ RSt
- At - < a
MW ol - Jg 3¢ « nﬂ A“ d m“ 4 b - s 2 © o
~ f 8 O T T T

1

20 40 60 80 1000

0



Figure

4,8

Pebbles affected by humidity and cryoturbation:

1.

2e

Je

(after

Pebbies blunted by dissolution,

Pech de 1t4zé II, couche 8, (2x
natural size)

Pebbles blunted by cryoturbation,
Combe~Grenal, couche 50, (natural
size)

Pebbles broken by cryoturbation,
showing pseudo-retouch, thick alternate
type, le Moustier, abri superijeur
(natural gize)

Corroded;pébbles, Combe-Grenal, couche

504, (natural size)

Laville, 1975)
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Figure 4,9

Illuvial concretions in cave sediments:
1. A pebhle aggregate ceﬁented with
calcite, le Moustier, abri inferieur,
couche D,(natural size)
2. Aggregates of gravel and sand cemented
by calcite, Pech de 114z€ I, couche 11,
(natural size)
3s Tubular concretions filling gaps in the
sediments, Abri Caminade East (2x natural
size) y
4, "CabbageiFlowers", illuvial concretions,

Combe=Cillier, couche 10 (natural size)

(after Laville, i975)
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formation of ecouche C, three couches above, while when F was formed
it was relatively dry,

"P" type, paroi or wall, concretions, on the other hand, are
formed prior to the formation of the sediment in which they are
found., Having formed on the walls, and ceiling of the cave, as
stalactites for example, during damp periods, these will fall to
the floor when frost occurs. Although this may occur penecontem-
poraneously, resulting in small concretions, including perhaps
"soda straw" stalactites, more frequently, the concretions are
much larger, often plaquettes, which predate the formation of
the sediment, Therefore, wall concretions are also not suitable
for use in U/Th dating, with the possible exception of "soda . |
straws" (Schwarcz, pers. comm,), unless the purpose is only to
establish a lower limit for the age of the sediment, Furthermore,
wall concretions in the couche do not imply damp conditions at the
time, but instead,relatively intense frost action. A stalagmitic
vlancher, however, does indicate a very damp period at the time
of formation of the sediment: in fact, probably the floor was con-

tinually covered by a thin film of water.

4,1.5 Fines Analysis

In order to determine the degrees of weathering and the
size distribution of the fines, this fraction is analyzed differ-
ently from the medium and large fractions. Before nay other ana-
lysis is tegun, all the organics in half the zample are destroyed.

b; treatment with hot hydrogen peroxide, H202.
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4,1.5.1 Calcimetry

The difference in the weight of the fine fraction before
and after treatment with cold hydrochloric acid, HC1l (aq), equals
weight of the calcite dissolved by the acid. As before, a compa-
rison between several couches, as in Figure 4.10, reveals the de~
gree of weathering which various couches have undergone, with the
well-weathered layers having relatively less carbonate (Debenath,

1974).

4,1,5.2 Granulomstry and Densitometry

To determine the size distribution of the fines, both the
decalcified and normal samples, the particles from 0,05 to 2 mm
afe $eived, while those less than 0,05 mm are sized by sedimenta-
tion techniques employing Stoke's Law. (See Blatt et al., 1980,
59-66, for an excellent discussion of the theory and methods invol-
ved) From cumulative graphs, constructed as before (see Figure
4,11), weathered sediments are conspicuous, because both graphs
will appear similar, whereas unweathered sediments show different

size distributions (Debenath, 1974).

4,1,5,3 pH of the Fines

After a sample of the fines has sat in distilled water
for 24 hours, the pH is measured, while another sample, having sat
in normal potassium chloride, KCl, for 24 hours alco has its pH
measured, The former measurement is refered to as the pH of the

sediment, while the latter is called the A& pH, shown in Figure 4,10,



Figure 4,10

Analysis of the fines:
1., Calcimetry of the fines vs, Depth,
Pech de 1%Azé II, sector 2
2. ApH vs. Depth, Pech de 1'Azé II,
sector 2

(after Laville, 1975)

-~



/3y

L o Lt

L E:%E%%%SE% D B

-~
U v o
T < %

2D

2Gy
2G3
4 Aq

N
< o . < )
e T 0w © ~ ~ ©

2E
2F

0.5

1.5

10 20 30 40 50 O

0



Figure 4,11

Granulometry and densitometry of the fines:

1. All fines

2. Decarbonated fines

Pech de 1'Az€ I, upper levels (after Laville,

1975)
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Weathering, particularly of the clays, can be detected by large

values for the apH.

4,1,5.4 Morphoscopy

Finally, the fines are examined under a binocular micro-
scope to determine the oripin of the sediments, especially the
sands, Frosting of the srains indicates eolian tramsport, sugges-

ting more desert-like conditions,

4,1.5.5 Other Methods
Severzl other methedsz, not routinely performed, can be
used, including X-ray diffractonetry, standard chemical and organic

analyses.

4,1,6 Sunmary

No sedimentological analysis is complete, however, without
the palynological, faunal, and archeological analyses, Although
the sediments give many clues about the climate, these conconmitant
analyses can confirm many of the conclusions drawn from the sedi-

ments,
4,2 Palynology

Because pollen and spores are resistznt to decay in some
sediments, they will he preserved for study aiter incorporation
into the strata, providing the second clue to the paleoclimatology

of the cave, Occasionally, it may be possible to identify an ex-

tinct pollen species which can set a lower limit on the age of the
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deposit, but this is rare. Most of the relative dating is done
after the paleoclimate has been established, rather than with
fossils or pollen,

To prepare the pollen samples, several of which correspond
to one sediment sample, it is washed, and treated with hydrochlo-
ric acid, HC1l (aq), to remove the carbonates. After seiving at
200 pm, the decarbonated sediment is suspended in Thoulet's solu-
tion, centrifuged, and filtered to remove the siliceous material
which is heavier than the pollen, Hydrofluoric acid, HF (aq), is
used to remove all traces of silica, following which the pollen
is washed, neutralized, and mounted for counting,

To determine the paleoclimate, the percentages of various
pollen types are computed. A higher percentage of tree or shrub
pollens implies damper conditions than a sample with a high per-
centage of grass pollens. Among the arboreal pollens, pines,
spruce, and firs indicate cold conditions, while elm, linden (bass-
wood), oak, maple, and ash require a warm temperate climate. Oak
and elm, in particular, suggest very mild temperature, but Pinus
sxveStris, Scotch pine, hints at subarctic conditions. Furthermore,
as the climate gets colder, there will be fewer trees, conmpared
with the percentage of grasses (Figure 4.12).

Unfortunately, contamination of the pollen samples is al-
ways possible as a result of several facters, including:

1. Biloturbation of the ssdiment layers causing mixing of

two different pollen suites,

2., Mixing of suites by cryoturbation, or other natural



Figure 4,12

The palynology of Combe-Grenal, couches

36 - 55 (after Bordes, 1972) -

\’.‘
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processes,
Unfortuantely, there is often no control over these problems. Al-
though a given site's pollen suite is largely a function of random
variables, such as wind directions, and microenvironment, when un-

contaminated palynology is a most reliable paleoclimate indicator.
4,3 Faunal Analysis

As with the pollen suifes, the fauna of Europe exverienced
relatively few extinctions during the middle and late Pleistocene,
although many did occur at the end of the Lower Fleistocene, the
Villefranchian, Unfortunately; there are few mammal lineages
éufficiently well-understood to act as index fossils for this
tine, the excepiions being the bears, rodents, and mammoths (Figure
4016). Figure 4,13 through 4,15 show some of the typical Pleisto-
cene fauna in Burope, while Table 4.1 lists the first appearances
and extinctions of many of the mammals, «

Of all the Pleistocene faunal extinctions, most occurred
in the northerly latitudes as the cliumate grew colder, Certain
of these extinctions in Zurope can be used to date the stratigraphic
levels in which species are found. For example, during the Mindel,

Dicerorhinus kirchbergensis (Merck's rhincerous) appeared, but

Ursus deninceri became extinct, while in the liindel/Riss, Ursus

speleus (cave bear) and Us arctos (brown bear) appear, but Mammu-

thus (lMammonteus) trozontherii (mammoth) became extinct (Hurten,

1968). Therefore, if one is lucky enough to find the right fossils

in the sediments, it may be possible to set limits on the age of



Figure 4,13

European mammal fauna during the Villefranchian;
scale preserves the relative size (after Flint,

1971)
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Figure 4,14

European mammal fauna from the Middle Pleistocene;
scale preserves the relative size (after Flint,

1971)
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Figure 4,15

Buropean mammal fauna from the Upper Pleistocenes
scale preserves the relative size (after Flint,

1971)
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Figure 4,16

Evolution of the elephants and bears during the

Quaternary (after Flint, 1971)
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Table 4,1 Chronology of the Pleistocene Mammals

Stratigraphic

Fauna {Chief Elements Only}

Most significant localities

Units of occutrence
Maly: San Agosting
France: La Fage, Lazaret,
Marmota marmota, Lagurus lagurus. Grimaldi
England:  Glutton Stratum in the
Last appearance: Dama clactoniana, Ursus thibetanus Tornewton Cave
. Hungary: Uppony |
% In_Middle and Western Europe, arctic_founa with; Mam- Polond: lowest Layers in Nieto-
3 —s ST SRS S g ¥R SO 8 perzowa and other caves
nuithus primig , C Wwa q is, Rungifer
tarandus, Alopex lagopus, Gulo gulo, Lesumus lemmus,
Drerostonyx torquatus, Microtus nivalis, Microtus gregalis,
Lagurus lagurus, Ochotona pusilla
Fust_appeurance: Dicerorhinus hemitoechus, Equus ger- Taly: Spessa [l
manicus, M S gig; Dama ¢ tana, Bos France:  Lunel- Viel
primigenius, Macaca sylvana, Hyaena hyaena, Felis sil- Engtand:  Swanscumbe, Gray's
vestris, Martes martes, Aonyx antiqua, Vuipes vulpes, Thurrock, Clactun, Hoxne
Ursus spelaeus, Ursus arctos, Oryctolagus cuniculus y: Heppenloch
£ | Last anpearance; M " h gonther-
T | ium cuvieri, Mimomys cantianus.
w
z In_Middle and Western Euwroupe. forest fauna with:
w Palaeoluxodon antiquus, Dicerorhinus kirchbergensis, Dama
[8] clactoniana, Bubalus murrensis.
of 2
~13
w | 2 First_appearance; Dicerorhinus kirchbergensis, Gulo gulo, Germany; Mosbach upper layers
; Mustela nivalis, Dicrostonyx turquatus. Cagny, Esteve Junison
i Tarko, Vertesszollos
a Last appearance; Dicerorhinus ewuscus, Equus mos~ ia; Koneprusy
bachensis, Megaloceros savini, Alces latifrons, Pragovibos
5 | priscus, Svergelia elissbethae, Macaca Horentina, Felis
% toscana, Ursus deningeri.
Arctic_ma Is appear in Middle_and Western Europe
{Rangifer, Ovibos, Gulo, Lemmus, Dicrostonyx}.
First Appearance; Palacoloxodon antiquus, Equus mos- England; Cromer Forest Bed
bachensis, Felis leo, Felis pardus, Pitymys gregaloides, Germany:  Voigstedt, Mauer
Microtus arvaloides. Austria;  Hundsheim
Czechoslovakia: Stranska Skala
Last appearance; Archidiskodon meridionalis, Dnma.
nestii, Hyaena perrieri, Felis lunensis, Gulo schlossert,
v Pannonictis phocaenica, Lutra simplicidens, Mimormys
€ | savini, Hypalugus brachygnathus.
3
ta_Mivdlg and Western _Europe, lorest_fauna with Hippopotanws
amphibius, Macaca florenting, numerous Cervids, etc.

Stratigraphic Fauna {Chief Elements Only) Most significant Jocalities
Units \ s of occurrence
Gulo schiosseri, Germaay; Maosbiach (lower layers)
Rangiter arandus, Pracovibos priscus, Ovibos moschatus, Siissenborn
Leavnus leinmus and aiso of: Maowputhus tiegontlierii, France: Valerots )
Equus sussenburnensis, Sus scrofa, Megataceros savini, lovakia:  Chlum 8
Capreahus coprevtus, Alces latifrans, Soergelia elisubethae, Nagyharsanyhegy 2
Bisun priscus, Crucuta trocuta, Hamottierium tatidens, F w:  Kamyk
Fehs parding, Meles meles, Aonyx bravardi, Lutrg sim- Houmania; Bettia
% Fré plicidens, Canis Jupus, Lycaun lycaunoidus, Ursus den- t 1; Nogaisk, Kair,
B | & | inyeri, Ursus thibetanus, Hystrix vinogradovi, Allophaiomys Chortkov .
2 phocaenicus, Arvicola terresteis
t appes ; Anancus arvernesis, Equus sissenbornen- .
sis, Myoena brevirosteis, Homutherium sainzelli, Acinonyx
parthieusis, Baranogale antijua, Enhydrictis ardea, Cuon
majort, Lycaon lycanoides, Vulpes alopecoides, Vulpes
proecorsse, Cellus primigenius, Lepus terracrubrae.
First appearance: Archidiskedon meridionalis, Equus Olivola
stenonis, Eyuus hydruntinus, Hippopotamis amphibius, Val ¢'Arno Superiore,
Duma nesti, Leptobus etruscus, Fehs lunensis, Canis arnen— -cffe
sis, Cuon majori, Citelius primigenius, Trogonthierium cuviert, France: Saint Vallier, Senéze
Lugurus pennonicus, Lepus tertacrubrae, Ha Tegelen
Hungary: Beremend 1, Villany 6
Last_gppearance; Tapirus arvernesis, Equus stenonis, Equus
§ bressanus, Sus strozzi, Cervus perriers, Cervus etuerarium, Pal 4 nd: Kadzielnia
: 'DD Alces gallicus, Gazella burbonica, Deperetia ardea, Lepiobos Soviet Unian; Chapry, Sinala
w elatus, Leptobos etruscus, Dulichopithecus arvernensis, Eury~ Balka
o buas tunensis, Megantereon megontercon, Felis issiodurensis,
o - Canis etruscus, Nyctereutes megamastoides, Ursus etruscus,
- § Hystrix refossa, Dolamys nulleri, Otyctolagus tacosti.
wl3
wilg
21s
& E First appearance; Dicerorhinus etruscus, Hipparion crussfunti, Villaroya
B Equus bressanus, Cervis perrieri, Alces gallicus, Lepiubos Villatranca d‘Asti
; elatus, Gazella borbunice, Deperatia ardea, Macuca florenting, Vialette, M1, Perrier,
Dotichopithecus arvernensis, Hyaena pereieri, Euryboas lunen-
sis, Ursus etruscus, Megontereon megantereon, Homotherium Englan Red Crag
| saineelh, Fehs assiodorensis, Felis toscana, Acinonyx pardinen- Czechoslovakia: Hajnatka
2 | ws, Enhydrictis ardes, Aonyx bravardi, Cunis etruscus, Nycte- Malusteni, Bere¥ti,
8 | reutes snegamastoidus, Castor fiver, Hystrix refassa, Mimomys
pliocaenicus, Qryclolagus lucost, Stavropot
tast spnearance:  Zygulophudon borsoni, Dicerorhinus megar-
hinus, Sus arvernensis, Parailurus anglicus, Agriotheriuim insigne
" Anancus arvernesis, Zygolophodon borsoni, Dicerorhinus mega- | France: Montpellier, Roussilion,
w thanus, Hipporion ceassum, Tapirus arvernesis, Pliohyrax ocer- Sete, Nines
5 c dentalis, Parathucus anglicus, Ayriotherium ipsigne, Ursus v lvanovce
8 2 ruscinensis, Nyctercates sinensis, Triluphamys pyrenacus, Weze, Rebielice
=) -4 Stachioniys tolubodon, Mimuinys stehling, Godélle, Cssrnota
a
e




Stratigraphic
Units

Fauna (Chiel elements only)

Most significant locatities
of occurrence

HOLOCENE

First appearance; Bison bonasus, Apodemus agrarius and nu-
merous synanthropic and introduced mammals, e.g. Rattus
rattus, Hattus norvegicus, Mus musculus, Fiber zibethicus,
Nyctereutes procyonoides, Dama dama. '
Lust appearance: Megal i Bos pri

Equus gmelini, Myotragus balearicus, Prolagus sardus.

Arctic mammals (e.g. Rangifer tarandus) successively dis-
appear from Middle Europe replaced by forest species.

In the period of climatic optimum Bison bonasus appears
in Middle Europe and many other species {e.g. Myotis
bechsteini, Felis silvestris, Eliumys quercinus) extend

thear ranges beyomd their present northern limits.  With
the replacement of furest by arable fields sieppe mam-
mals {e.9. Apodemus agrarius, Cricetus cricetus) spread

to the West.  Many synanthropic and introduced mammals
appear in Europe.

Weichsel

Upper

First appearance: Saiga tatarica, Felis manul, Allactaga

juculus.

Last appearance: F antiquus, M
primigenius, Dicerorhinus kirchbergensis, Coelodonta an~
tiguitatis, Equus germanicus, Eguus hemionus, Hippo-
potamus amphibius, Dama dania, Ovibos moschatus,

Bison priscus, Crocuta crocula, Homotherium lalidens,
Fulis leo, Felis pardus, Aonyx antiqua, Cuon alpinus, Ursus
spelaeus, Microtus gregalis, Lagurus lagurus, Dicrostonyx
torquatus, Ochotona pusilla.

tn Middie and Western Europe arctic and steppe mamm-

als prevail: M. hus prirmigenius, antig-
uitatis, Ovibus moschiatus, Bison priscus, Rangifer tar-

andus, Felis leo, Crocuta crocuta, Ursus spelideus, Mus-

Leta nivalis, Dicrostonyx torquatus, Lemmus leminus, Mi—
cratus gregalis, Microtus veconomus, Ochutona pusilla,

Lepus timidus. In the time of the interstadials torest mamm-
als regain part of their areas in Middle Europe. Four par—
ticular places the succession of many tundra -, steppe-- anid forest
stages can be stuted n the compuasition of the mutnmatian
fauna,

Cave sediments, loess, peat bogs,
tiver and glacial sediments through-
out Europe, t0o numerous for 8
generat list

PLEISTOCENE

Eem

First appearance; Dama dama, Rupicapra rupicapra, Felis
lynx, Lutra lutra, Vulpes corsac, Uisus maritiunus, Hystrix
cristata, Lepus europaeus, Lepus timidus.

ast_appearance: Dicerorhinus hemitoechus, Hyaena hyaena

In_Middle and Western Europe, forest th: Palaeo-
loxodun antiquus, Dicerorhinus kirchbergensis, Hippopota-
mus amphibius, Cervus elaphus, Capreolus capreolus, Felis
chaus, Hystrix cristata elc,

(after Flint, 1971)

England: Hyaena Stratum in
Taornewton Cove

Germany; travertines of Cann-
statt and Tuubach
Czechoslovakia:  travertines of
Ganovee

Duep layers of cave sediments
throughout Europe
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a level,

45 before, however, the main purpose of the faunal analysis
is to determine the paleoclimétology for the sequence. During the
nid and upper Pleistocene in Burope, there existed several faunal
associations from different climatic and floral biomes (see Figure
4,17). As the climate fluctuated, so did the ranges of the animals,
While the arctic fauna was primarily a newly evolved one adapted
to the new climate, the others were groups of Pliocenes types, sone
of which had evolved (Flint, 1971). First recognized in Europe in
the Mindel, the arctic fauna conmprised Rangifer (reindeer), Ovi-

bus (muskox), Gulo (wolverine), Lemmus (lemmings), and Dicrostonyx

;(a rodent) which recurred in the Riss, having added Mammuthus pri-

nigenius (woolly mammoth), Coelodonta antiguitatis (woolly rhino),

and Alopex (arctic fox), and recurred again in the Wurm. Dicero-
1 (=] e —

rhinus, Danma (elk), Cervus (deer), Macaca (macaque monkeys),

Bison, Hivpopotamus, Paleoloxodon (straight-tusked elephant), and

Lynx could be found among the forest (interglacial) fauna, During
the Wurm, the faunal changes can be noted during the shift from
glacial to interstadial as the arctic fauna was slowly replaced

by the steppic fauna, including Capra ibex, Equus (horse), Lepto-

bos (cattle), Bubalus (oxen), Felis (lion, panther), Hyaena, and
Crocuta (hyena), to be followed by the true forest species., From
the faunal assemblage, it should be possible to assign the couche

to a paleoclimatic tyve, which then must be given a relative date,



Figure 4,17

European bioherms during the Upper Pleistocene
As the weather became warmer the tundra would
be replaced gradually by boreal forest and then
temperate forest, near the coasts, and by cold
steppe and then warm steppe inland. A4s the
weather became cooler the process was reversed

(after Flint, 1971).
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4,4 Interpreting the Paleoclimatological Data

in order to relatively date the sediments, the paleoclima-
tologicel data must be interpreted carefully. Although the pro-
cess seems something akin to divination, until recently, this
was the only method by which many of the sites could be dated.

Using such index fossils as there may be in the site, i.e.

Ursus deningeri, limits are set for the possible age of the depo-

sits. This, however, is often a circular argument, because the
age ranges of many such "index Fossils" was originally determined
using the same methods. Often the human cultures are used to

set such limits, as well, By tkis formula, if Mousterian is
present, it must be no 6lder than the Wirm, or possibly late Riss/
Wirm, while Upper Paleolithic tools indicate Wurm II/III or youn-
gér. Although the ages of many of the Upper Paleolithic cultures
have been corroborated with 14C dates, the argument is still cir-
cular, because the age ranges for all the cultures was established
using paleoclimatologically derived relative dates.

From the climatological pattern and the limits set at
certain levels by the fossils, the relative dates are assigned.
First the climatic curve is fitted to the global pattern of ciimate
change. Each cold period is matched to a stadial, and each warm
period to an interstadial or interglacial, But if the fit is not
quite perfect, then a stadial may be skipped, or a cold or warm
oscillation added to make the pattern fit. The difference between

the Wirm I and Wirm II is understood with a bit more precision,
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A higher percentage of roe deer and red deer are more likely to re-
present the Wﬁrm I, whereas reindeer in great numbers suggest Wirm
II, unless the lMagdalenizn culture is present to determine a Warm
IV (Bordes, 1972).

Perhaps not the most scientific method, this was the sole
method by which archeologists could date the sites until the deve-

lopment of radiometric methods, which even now will not provide .

dates for all sites.
4,5 Archeological Techniques

Although the French may be criticized for their dating,
they can not be criticized for their excavation techniques or

archeology which are the most sophisticated in the world.

4,5,1 Excavation

In excavating a site it is crucial to maintain strict con-
trol over the.stratigraphy. Often during the excavation this will
not be possible, because minute changes in the sediments are often
indistinguishable until the laboratory analysis is completed.
Therefore, all objects when found, whether rocks, tools, teeth,
bones, or anything, are located within the grid square:in all three
directions, numbered and noted in a book, All measurements are to
within a half centimetre as referenced to the grid pattern of the
site which is established before any digsing begins (see Figure
4,18)., EFach piece found is also noted on a map constructed for

each couche of each square. In this way, any areal associations



Figure 4,18
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can be seen at a glance, It is also possible to construct profiles,
using the record books, either parallel to the square boundaries

or diagonally, at any interval to determine stratigraphic relations,
Often subdivisions for the cultural layers hitherto unrecognized
can be distinguished using these techniques. This, however, is

only the start of the archeological treatment of the artefacts.

4,5,2 Typological Analysis
In order to characterize an assemblage of artefacts, it is
necessary to compute certain staztistics. When confronted by the
total assemblage, it is first essential to organize the material
into classes of artefacts., For examplg in a Mousterian kit, the
artefacts are grouped iﬁto the following classes:
1., Primary elements: Pieces showing portions of the original
cortex, namely pieces removed in the core preparation
2. Cores: Pieces from which specially prepared flakes, blades,
and points have been siruck
3. Debitage: Both Levallois and non-Levallois types, inclu~
ding tools, flakes, blades and points, which have been
shaped by core preparation, rather than by simply flaking
the nodule until it is the desired shape. Debitage tech-
nique allows several flakes to be removed from a core, all
of which have the same shape.
4, Tools: Debitage which has been retouched by secondary fla-

king to produce special features in the tool.

i

+» Waste and Debris: Any material which does not appear to
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have been utilized, but was produced durihg the tool manu-

facturing process.
All these classes are then statistically described in greater de-
tail, especially for such features as size relationships, retouch
for tools, scar patterns, etc. Some classes are further subdivi-
ded for descriptive purposes.
4,5.,2,1 Cores or Nuclei

Cores are further subdivided into several subtypes depen-
dent upon the type of debitage removed from the core, including
discoidal, pyrimadal, Levallois flake, Levallois blade; sone
are shown in Figures 4.19 (hypothetical) and 4,20 (actual). The
vLévallois technique was a special flaking technique developed in |
the A -vi.ilan in which the sides of the nodule were reduced to the
desired shave. Using these flake scars as a striking platform,.the
upper surface was removed, and a special striking platform prepared
at one end from which was struck the desired flake, the shape of
which was predetermined by the original flaking (Bordes, 1961, 1963).
£lthough some experts prefer a more restricted definition of Leval-
lois requiring centripetal dorsal flaking, this is too restrictive
a definition when applied to the early Mousterian (Bordes, 1961;
Crew, 1976),
4,5,2,2 Debitage

Like the cores, the debitage is further subdivided into
Levallois and non-Levallois types, which aré then éategorized as

blades, flakes, points, and occasionally other minor types, such



Figure 4,19

Core typology
1, Hormal single platform
2. Angled single platform
3. Pyrimadal
4, Opposed double platfornm
5. Orthogonal double platform
6., Double platform in different planes

7. Double platform with opposed parallel
planes

8. Bipolar
9, Irregular
106, Proto-biconcial
11, Biconical
12, Levalleis flake, flat
13. Levallois flake, high-backed
14, Levallois blade
15, Levallois point
16, Discoidal, flat
'17. Discoidal, high-backed

(source unknown)
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Figure 4,20

Mousterian cores

a.
be
Ce

d.

Typical Levallois Ylake
Bidirectiona Levallois blade
Single platform blade (pyramidal)

Discoidal

(after Crew, 1976)
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as naturally backed pieces, Usually, the debitage is described
in terms of plan form, striking platform, dorsal scar patterns,
and .the type of hammer used to remove the piece, all shown in
Figure 4.21 along with the reference points.

4,5.,2.3 Retouched Tools

The restricted typology is the list of actual tool types
recognized in the retouched tool category. Bordes (1961, 1968,
1974) lists 62 such types, but occasionally a few more types might
be added, such as handaxes (blattspitzen), or foliated pieces (see
Table 4.2),

Statistically, the retouched tools are described in several
ways, In addition to the descriptive classes applied to all debi-
tage noted above, the retouched tools are described in terms of
retouch type, edge plan, edge category, retouch class, profile
form, and cross sectional form, as shown in Figure 4,22.

Sidescrapers, as the name impies, have a retouched edge
which has been prepared, probably to use for scraping things.

In Bordes' (1861b) list 22 types of sidescrapers are defined,
depending on shape and type of retouch. Most common in la Quina
and la Ferrassie Mousterians, la Quina sidescapers are made on
thicker than normal flakes, and have scalariform retouch (Bordes,
1972).

Endscrapers have a retouched edge at the distal end of the
flake. Several types are common, including nosed, shouldered and

carinated versions, Both endscrapers and burins are more common

in the Upper Paleolithic kits than the HMousterian, Burins possess



Figure 4,21

Debitage description

A,

Reference points
1, Plan view

2. Profile

3« Cross section
Striking platforms
Plan forms

1. Irregular

‘2. Short guadrilateral

3. Long (blade) quadrilateral
%4, Shrot triangular

5. Long triangular

Hammer technigue

1. Hard

2, Soft

Dorsal scar patterns

1. Parallel unidirectional
2. Convergent uﬁidirectional
3 Irregular unidirectional
4, Irregular bidirectional
Se dpposed bidirectional

6. Radial

(source unknown)
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Figure 4,22

Modification and retouch categories for retouched
tools:

A, Modification type

B. Retouch angle

C. Retouch category

D. Bdge plan

E., Edge category

F. Retouch class

G., Profile form

H, Cross sectional form

(source unknown)
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Table 4,2 Bordes' List of Mousterian

Tcol
1. Tynical Levallois flake
2. #typical Levallois flake
3., Levallois point
4, TRetouched Levallois point
5. Pseudo-lLevallois point
6, Mousterian point
7. Hlongated liocusterian point
8. Linace
9, Sidescraper, single straight
10, ©Sidescraper, single convex
11, 3Sidescraper, single concave
12, JSidescrauer, double straight
13, 3idescraper, double straight
convex
14, Gidescraier, double straight
concuave
15, Sidescraper, double biconvex
146, Sidescraper, double biconcave
17. 5idescraper, double convex
concave
18, Sidescraper, convergent straisht
19, 3idescraper, convergent convex
20, convergent concave

21,

22,

23,
24,

25,

26,

27.
28,

29,

30.
31.
32.

39
40,
41,
&2,

Tool Types

Fidescrzper, asymnetrical

Sidescraper, transverse
straight

Sidescrauper, transverse convex
Sidescrazper, transverse concave

Sidescraper, retouched on the
ventral surface

3idescraper, with abrupt
retouch

Sidescraper, with thin back
5idescraver, bifacial retouch

Sidescraper, with alternate
retcuch

Typical endscraper
Atypical endscraper
Typical burin
Atypical burin
Typical borer
Atypical borer
Typical backed knife
Atypical backed knife
Yaturally backed knile
Mousterian raclette
Truncated piece
l'ousterian tranchet

lotched pieces

47,

h3,

52,
53
Sk,
55,
56.

57,
58,

60,
61,
62.
63,

Denticulate
Bec burinante altcrne

Flake, reiouchzd on the
vrnbral surface

liiscellanecous retouched £lake,
abrupt thicx retcach

iiiscellanesous retouched flake,
zltornzte thick retouch

fliscellaneous r-touched flzke,
abrupnt thin retouch

liiscellaneous retouched flake,
alternate thin retouch

Flake, bifacial retouch
Tajac point

Yotehed triangle
Pseudo-nicroburin
Flake, notched end
Cleavers

Rabvot (rlane)
Aterian tanged point
Tan;ed piece

Chopper

Inverse chopoer
Chopzing tool
¥iscellancous piece

Blottspitzen

S/
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at least one graver facet, a facet which has been struck against
and truncates the working edge previously prepared by retouch,
Several different types are defined based upon the number and lo-
cation of the graver facets, and the manner in which the edge
vas prepared, 4 bec (or bec-burin) is a special nosed burin for-
med from several graver facets oriented in different directions.
Another typical Upver Paleolithic tool, the borer or awl, has
pocint which was produced by retouch either through 360o or 180°
appearing in cross section as circular or D-shaped (Burkitt, 1963).

A tool is classified as a denticulate if it possesses three
or more contiguous notches. This is further subdivided by the nun-
ber of notches along a standard 5 cm length of edge as microdenti-
culation having more than 10/5 cm, normal 6 to 10/5 cm, and macro-
denticulation less than 6/5 cm (Crew, 1976). 1In order to produce
a notched piece, the notch must have besn removed by retouch rather
than natural breakage; 4 Clactonian notch is formed by the removal
of a single flake larger than 1 cm (Crew, 1976).
4,5.,2.4 Other Tools

Handaxes are core toocls both the ventral and dorsal faces
of which have been retouched to produce a shape edge except for
the butt. As can be seen in Figure 4.23, shape wmay vary from ovate
to triangular. If the distal end is removed from a handax, a clea-
ver is formed, also shown in Figure 4,23,

A rather crude round or oval shaped tool with very irregu~
lar edges which are formed by irregular working on both surfaces

is known as @ chopper. luch of the choprer is not worked at all.



Figure 4,23

Other artefacts often found in tool assemblages:

A, Outil esquillé

B. Block anvil

C. Split cobble anvil

D. Dimple scarred rubbing tégl
Ee. Lower grindstone

F. Pestle

G, Hemmerstone

H, Handax:types

I, Cleaver shapes

(source unknown)
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Other utilized artefacts which may be found at a site can
include anvils, hammerstones, pestles, rubbing tools, and grind-
stones.
4,5,2.5 Typological Indices

Table 4,3 lists the typological indices usually calculated
for a Kousterianlassemblage. These indices help to differentiate
between the different types of lMousterizn, discussed later. Charac-
teristic grou» indices are also calculated using percentages of
each group, of either the whole of the retouched tools (nos, 1 to
63) or of the restricted list (nos. 4 to 45 and 51 to 63). Because
types 1 to 3 and 46 to 50 are easily produced by natural action
(Bordes, 1972), elininating these types facilitates comparisons of
assemblages in which one has been cryoturbated badly but the other

has not,

4.,5.3 Technical Indices

Technical indices are calculated for both the total and
restricted tool lists., The Levallois index (LI) indicates the
relative importance of the Levallois techniqué compared with
non-Levallois techniques for the total industry, The faceting
index indicates the type of striking platforms most common to an
industry, while the restricted faceting index shows how impors
tant mulitifacetted striking platforms were when compared to the
nornal faceting index. The blade index suggests the degree to
which the industry has progessed toward the Upper Paleolithic

where blade techniques are dominant.



Table 4,3 Index Definitions

4., Tochnic2l Indices

Levallois, IL =

Faceting, IF =

Faceting, I¥s _
(restricted) ~

Blade, Ilzme =

B. Typological

Racloir, 1

Unifzcial
scheulian Ihu

Bifncel}™ IE =
Potal**
fcheulian, I

Charentiur IC =

jaina, I0 =

(Levzllois flakes, blades, and points) x 100
(11 flzkes, blades, and soinic)

(Convex, dihedral and flat facctied platforms) x 100

(Z11 recognizable striking platforiis)

(Convex und dihedral facetted platforms) x 100
(211 recognizable striking platforns)

Bludes x 100
(11 blades, points ana flaxes)

Indices *

Tool tyues 1 = &4 (nonvorked Levallois pieces) z 100
Yool tymes L - o3 (all tools)

Tool tvnas 9 - 29 (zidescrarers) x 100
o0l tyves 1 - 03

Tool t:
i

ves 36, 37 (bacted Lnives) x 100
“ool c

S 1 - 032

Tool tvnes 50
Tool &

25, 63 x 100

Tool
Tool

27, 50, 29, 63 x 100
63

Tool tyves 8, 10, 22 ~ 24 xx 100
Tool tvives 1 = 63

511 Suina sidesqrapers x 100
Tool tywes 1 - 63

C. Characteristic Groups *

I Levalleiz =

ILty

i1

B
0
o+

Tool tynes 5 « 29 x 1C0
53

erian = Tool types 1 -

Jous

III Uprer _ Tool types 30 - 37, 40 x 100
Paleolithic™ Tool types 1 = 63

Tool tvve 43 x 100

IV Denticulate = Tool iypes 1 - 03

* All the typological and characteristic group indicies can be
calculated for the restricted typology by dividing the nurerators

listed zbove by the denouinator (Tool types & - 44, 51=63).

** Some archeolozists prefer to use types 1 - 62 rather than 1 -

63 for the denominator of the unresiricted indices for boih tie
typology and characteristic grours., Thercefore, when the biface
and total Acheulizn indices are ca culated, types 1 - 63 must
be uzed. Under this system it is not possible to simply add the
unifzcicl Acheunlizan and the biface indicies &s would nornally

be the case,

7/
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4,5.,4 Revresenting the Archeological Data

In addition to the tables of tool typologies, indices,
raw naterials, piece typologies, nuclei forms and characteristic
technigues, it is common for ths French to draw a cumulative graph
for the tool typologies, as shown in Figure 4,24, There are many
problems associated with such graphs.

Although there is no reason for the cumulative graph to
follow the same orcer as the type list, it does invariably, and
because this order produces the differences seen and ex:ected be-
tween different fypes of assemblages, it has become tautological
to réquire it always be done that way (Webb, 1978}, Furthermore,

. the graph treats the data as ordinal data rather than nominal |
(Thomas, 1971), implying that the order given has some inherent
meaning; Although it may make archeological sense to order the
sidescrapers, for example, from least to most complex, the order

of the groups is arbitrary. Intragroup distinctions are susceptible
to Q-mode statistics only, but the cumulative zraph measures R-mode
variations (Webb, 1978).

The fact the graph is based uvon percenitages creates another
problem: percentages are interdependent variables., A change in
one of the tool types frequencies will result in changes in all
percentages., Therefore, a high frequency of any onertool, a den-
ticulate, for example, will result in an extreme dissimilarity for
two otherwise similar ascemblages. Furthermore, it is difficult
to compare two assemblages using percentages, because even though

the total number of artefacts is known, it is hard to determine



Figure 4.24

Cunmulative graphs of tool typologies:

These graphs show three of the MHousterian
assemblages from Southern France as defined
by Bordes. Each shows the restricted tool

list (after Bordes, 1972).
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exactly what significance a difference in parcentages really has,
Pinally, there are aany problems with the visual aspects
of the graph, Mot only is it difficult to distinguish between ar-
tefacts whose percentages are 0, 1, anéd 2, it difficult to compare
any two graphs if they overlap, or cross each other, Furthermore,
such comparizon invites value judgments, rather than statistical
inference., When an ardheclogist claims there is a similarity be-
tween two assemblzages, is he saying the overall shape is the sane,
or that the minute step pattern is the same, or that the vercentage
jump differences is the same? A better approach would be to cal- |
culate some coefficient of difference (Webb, 1978). Therefore,

no cumulative graphs will be shown for assemblages described herein,
4,6 Absolute Dating Methods Used by Archeologists

Other than the U/Th,method, which has only recently been
applied to sites, 14C and K/Ar methods have been used extensively

to date sites,

Y4 pating

4,6,1
In the upper atmosphere, neubrons produced by cosmic rays

interact with nitrogen to -produce a radioactive form of carbon

1 14 14 1 , .
o+ YN' ——3 6C + lH (4+,1)

which then forms CO? CO. Mixing of the radiocactive gases with
normal gases is rapid, resulting in a constant level of radiocactive

gases, All living organisms assimilate the radiocactive molecules
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into their tissues., Because the process is in dypamic equilibrium
due to the balance between decay and production, while the organisn
R . . . s . 14, . e .
is alive, its concentration of radiocactive C in the tissue will

. . 14, .
be constant, Yhen the organism dies, however, the C is not re-

plenished but decays to 14N

Mo e Uy, _'(ljﬂ' + U 4 0,156 MeV (4,2)

Therefore, the age of the tissue is 2 function of the decay of the
IQC. At present, the activity of 14C in the atmosphere is 13.56+0,07
dpm/g, while the half-life of 14C is best estimated at 5.730 Ka,

Therefore, the age, t, is

=4 Ao
t = 1,209 x 10 i1n e (&.3)
where Ao = the present activity of 143 in the atmosphere
A = the observed activity of 14C in the sample.

14C in +the atmosphere

This, however, assumes that the activity
has remained constant, which aszumes the cosmic ray flux has been
constant, Because the cosmic ray flux is a function of the acti-
vity within the sun and the sarth magnetic intensity, it has varied
significantly in the past, Therefore, the accuracy of the method
has been calibrated for the past 7?7 Ka using dendochronolagy, and
for the vast 30 XKa using glacial varved clays (Faure, 1977).
At present, the method is only effective on samples less

about 50 Ka old, Older samples contain too 1little lAC to be detec-

ted by normal methods, but 2 new modification using an accelerator

to count the atoms (Burke, pers. comm), which may eventually make
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jt possible to date samples és‘oid as 100 Ka, although tha costs
are pronibitive ($ 300/sample estimated in 1979). This method,
however, is the most widely used and believed of the radiometric

nethods, because alzmost all sites contain soce form of carbon,

either tissue or charcozl to which the method can be applied.

o 4,602 K/Ar Dating | \
"5?f7 | 40&,'repres§nting 1.18 x 1075% of all Kiatoms,'deéays by'.
a branched pattern to either aoba, or in 11.2% of the cases,fo

QOAr oy electron capture. 1In niperals containing potassium, such

as feldsnars, feldspathoids, clays, and some evaporites, the radio-

active-ﬁox,uill decay from the time of the formation 6£ the mineral.

"-,vArgon, however, will be retained by the mineral only when it has S S

cooled telow the blocking teﬁperature for tne given crystal.. In

order to sucéeésfully_compute a date, there should have been no -
initial Ar present. Therefore, the minerals usuwally chosen are

feldspars from volcanic basalts, wnick have not beenlrehggted.

Given that the rock cooled rapidly, its age, t, is

40, . : S
t =3 :o"‘1~ A + 1 L R
A 7 Ar 13 ’ ' » . e
L whereIQEr' = the activity of radiogecic 4°Ar - _ : ' {ﬁ,{
’ fff 4OK = the activity of 4OK vresent in the rock B
A = the totzl decay constant for g

»
i

the decay constant for the eleciron cazture branch

50 .

for K.

The nost widely used values for A 2nd 1e zre 5,305 x 10‘10 and -
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Samples which are younger than approximately 400 Ka d¢ not pos-
sess sufficient radiogenic argon to be detected, and hence, are
are undatable by this method. In a modification of the method,
using an incremental heating technique on samples irradiated
with thermal and fast neutrons, heating the samples releases
the argon gas which is then analyzed for 39Ar/AoAr.' This method

can be used on gamples very low in argon, but is very expensive,

4,6,3 Thermoluminescence

Several other methods have been used in archeological sites
- including Thermoluminescence. This method measures the amount of
radiation which a sample has absorbed since it was heated at some
time in its history. When the radiatién in the sanmple is compared
to the flux in the sediments in which it was buried, a date can
be established. Although this method is most often used to date
potdery, it can also be used to date rocks from hearths, burnt

artefacts, etc.



PEOPLES AND CULTURES
OF THE

MIDDLE AND UPPER PLEISTOCENE

Although the K/Ar method effectively dates sites older

14C method has been extended back to date

than 400 Ka, and the
some pieces as old as 80 Ka, there still remains a gap in the
Pleistocene which can not be effectively dated by the usual
radiometric methods, Unfortunately, many of the significant
changes in human cultures, and the humans themselves, occufred
within this period, which can only be dated with U/Th methods,

or amino acid racemization, Therefore, before proceeding to
discuss the sites which have been dated by the U/Th method herein,
it is essential to briefly summarize the changes of the Middle

and Upper Pleistocene, in terms of the climate, physical anthropo-

logy, and archeology.

5.1 Terminology for the Pleistocene

Before discussing the occurences in the Pleistocene, it
is instructive to define the epoch and its subdivisions in more
detail. The Pleistocene epoch is the latest of the geologic
epochs, excepting the Recent, having begun between l.,% and 2,0
million years ago (Brace, 1978; Bowen, 1978). Although the prece-
ding époch, the Pliocene, is now known to have had glacial advances

170
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as well, the Pleistocene was thought to have the only Te:iiary
glacial advances. Lyell, who originally defined the Pleistocene,
defined it to be the sequence of Tertiary rocks, with the type

site in Italy, the Calabrian Formation, in which at-least 90% of the
fossils are living species, prior to the appearance of humans (Mintz,
1977). Although the upper boundary is now invalid, because hominids

appeared in the early Pleistocene, while Homo sapiens appeared in.

the late Pleistocene, the lower boundary definition, based on fossil
abundences, is still the strict definition. Therefore, it should
not be surprising that most of the species found in Pleistocene
sites are modern species, most still extant today.

Because each of the glaciations was studied in at least
four different geologic regions, there is a proliferation of stage
names for the various advances and retreats. Because of the pro-
ximity of southern France to the Alps, the alpine sSystem is\thé one
archeologists appliedl to refer to the various periods, Table. 5,1
lists the different systems now in use, while Table 5.2 gives
approximate dates for each advance, and the anthropologically
important events occuring therein., Unfortunately, it is extremely
difficult to correlate the different areas, thereby correlating
the names, although the deep sea core record appears to show the
game major fluctuations; indicating that the advances were indeed
global trends. (Shakleton and Qpdyke, 1973), as shown in Figure 5.1.
Until this problem is resolved,satisfﬁctorily, the alpine system
will be the one used archeologically, because most of the archeolo-‘

gical literature contains this system.‘
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Tiible 5. 1

Terminology for the Pleistocene

Climate Alps North ‘Europe Britain
America
HOLCCENE Interglacial Holocene Recent Holocene Flandrian
é Glacial Wirm Wisconsin Weichel Devensian
5 Interglacial Riss/tiirm Sangamon Eeenian Ipsvichian
. Glaciel Riss Illinéian Saale Wolstonian
i A Interglacial | Hindel/Riss Yarmouth Holstein Hoxnian
z> é | Glacial Mindel Kansan . Elster Anglian
i a Interglacial— Ginz/Mindel Aftonian Cromer Cromer
2 Glacial Gilnz Hebraskan Meﬁap Baventizn
E ,§§ & Interglacial Donai/Gunz Vaal Antian
N=N -1
B .§§§§ “é? _ Ulacial Donai Lburon Thurnian
Sig § Interglacial "Pre~Donai" Tegelen Ludhamian
E & Glacial? Biber? Briiggen Waltonian

(adupted from Flint, 1971)

E4!



Table 5,2 Chronology of the Pleistocene

Absolute
Time

4
1 x10 y

4
2x 10 y

4 x 104 ¥

4
8 x10 y

1.6 x 105 N

2.2 x 1

05

I

6.4 x 10”7 y

6

.6 x 106 y

o2 X 106 ¥y

Geologic Glacial Cultural Tool Hominid
Time Period Period Complexes Forms
Recent K Mesolithic Homo
. sapiens
\\\ Upper _’( sapiens
L > Paleolithic _ Perigordian |
N L [
Upper 1 Middle !
Pleistocene Wirm Paleolithic | Mousterian Homo
ﬁ) ! sapiens
(\\‘ 1 : neanderthalensis
giss ' :
(/j Acheulean [
Middle 5
Pleistocene \>Iinde1 ggggt
Lower Abbevillian grectus
/} Paleolithic { )
k? Gunz :
/
Lower
Pleistocene Ville- 014 Australo-
ranchian rowan pithecus
africanus
Pliocene W !
/¢ ' .2 Lo wil a
(adapted from Brace gilgl., 1971)

Ll



Figure 5,1

Deep Sea core record for temperature change during
the late Pleistocene (redrawn from Broecker and van

Donk, 1970).
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Within each of the major glaciations, there were uinor
periods of ameliorated climates, referred to as interstadials,
For the Wirm, the French archeologists recognize four stadials
and three interstadials, although others would agree to only two
stadials (Bordes, 1961), Since the caves under study are French,
the French system will be used here, Although these may correlate
with the oxygen isotope record, such that the Wirm I is stage
5d, Wirm IO,5b, WirnId, 4 and WirnV,2, it is generally agreecd
that stezge 5 a-e represents the Riss/Wirm, in which case the
full four fluctuations may indeed be present on the continent,
but not represented in the ocean cores, Within the Riss, there
were three stadials, Ofvthe three, the second was the coldest

correspondiang to stage 6.
5.2 Climate

During the Pleistocene, the climate fluctuated wildly,
causing shifts in the ranges of animals, and flora, and in the
climatic patterns of Europe. Furthermore, with each glacial ad-
vance, the sea level dropped as muchk as 90 m, causing the coast-
lines to prograde. During the glaeciations, western Europe experi-
enced a damp cold maritime climate, with associated tundra, or
sparse coniferous vegetation (Howell, 1952), while in the inter-
glzcials and warmer of the interstadials, the climate was much as
today, 2 warm maritime to MHediterranean with dociduous and parkland
vegetatione. Repgardless of the climate, however, abundant gzne

inhabited the region, as described in Chapter 4,3, Western
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Lurope, however, was separated from Russia and Asia by =z perigla-
cial climatic intrusion, as shown in Figure 5.2, extending from
the Bradenburg Lobe of the Fennoscadian Sheet to the Alpine Sheet.,
Although this region was never completely glaciated, as a highland
region it apparently made an effective climatic and topographic
barrier greatly restricting the movenent of game and hominids be-
tween Eastern and Western Burope.,

If the positions of the terminal moraines of the major
advances are any indication of the severity of the glaciation,
the Mindel was the most severe in Europe, but the Riss was more
extensive in Russia. In terms of length, however, the Mindel
~ appears to be far longer than the younger two, having had appar-
ently four major advances over some 150 ka. No one, however,
will date the Mindel for certain: estimates range from 0,3 to 1.2
Ma (Flint, 1971; Bowen, 1978; Mintz, 1977). The Riss is more
accurately dated, with most agreeing that it began about 190 ka
and ended zbout 120 ka, while the best estimates for the beginning
of the Wurm are about 80 ka. With such disagreement among the
experts for the correlation of the glacial advances and the dating
thereof, it gives one pause as to how the archeologists can say
with such certainty which cold snap in the cave is felated to

which stadial,
5.3 Pleistocene Hominids

Within the context. of the Pleistocene, Homo sapiens

sapiens evolved from the Australopithecines of the Pliocene,
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Climatic zones during the Warm glaciation:
1. Glacial maritine
2. Maritime tundra
3. HMaritime forest (including the Charente
and Dordogne)
L, Permafrost tundré
5. Continental glacial
6, Permafrost forest
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8. Warm steppe
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53,1 Homo erectus

Prior to the development of Homo saviens, the dominant

hominid in the world was H. erectus, known to have ranged over
much of the temverate anrd tropical 0ld Yorld., DLxtant from appro-
ximately 1.7 Ma (Brace et al., 1979; Leakey and Lewin, 1977) to
150 Ka, French finds are restricted to posit-Mindel times eomprising,
among others, three individuals from Arago in the Pyrenees, and
two partial calottes from Fontechevade, across the river from Lachaise
Brace et al, 1971, 1979). Although the cranial capacity of H. erec-
tus averages from 750 to 1050 cc, as compared to 1150 for H.
sapiens, H, erectus finds are associated with the use of fire at
_ Choukoutien and Torralba, organized hunting by bands at several
sites, and the use of shelters at Terra Amata (Fagan, 1974).
Anatomically, the skull of H. erectus looks very primitive
with massive suprorbital tori, a post-orbital constriction, a
sagittal keel, an occipital bun complermenting the angulated but
platycephalic thick boned vault, a large robust mandible with no
chin but slightly prognathic face, while the post—cranial skele-
ton is almost identical to that of modern humans, Figure 5.3 isg
the classic "Pekin Man", while 5.4 shows Arago and Fontechevade.
Some cf the late forms in Burope are often considered
to be transitional from H, ersctus to H. sapiens. Because the
finds are often fragmentary, the exact species is often difficult
to determine, Fontechevade is one such find dated relatively to
the late Riss. It may possibly be a "classic" Weanderthal. Two

individuals from nearby Lachaise also pose similar problems to be



Figure 5.3

Homo erectus:

One of the classic examples of E} erectus, "Pekin
Man", found at Choukoutien, near FPeking, in 1929,
This female is one of more than forty individuals
found at the site, all of which were lost during
the Japanese invasion in 1936. This speciman is
guessed to be about 700 Ka old (after Braces et al.,
1979).
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Figure 5.4

Homo erectus in Europe:

A, Fontechevade: Partial cal tte, one of two
individuals found in Fontechevade, Charente
by Mlle., Henri-Martin in 1947. Because it
lacks teeth and facial skeleton, it is of
uncertain afinities. I% is guessed to be

about 115 Ka.

B, Arago XXI: One of many individuals found in
la Caune de 1l'Arago in the French Pyrenees
by de Lumley in 1971, This is the first cer-
tain H. erectus in Europe, dated at about
200 Ka,

(after Brace et al., 1979)
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discussed later,

Be3e2 Neanderthals

Although there are many conflicting definitions of "“Hean-
derthal®” and "Neanderthaloid" (Brace et al., 1977; LeGros Clark,
1965, Howells, 1974; Howell, 1957; Trinkaus and Howells, 1979;
Brace, 1978), all of which are confusing, some of which have in-
herent errors in the application of evolutionary theory, some of
which are extremely mislesding, and none of which the experts can
agree upon, the best definition seems to result if "Neanderthal”
is considered as a morphological grade, similar tq and temporally

preceeding H. sapiens sapiens.

Therefore, in general, a Neanderthal possessed a brain
whose cranial capacity was within, but often averaged more than
that of modern human populations, but whose frontal and occipital
bones were more rounded than those of H. erectus. Surmounted by
massive supraorbital bori, the facial skeleton is usually large
with rounded orbits, separated by a great interorbital distance,
houzing large anterior teeth., As a population, they had a high
frequency of tawodont molars, but a low frequency of well-developed
mastoid processes, and mental eminences. Using this definition,
it is possible that Neanderthals existed contemporaneously with
the so-called "pre-sapiens" forms in the Riss, and with‘ﬁ. sapiens
sapiens in the mid-Wirm, as Jelinek (1969) states may have occurred
in several places, Moreover, this allows for the contemporaneous

existence of several Heanderthal populations, rartially isolated
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by the Wirm glaciers, Therefore, the Neanderthals, while they

were extant as a subspecies, H, sapiens neanderthalensis, were

polytypic, but zcheived nearly worldwide distribution (see Figure
5¢5).
Be3e2,1 "Classic" Neanderthal Morphology

7hen the majority of people hezr “"Neanderthal', they en-
vision the "classic" Neanderthzl crouching in his cave with his
club, With a short but powerful build, these "classic" forms
inhabited southwestzrn HEurope during the late Riss/ﬂﬁrm, and
Wirm I ard II. Specifically, they possessed a broad upper thorax
supported by a vertebral column with low~bodied veriebrae, marked
by large spinous and transverse processes. In the pectoral girdle,
the scapula had a well-developed sulcus and auxiliary crest sup-
porting the robust arm, In addition to massive bones, especially
in the articular regions, the radius and ulna curve noticeably,
unlike those of modern humans. As in the arms, the bones of the
legs are massive with enlarged articular surfaces, while both the
tibia and femur also curve. The radiochumeral index is 70 - 79
on average, while the tibiofemoral index is low, 74 - 79, The fe-
mur is platymeric, while the tibia is eurycmeric -(Bass, 1971).
Squatting facets appear on both the tibia and fibula,., With a
long heel, the calcaneum is massive. In both extremities, the
netacarpals, or -tarsals; are long and massive, while the phalanges
are short in comparison (Howell, 195?),J (See Figure 5,60

The major differences, between Neanderthals and moderns,

however, occur in the cranium., Perhaps the most noticeable feature
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lleanderthal sites:

1, ?eanderthal

2. Spy

3; Bhringsdorf

4, La Chapelle=aux-Saints
5. Le Moustier

6. La Ferrassie

7. La Suina

3. Gibralter

9. Saccopastore
10, Monte Circeo
11, Krapina

12, Teshik Tash

2+ Shanidar
14, liount Carmel
15, Haua Fteah

16, Jebel Irhoud
17. Dire Dawa

18. Cave of the Hearths

19, KFapa

gs Cold-adavted Mousterian

RN

XX Unspecialized lousterian~like

RN

(after Brace et al., 1979)

. Figure 5.6

Comparative anatomy for Homo saviens subspecies

A, H, saviens neanderthzlensis, classic

form

Be H. saniens saniens

o0
A

(after le Gros Clerk, 1%
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is the large facial skeleton, particularly the large nasal apera-
ture, great interorbital distance, and the large rounded orbits,
topped by 2 massive supreorbital torus composed of fused medial
and lateral elements. Compared to modern humans, the "classic®
forms have longer lower, wider vaults, with a high frequency of
postlambdoidal flattening, a more sharply angled occipital with
the occipital bun, and a less flexed basiocranial angle (Howell,
1957). In most forms, the mastoid process is small, the external
audotory meatus ellipsoidal, the molars torodont, and the anterior
teeth large. Usually, no mental eminence is present. Generally,
the bones are thick and robust,

Yet this description is not indicative of the whole Nean-
derthal population, but only a small percentage which was isolated
in southwestern Europe, subject to the vagaries of genetic drift
during the early Wirn,
5¢3+2+2 Other Neanderthals

Unlike the "classic" forms, the Neanderthals of Eastern
Burope and the Middle Eazst were not isolated as a small population,
but remained as a widely distpibuted group experiencing constant
gene exchange. As a population, these forms present a great deal
of morphological variability. Although most individuals possessed
some of the claszic features, none of them have the full comple-
ment, as the "clussid' forms do.

Compared to the "classic" forms, the Eastern Neanderthals
are significantly 2ifferent in several aspects, Using descrimi-

-

. . s . 2
nant analysis and intergroup distances, D7, based upon Gower's Q
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mode analysis, Bilsborough (1972) found that the eastern forms dif-
fer from the "classic! forms in the upper face and cranial vault

at the 0,001 level and overall at the 0,001 level. Table 5,2 lists
the significant points. Between the eastern forms and H. sapiens
sapiens, there is an overall significant difference, but it is
larger than that between the two Neanderthal populations. Simi-
larly, the "clasgic" forms differ significantly from modern humans.
Therefore, it seems consistent to consider the two Neanderthal groups
as partially isolated populations o: the same subspecies, which is,
in turn,different from the modern subspecies,

The Fastern Neanderthal population conforms to the pattern
expected of a population undergoing gradual evolutionary modifica;
tion, As the genetic pattern of the population is modified, any
individual may or may not possess one of the old traits, or the
new trait. Because the rate of change of any gene will proceed at
different speed the populztion will appear as a mosaic of traits,
both old and new, .Therefore, the eastern forms were probably evol-
ving constantly throughout the Wurm,

Yet the classic forms apparently evolved into a highly
specialized group. Because they were isolated during the critical -
veriod of the change, genetic drift acted to eliminate many of
more modern-appearing alleles, Because the isolation was of short
duration, when the populations were reunited, they were still ca-
pable of interbreeding, with the result that in a few generations,
the two populations were indistinguishable. Figure 5.7 shows two

"classic" Neanderthals from Monte Circeo and Shanidar, while 5,8



Table 5.3

Differences between "Classic® and Eastern

Neanderthals and Homo sapiens sapiens,

Functional

Complex

Upper face

Upper jaw (sic)

Mandible

Cheeks & masti-

catory muscles

Articular region

Balance

Vault

Basicranium

Overall

»

N

D2
D2

"Classic®
vs Eastern
eanderthals

8,5%¢
2ok
3.0

35

1,2
1.9
8.5**
4,8%

5.2**

(after Bilsborough 1972)

"Classic"
Neanderthals
vs H. sapiens

sapiens

5.1%*

1.9

5,42

0.8

4.310

8.9#t

b5

8.4**

significant at 0,01 level
significant at 0,001 level

Eastern
Neanderthals

vs H. sapiens
sapiens

7.1**

3.4

5.6tt

Te7**

0.9

b b

5,44+

1.3

8.7%*



Figure 5;7

Homo sapiens neanderthalensis, "classic" form:

4.

Monte Circeo: An adult male skull, one of
three individuals found south of Rome, Italy
in 1939, It is thought to be from the early
Wurm,

Shanidar I: One of eight or more skeletons
associated with Mousterian artefacts found in
Shanidar Cave, Iraq, by Ralph Solecki. It is
dated by 14C to just less than 50 Ka, This
adult suffered from a deformed right arm -

which was anmputated and may have been blind

in the left eye.

(after Brace et al., 1979)
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Figure 5.8

in Eastern HNeanderthal:

Skhul V: An zdult male skull with complete post-
¢ranial skeleton, one of ten individuals assqciated
with Mousterian cultural remains at Mugharst es«
Skhul, Isreai. This more unspecialized Neanderthal
is estimated to be about 40 Ka old (after Brace et

~al., 1979).
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shows an eastern form from Skhil, along with the distribution of

the entire Neanderthal population,

5e3¢3 Homo sapiens sapiens

The earliest true H., sapiens sapiens appeared in Europe

about 30 to 35 Ka BP, perhaps slightly earlier in the Hiddle East.
Although the skulls are still robust, a definite chin (mental emi-
nence) is present, while the majority of the Neanderthal characte-
ristics listed above have disappeared. The Cro-Magnon skull, found
in 1868 at Tayac near les Eyzies, is still often considered to be
the classic example of the earliest true man, although its date,
stratigraphy, and exact original location are in doubt.(see Figure

597,
5.4 Pleistocene Cultures

During the Pleistocene, hominids learned to control fire,
build shelters, shape stone into a variety of sophisticated tools,

use wood and bone &s tools, and create art.

5¢4.1 The Acheulian

Appearing first in Africa about 1.5 Ma, then appearing la-
ter in Europe during the late Gunz/Mindel, the Acheulian tool kit
comprised mostly handaxes and cleavers, as shown in Fijure 4.23.
In addition, choppers and spheres, which may have becn used in
food preparation, can be found in most Acheulian sites. The first
‘known example of the use of wood is an Achuelian spear from Clac-

ton, England. Bone or wood may have becn used to rework the final



Figure 5.9

The Cro-Magnon Skull, H. sapiens sapiens:

Discovered by Lartet in an abri near les
Eyzies, this skull, 2long with five skeletons
and Upper Paleolithic tools, is thought to

be abdut 30 Ka., It is uncertain, however,
because the skull was found out of stratigraphic
context, Although the teeth, and pa;ts of
the face are missing, the skull is still very
robust, although it does lack the prominent
brow ridges and sports a true chin. This is
the specimen most people remember when talking
about early modern men (after Brace et al.,

1979).
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tools, in some of the later kits, With time, the culture gradually
evolved to include flakes of either proto~ or true Levallois tech-
nique, cores, and a variety of tools more typiczl of the Mousteri-
an. &Sventually, more tools were made using flakes, with continu-
ally more advanced techniques for flake production (Bordes, 1968).
More detailed descriptions of the typical Acheulian tool kit can
be found in works by Clark and Kleindienst (1974), Kleindienst
(1961), Leakey (1971), and Roe (1964),

Containing no handaxes, the Clactonian flake tradition
used an anvil in the production of the flakes, which was derived
from the chopping tool traditions of the Bast, rather than the
handsax traditions of the West. Most of the tools.in the Clacto-
~nian are worked flint or quartzite nodules. Of the flake tools,
many are scrapers, notched pieces, denticulates, or truncations.
According to Bordes (1968), the Tayacian tradition is a late
development of the Clactonian.

Named for the type site of la Micoque, the Micoguian is
classified as a Mousterian kit purely on the basis of chronology,
although it is an Acheulian tradition found in the Wurm 1., Dif-
fering from the Mqusterian of Acheulian Tradition only by the
presence of the typical Micoquian handax, a lanceolate form with
concave edges, this assemblage uses the Levallois technique oc-
casionally. 1In some sites, la Quina sidescrapers can be found
(Bordes, 1968),

As can be seen in Figure 5,10, the varieties of the Acheu-

lian were widely distributed throughout the world. Because it is



Figure 5,10

Distribution of Lower Paléolithic industries
associated with H. erectus:
1. Java
2. Choukoutien
3., Lan-ttien
4, Heidelberg
5. Vertesszollds
6., Arago
7. Ternifine
8. Rabat
9. Koobi Fora
10, Olduvai Gorge
11. Swartkrans
12, Saldanha

(after Brace et al., 1979)
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the tradition ancestral to the llousterian, its tools, are less
sophisticated technologically, while the variety of tool types is

more restricted,

S5e%#.2 The Mousterian

Having its roots in the Acheulian, the Mousterian is usu=-
ally thought to have begun at approximately the same time as the
Wirm, circa 80 Ka BP, lasting until the appearance of the Perigor-
dian during the Wirm I1/11i,. 35 Ka. In France, where the Mous-
terian was first defined, there are several tool kits recognized,
along with at least as many theories for their coexistence.

Probably related to the industry at la Micoque, the
Typical Mousterian assemﬁlage‘employs the Levallois technigue,
shown in Fipgure 5,11, to varying extents. Very rarely does it
contain limaces, handaxes, or backed knives, but sidescrapers con-
prise between 25 and 55% of the total tool kit, with la Quina
types contributing 1% at most., Well-developed points are pre-
sent, but notched pieces and denticulates add only a few precent
to the total. According to Bordes (1961, 1968), this assemblage
is found in sites dated from the earliest Wirm I to the upper Wirm
11, There may be two subtypes of this assemblage with varying
percentages of sidescrapers (Bordes, 1972). Le Moustier is the
tyve site.

Hamed after the site of la Quina, la Zuina Mousterian is
also found from the lower Wirm I to upper Wurm II. Of the total

kit, scrapers comprise 50 to 30%. Iost of these, sidescrapers



Figure 5,11

The production of Levallois flakes
1. The original core
2. Flaking off the lateral edges
3. Flaking off the dorsal surface
4, Continued dorsal flaking
5. Preparation of the final striking
platform
6. Removal of the Levallois flake

(adapted from Bordes 1961).
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tranchoirs, and limaces included, have resolved or thick scleriform
retouch (fuina retouch). Sidescrapers may contribute up to 75%
and la Quina types up to 25% of the total. Other types include
denticulates, notched pieces, burins, borers, and endscravers, in-
cluding nosed and carinated types. Among the tools rarely found

in this kit are backed knives and handaxes., The Levallois techni-
que 1s not used as frequently to produce the tools of la §uina
Mousterian as in the Typical Mousterian. Bordes (1961) feels la

Quina Mousterian may have its origins in the Tayacian or the Clac-

tonian Acheulian,

Both la Juina and la Ferrassie type Mousterians have their
tyve sites in the Charente, where they are most common. Like la.
Quina, la Ferrassie has a very high rercentage of sidescravers,
but few of these are the transverse types (numbers 22 to 24 on
Bordes!'! list, Table 4.1) unlike la Quina. Again backed knives and
handaxes are rare. Although there are fewer Quina-retouched tools,
the Levallois technique is more often utilized than in la Quina.
(Bordes, 1972).

Very few of the typrical HMousterian tools, sidescrapers,
are present in theDenticulate Mousterian, but as the name implies
there is @ great development of denticulate and notched pieces,
comprising from 35 to 807 of the total, Vhile there are no hand-
axes or backed knives, points and scrapers only contribute 3 to
7%, QJuina-type retouch is extremely rare, but the use of the Le-
vallois technique can vary greatly., With its type site at Combe-

Grenal, the Denticulate lMousterian ranges from the lower Wirm X
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to the upper Wirm II (Bordes, 1961, 1968, 1972).

The Mousterian of Acheulian Tradition, as might be guessed,
arises from the tool kits of the late Acheulian in the lower Wirm
I. 4s its history implies, handaxes form a major portion of these
kits, especially.in the earlier form, Essentially, there are two
different kits, one from the Wirm I (A), and one from the Wirm II
(B). In the former, handaxes contribute 8 tc 409, sidescrapers
20 to 40%, denticulates 10 to 15%, while there are a few backed
knives, awls, burins, notched pieces, points, and Abri Audi knives.
Rather than the Levallois technique, many of the tools-are made on
the flakes removed during handax production, Type A gradually e-
volves into type B, in which handaxes comprise less than 5%, and
sidescrapers only 4 to 10%, but backed knives contribute up to 20%,
and denticulates more than 25%. Intermediates between the two
types are found particularly during the transition in the Wurm I/II
Type B finally disappears in the mid “lirm II/III} where it is very
éimilar to Perigordian I (Bordes, 1961, 1968).

Se442.1 Significance of the Mousterian Assemblages

Because the different Mousterian assemblages are often
found interstratified in the same cave site, or in neighbouring
caves, the question of what tyve of man was using the different
kits has been one over which archeologists have debated for seve-
ral yearz, DBecause there seems to be no relationship between the
fauna and the  type of tool kit found in a site, Bordes (1961) con-
tends there iz not a seasonal relationship between the various kits,

He does, however, claim there is & one=-to-one correspondence
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between a given tool kit and a tribe of Neanderthals, Although
this is reasonable, the appearance of several kits in one cave in-~
dicates the tribes must have migrated several times during their
history, yet never exchanged any ideas with the other iribes who
obviously lived in the same area at least some of the time.

If, however, an as:zemblage of tools from several sites
is analyzed statistically for its associations of tool, called
factor analysis, a different picture is painted. The Binfords
(1966) analyzed assemblages from three sites, Shubbabiq and Jabrud
in the Middle East, and Houpeville in France. The tools clustered
well into several factors, each representing a different specia=--
lized kit, possibly used for such activities as butchering, wood
and bone working, food processing, and tool production. If such
was the case, then all the Neanderthals used essentially the same
basic kit but left different tool assemblages behind at sites,
because of the manner in which the site was used. This analysis,
hovever, is not statistically valid, becauseq for the number of
tool types considered, the number of sites or even levels within
the sites was insufficient to establish valid factors. To be valid,
the study would have had to have included many more sites. Other
similar more extensive studies have lezd to less conclusive results
(Xurashina, pers. comm,, 1979). Therefore, at present, neither
solution to the problem is conclusive, bpt nore research into the

uses to which each tool can be put may solve it in future,



208

5,43 The Upper Paleolithic

Following the disappearance of the Mousterian about 35 ka
BP, there arose several different cultures comprising the Upper
Paleolithic which lasted until approximately 10 to 12 Ka BP,
Unlike the Mousterian tocols, those of the Upper Paleolithic are
made predominantly on blades struck from specially prepared cores
by bone or wooden punches, - Consequently, the tools aprear more
delicate. Retouch was often very finely done because of the thin-
ness of the blades, Common Upper Paleolithic tools include end-
scrapers, burins, awls, backed knives and points, and truncated
pieces, A more conplete discussion of the Upper Paleolithic tool
types can be found in de Sonneville-Bordes and Perrot (1956).

Named for the site of Chattelperron, en Perigord, the Pe-
rigordian first aprears in the Wirm II/ITI, lasting until the ear-
ly Wirm III/IV. At least six different phases of Perigordian are
known, listed in Table 5.%. The first recognized art, small por-
table forms are associated with these sitesy notably Venus statues.

Found originally at Aurignac¢, the Aurignacian began slight-
ly later than the Perigordian, but also lasted a few thousand years
longer. Having at least five stages, the Aurignacian is noted for
its specialized scrapers and burins, the latter of which may have
been used to engrave bones found with the sites., The first of the
cave paintings, the primitive style, are also Aurignacian (Leroi-
Gourhan, 1968)._

Perhaps the most famous the Upper Paleolithic cultures is
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the Solutrean, lasting only a few thousand years in the early Wirnm
III/IV. The laurel leaf points:and blades of the Solutrean are one
i .. . major distinctions between it and the Perigordian or Aurig-
nacian, By using a small piece of wood or bone, extremely fine
flakes could be removed from flints held in t he bhand to produce
points many of which are too delicate to have béen utilized, and
perhaps constituted art forms. Painting during the Solutrean
reached 2 highly sophisticated form, stressing naturalism,

In the late Wirm III/IV, the Solutrean was displaced by
the Magdalenian, a culture having six stages. Named for the type
site of le Madaleine, its tools include scrapers and burins, in
addition to engraved bone and antler harpoon heads, spear points‘
with beveled and forked bases, needles, thong softeners, and spear-
throwers, Magdalenian art is classic, utilizing the features of
the rock faces to enhance the drawings, many of which overly one
another, Colour was used to highlight the engravings. Finally,
in the late lMagdalenizn the bow and arrow were included in the
tool kit.

“hen the Magdalenian, died with it died the Paleolithic,
and most of the traditions it had fostered, including cave painting,

and the Pleistocene also was over,



THE SITES IN THE CHARENTE

Some of the archeological sites which were first excavated by
professionals exist along the Charente River and its tributaries.
Along the Tardoire, in Figure 6.1, are two sites, Lachaise and
lontgaudier which contain artefzcts, hominid remains,and traver-
tines datable by the U/Th method. Although the latter site is only
’partially excavated, Lachaise not only is well-studied archeologi-
cally, the speleothems therein have provided some of the nost re-

liable U/Th dates yet obtained on archeologically-related calcite..
6.1 Geography

Climatologically, the Charente, although slightly farther
morth, is very similar to the Dordogne (Chapter 7,1). The
Charente River, from which the region derives its name, rises at
Limousin in the lassif Central; flowving 361 km westerly to the
Bay of Biscay, withh an average slope of 0,75 x 10-3. Near lMontbron
and Angoul@me, the countryside is composed of rolling hills, pro-
bably originally forested by decidous trees befg;e agriculture be-
gan. Qcecasionally, the ground is broken by escarpments of lime-
stone riddled with cavds and abris. Because the rezion is karstic

nost of the surface water exists in the armoured rivers. Agricul-

ture in the region is mainly forage crops, cattle, sheep, and goats,

21



Figure 6,1

The Charente, France
Caves and archeological sites in the area:
1. Lachaise
2. Montgaudier
3, Fontechevade
4, Grottes du Quéroy

5. Abri du Chasseur, etc.



XT#{ j’ :?2
ot

\




2%

6.2 Geology

In the northern part of the Charente, the basement is a
garnet-becring mica schist covered by a post-Paleozoic salt
layer., This southern part, acting as a stable craton was ero-
ded during the late Pzleozoic, and subseguently covered by up to
800 nm of Jurassic sediments, much of it limestones. The late
Jurassic saw a lake or epeiric seas which deposited shales, the
marly Rochefoucauld limestone, and kocally, gypsum. Some of the
region has not been emersed since the Jurassic seas departed.

The Cretaceous strata, where present, are pyritiferous coals,
shales, and limestones (Debenath, 1974).

In the early Tertiary, the area was deformed slightly to
cause several NVW-SE trending anticlines and synclines. In the Eo-
cene, much of the Jurassic limestone was eroded into typical karst
landforms, especially noficeable near la Rochefoucauld.. Primarily,
the softest layers were attacked resulting in abris and overhangs.
Between Jonzac and the Charente River, the region was covered by

detrital sediments, forming acidic soils, called " le Pays de Bois,

Between les Bois and the ridges near Angoul@me is the Charentais
region, marked by dolines and bell-shaped depressions, filled by
calcareous soils intermixed with the red Bois soils. Finally, the
Plio-Quaternary deformsation forming the Alps affected the area.
Tre whole pattern is further complicated by the drainage system

and its interaction with the karst.
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6.2,1 The Charente Karst

Because of the extensive karst development near la Roche-
foucauld, many caves and zbris have been formed which were used
by Paleolithic¢ hominids,, The Charente Karst occupies approximately
400 kmz, bordered by the Limousin Plateau (Massif Central) to the
east, A joint system trends MNW-SE through the area, varticularly
well-parked between Hontbron and la Rochefoucauld (Figure 6.2).

The karst system strongly influences the drainage pattern,
especially of the Tardoire and Bandiat. Between Vouthon and la
Rochefoucauld, the Tardoire has seven sinkholes, while the Bandiat
has thirteen near Agris, some reaching 10 m in diameter. Hone of |
these dolines allow access to the subterranian system, but much of
the water must flow generally SW to the edge of the karst to resurge

as a spring flowing into the Touvre River. La Font de Lussac, how-

ever, has been explored to a depth of 70 n, Lachaise Cave is
zctive as a éonduit, and probably has been active through much of
its history.

In the Tardoire Vzlley, the Jurassic limestone bluffs reach
up to 50 m in height riddled by caves and abris. These limestones
are almost pure or slightly dolonitic, porous, fine-grained . rocks
which contzin larger, more well-developed cave systems than the
Cretaceous limestones. Some caves have developed on several levels,
connected by puits, while others are horizontal and of uniform
width, Both Lachaise and lMontgaudier are found in Jurassic lime-

stones, zlthough they differ radiczlly in appearance,.



Figure 6.2

The Charente Karst
1. Mansle
2., Puy-=Bouc
3. Montbron
4, La Rochefoucauld
5. Agris
6. Marathon
7. The source of the Trouvre River
8. Angouleme
9. The Touvre River
10, The Echelle River
A, The Horst of 1'Arbre

B. The tectonic depression of La Rochefoucauld-~

Chasseneuil
C, The Puy-Bouc Syncline
D, The fosse of the Bandiat
E, The fosse of the Touvre
+ Dry valleys
*+*+_ Eastern edge of Massif Central

>>777 5ynclinal axis
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6.3 Lachaise

Lachaise Cave, a complex of three caves, contains two enig=-
matic skulls, many rich archeological layers, and a rich fsunal
sWite interbedded with several staslagmitic planchers of pure cal=-
cite., Although the cave has been excavated since the mid-nineteenth
century, there are still problems in interpreting the archeological
data, 411 the data given below regarding the sedimentology and
archeology is taken from Deb®nath (1974), Debénath (1977), and

“Schwarcz and Debénath (1978), where not otherwise noted.

6.3.1 The History of Excavation at Lachaise

L'abri Bourgeois-Delaunay at Lachaise was first discovered
by Fermond, who beganvexcavating there about 1850, 1In 1865, the
Abbés Bourgeois and Delaunay, for whom the abri is named, began a
more extensive investigation. Fermond returned, and in 1894, pub-
lished a2 paper discussing the Upper Paleolithic industries. In 1910,
Chauvet worked the site., Probasbly Lartet, Vibraye, and Tremeau de
Rochebrune al=zo excavated there,

About 1870, Abbé Suard opvened up Abri Suard, which had been
conmpletely filled with sediments until then: Subsequently, many
amateur collectors destroyed much of the material in Suard. 1In
1936, David began a systematic excavation in Suard., In 1954, he
discovered Duport Cave, named for his partner.

David sxcavated both Suard aznd Bourgeois-Delaunay from about
1950 until his death in 1963, His techniques, however, often left

something to be desired. Because of the extremely well-cemented
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sediments in Suard, he often resorted to dynamiting the material,

a technigue not conducive to great stratigraphic control, When
Debénath began to excavate in 1967, the owner of the chateau which
sits atop the caves was reluctant to give his permission, because
part of his chateau had collapsed due to the blasting (Figure 6.3).
Debenath, who agreed not to dynamite the caves, has excavated there
since 1967, but only recently has done any work in Duport Cave,

having concentrated on Suard and Bourgeocis-Delaunay.

6.,3.2 General Description

Midway between Montbren and Vilhonneur on the banks of the
Tardoire sits the hamlet of Lackaise, beneath which is the cave sys-
tem, A promontory of mid-Jurassic limestone emerges from the Ter-
tiary cover at Lachaise. Because the limestone comprises an upper
hard crystalline limestone and a lower more easily-eroded, soft hori-
zon, many small abris and&complex of caves open to the northeast
along the course of the Tardoire near Lachaise.

Of the many caves and abris, only four have been extensively
excavated: abris Suard, and Bourgeois-Delaunay, Duport Cave, and
one other north of these three excavated by Pintaud., Figure 6.4
depicts the first three, which form a network of caves, abris, and
passageways. Duport, the smallest of the three, is a true cave
measuring about 10 m in depth and 8 m wide. A small passage at the
rear connects it with Bourgeois-Delaunay, a cave some 20 m deep,
15 m wide, and more than 10 m in height. To the northwest in Bour-

geois-Delaunay is a passage to Suard, which measure 40 m deep, but



Figure 6,3

Lachaise chateau;

During David's exca;ations in Abri Suard, he used dynamite
to removed the indurated sediments. After several years

of blasting the southeast tower of the chateau collapsed,
the tower closest to the girl in the picture, which starts
at the second storey unlike the other three. When Débénath
came to begin his excavations in 1967, the chateau owner
did not want him-to work there for fear of loosing &mother
tower to science, Fortunately, work proceeded because
Débénath agreed to use no dynamite (Débéhath, pers. comm,

1979).






Figure 6.4

Plan view of Lachaise.

Uncircled numbers refer tothe series of sedimentological
samples studied by Débénath, while circled numbers repre-
sent travertine samples within Lachaise collected in 1979
for dating. If <::> is the number, then the sample number

is actually 795613 (adapted from DEb&nath, 1974),
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averages 10 m wide and 2 to 3 m high, UWithin Suard are many small

grottos, Passages, and leads, At the back of Suard, active depo-
sition is occuring, as shown in Figure 6.5, while at a lower

level, erosion is occuring. The levels are connected by é shaft.

Because no recent excavations have occurred at Duport and

no samples were collected there, it will be ignored from here,

6.3,3 Stratigraphy
Because both Suzrd and Bourgeois-Delaunay were extensively
excavated by David before Debfnath worked the sites, there are two
sets of stratigraphy for each, David did not give thickness!
6.3.3.1 Bourgeois-Delaunay
According to David (in Deb&nath, 1974), the upper part of
the stratigraphy in Bourgeois-Delcunay, the witness section for
which is shown in Figure 6,6a, was from the top: .
1., Relict soil.
2a, An Aurignacién level with many types of fauna and
two liying floors,
2b. pocally, blocks of &boulis,
2c. Locally, worked bones.
3. Sterile red sandy silt.
L, in archeolcgiczlly sterile layer with meny faunal
remains.
5. Sterile red sand. .
6, A Mousterian layer with fauna.
7. Stzlagmitic plesncher averaging less than 0,1 m thick,

not continuous throughout the abri, well fractured.



Figure 6.5

Active speieothem deposition in Lachaise.

In Abri Suard, some 35 m from the opening, active
speleothen deposition is occurring. Similar deposition
occurs thoughout the back of the cave.(photo courtesy

of H, Schwarcz),






Figure 6,6

Stratigraphy in Bourgeois-Delaunay:

A,

B,

David's witness section in the rear

of Bourgeois-=Delaunay, couches 1 -

7.

Débénath's witness section in Bourgeois=-

Delaunay, couches 7 - 11.

Couches-7 - 1%, in cut number 5, Bourgeois

Delaunay east side.

A remnant of couche 7 (also in C far right
middle).

Couche 11.

Close-up of the structure in couch 11,

The section along the west side of squares
I - X 5, around the corner to the nopgh

side of squares I5 & 6, cuts 2 and 3.

(photos courtesy of H, Schwarcz; diagram adapted

from Débénath, 1974)
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Debénath's excavations resulted in the following stratigra-
phy, continuing from layer 7 down, as shown in Figure 6.6e,f;
8. Total thickness 0,45 m (a-d only),
8a, A zone  of alteration immediately below the stalag-
mitic plancher.
8b., Layer with rounded calcareous elements, very altered.
8c. Yellow sandy silt
8d., Red sandy silt.
8e (8') Oxides of manganese, Mousterian assemblage, 0,15
m thick (David's layer 9).
9., Total thickness from 0,2 to O.4 m (a,b only).
9a. Silty sand with some rounded caleareous elements,
very altered, ancrusted with manganese.
9b. Very similar to 9a, but contain a higher percentage
of silt, |
9¢ (9') Thin white powdery layer with rare tools, 0.15 m
maximum, divisible into two layers in the west (cut 5}.
9cl, wvary rich in manganese, otherwise similar to 9c¢,
9¢2. As described in 9¢, varved.
10, Biown silt with rare calcareous elements, very altered
with abundent fauna, Mousterian culture, 0.30 m thick,
11, Stalagmitic plancher averaging 0.15 m thick.
12, Large éboulis and roof debris, altered and encrusted
with manganese.
13, Beds of sand and silt with rare gravel (maximum

diameter 3 cm) interbedded with manganese-rich layers.
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This stratigraphy is fairly constant throughout the western and
northern portions of the abri, but in cut 5 (Figure 6.7), the stra-
tigraphy was different (no thicknesses given):

1. Relict soil,

A0, Thin layer of pebbles,

Al, . Thermoclastic eboulis enclosing frost-cracked

pebbles in a sandy matrix.

Bl. Small rounded éboulis, very altered.

B2. Gravel in a sandy matrix,

Cl. Rounded calcareous elements, very altered,

C2, Sandy silt with rare éboulis.

Dl. Small pebbles,

D2, Very silty with almost no calcareous elements,

E., Manganese nodules,

F, Broun silt with very altered calcareous elements.
The rglationship between the two stratigraphies given is listed
in Table 6,1, Layer 13 lies on limestone, but whether it is the
basement or a debris fall of massive proportions is impossible to
say.

At the front of Bourgeois-Delaunay, what is now outside
the dripline, but was inside the cave at one time, the stratigraphy

is different again (no thickness given):

«. Small angular, calcareous elements in a yellow sand

matrix,

g. Red soil with an Upper Paleolithic industry.

Y 1. Small éboulis with shapp edges cemented in place.



Pigure 6,7

Stratigraphic section of cut 5, Abri Bourgeois-Delaunay,
Lachaise (after Débenath, 1974)
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Table 6,1

Correspondence Between the Excavations

of David and Débénath in Abri Bourgeois-

Delaunay
David?!s Débénath's
Excavations Excavations
Frontal Cut : Sagittal Cut
West East
AQ
Al
Bl
B2
8a 8a
8b 8b Cl
8 8¢ 8e c2
? ? D1
84 8d D2
8e 8e E
ba
9 Fr?
9 9b
9cl
S¢ '
9c2
10 10 10
11 11 11
12 12
13 13

(after Débenath, 1974)




¥ 2,
5.

237

Large blocks of roof rock,

Small rounded éboulis, very altered.

Silty matrix enclosing a lens of manganese oxides.
Small rounded ébouiis in a silty matrix.

Silt with altered &boulis.

The manner in which this stratigraphy matches the others is not

fully understood,

6e3.3.2 Suard

Suard, originally blasted apart by David, has its strati-

graphy numbered from 50, because Debénatls section did not corres-

pond to anything described by David. Therefore, to prevent confu-

sion, new numbers were assigned, Debéhath's ~layer 50 probably

corresponds to David's VIII, Figure 6.8 shows the-witness,section;

Debénaths stratigraphy from the top is:

48,

4o,

50.

50a,

50be

50¢c.

Small cryoclastic éboulis, cemented, with numerous
cryoturbated lesions.

Eboulis similar to those in 48, sapdy matrix, not
cemented, .
Large blocksvof fallen roof rock.

Blocks.

Fine éboulis in a sandy matrix with cryoturbated
lesions,

Blocks.,

The blocks in 50 a~c have fallen as flagstones, then
been cemented in place by calcareous concretions be-

neath the blockse.



Figure

6.8

Stratigraphy of Abri Suard, Lachaise:

A,

C.
D.

(photos

Witness section in Abri Suard, couches I
- VIII

Couche 53' (53c), near where 79LC17 was
collected, |
Diagramatic section of couches 48 to 54,
Diagramatic.section of couches 2.to 10.

courtesy of H., Schwarcz; diagrams from

Débénath, 1974)
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51. Small calcareous blaocks, .cemented in some places in
a yellow sand matrix.
52, A red silty matrix, otherwise as 51.
53a. Brown silty matrix containing large calcareous blocks.
53b. Yellow sand matrix with blocks similar to those in 53a.
53¢ (53') Stalagmitic plancher about 10 cm thick, often
refered to as the Plancher Inférieur.
54, An assemblage of sandy silty layers ressembling layer
13 in Bourgeois-Delaunay in some respects. This layer
is up to 2 m thick, sterile, and overlies limestone,
either native rock or collapsed roof rock, The lime-
stone is 1,5 m thick at the minimum,
Layers 48 to 53b measure . about 2.5 m outside the front of the
present cave entrance, but thin down to l.5m inside in squares
Q20 and Q21, beyond which it is very difficult to distinguish them due
to the intense alteration. 1Inside, these layers are overlain by
a stalagmitic plancher, known as the Plancher Supériegr, averaging
about 0,50 m thick.
6434303 Comparison between Bourgeois-Delaunay and Suard
Although Bourgeois-Delaunay is an assemblage of solutionally
altered sediments, Suard contains calcite-cemented gboulis. How
two caves so close to one another could have experienced such dif-
ferent styles of sedimentation, especially as many of the levels
are supposed contemporaneous, is a problem, Furthermore, although
both caves contain stalagmitic planchers, layer 11 in Bourgeois-

Delaunay apparently corresponds to the plancher supérieur in Suard,
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This correlation, however is not absolutely certain, because, al-
though the sedipments can be traced into the couloir into Suard,

the correlation within Suard is uncertain because much of the inter-
vening material was removed by David, whose descriptions match

none of the'sediments seen, Table 6,2 gives the correspondence,

6.3.4 Archeology

Several levels of human occupation have been found in La-
chaise ranging from the upper Acheulian to the Upper Paleolithic,
6.3.4;1 Suard

Pables 6.3 to 6,2 describe in detail the archeological
naterial found in Suard, layers I and II excavated by David.

These have been grouped by Debéﬁath into Pacies C, a composite
industry having a low index for both blades and Levallois technique,
but a high facetting index., This facies, an early form of Moustew-
rian is thought to be an in situ development from Facies B, loca-
lized in the Tardoire region.

Facies B, like C, has a low Levallois index, but a high
facetting index. This facies comprises layers III to VIII (David)
Tables 6.6 to 6,16 and layer 50 (Debénath) table: 6.197
Facies A again has a low Levallois index, but a high facetting index,
as represented by lagers ., 51 to 53 (Debénath) Tables 6.18 to 6.22.

In general, the industry is unique, although it is a bifa-
cially based one., Generally, the tools are very small for Acheu-
lian or early Mousterian, in addition to being irregular in form.

Cobbles form 2 significant portion of the raw material used for



Table 6,2 Débénath's Chronology for Lachaise iediments

Age Abri Abri  3Suard ]
Bourgeois=~- B
Delaunay Débénath's David's t
Bxcavations Excavations
. )
Yurm III ; 2 |
1
Yurm II/IIT | 3?
‘ 4
Yurm II § 5
i
; 6
Yurn 1I/IX % ?
. i . (Plancher)
i 8a
8b
urm I Qa I
9b
! 10
’ —— - - II- =~
|
Rizs/Hurm 1
(clancher) (plancher) (brececia)
IIT-IV
V-Vl
48 vII
49 VIII
50
Riss III
51
52
53
Riss II/III 12 (plancker)
Riss II 132 4

(after Débénathn, 1974)
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Table 6,3  Tool Typology, Couche I, , Fercontage Percentage

Abri Suard, Lachaise

I3

£ 21, -3idescreper, asymuetirical ) o 0 0

Tool : .- " lumber _ Total  Restricted. .
: Pe : .
) B Percentugﬂv Percentage iw u: 22, Sidescraper, trunsverse . 0 N 0
¥ BN L L P ) ) straight
1. Typical Levallois flake- ;f, _ 6 ': 6.0 - : ~'z“f o : . 23, Sidescrajer, transverse convex 3 3,0 5.5
2, Atypical Levallois flake ";:' 12 0 12,0 - ‘ "v“L . <2k, - 3idescroper, tranavarze concave 0 0 o
3. Levallois point 0 o S o "j S j 25, Sidascraper, retouched on the 0 o "+ 0
: o Leo ventral surfe
4, Retouched Levallois point 0 ) -0 , » EaLE urtace .
: . L ' 26, “Sidescraver, with abrupt
5. Pseudo-Levallois point o 0 0 ‘ : ' ‘ TV retouch 0 0 °
I g 2 : ' . i . ) .
. Housterisn point . o o ., 0. A 27, . Sidescrarer, with thin back 0 0 0
fouss L . o : - ;
7. Elongated lousterian point - { fi} Ly °f~ E 0 ) 28,  3idescrarer, bifacial retouch 0 0
hd e - N ('
8. Liumsue . 0 -0 ;: Rt ° i 29, ‘Sidescrarer, with alternate 0 0 0
. DR Cat it - - . retouch :
9, Sidescraper, single straight . 5 5,0 .07 93 . - c
‘ o T Shei 30, Typleal 2 ,
10, Sidescraper, sirgle convex = 13 13,0 . 2kl S 3 yricel. endscruper 0 0 0
IR : 1, Atyrical endscraper .
11, 3idescrarer, single concave -~ ' 1 1.0 o 1.9 3 yrical endscraper 0 0 0
: s . Typleal b ' o :
12, Sidescra:ier, double straight o o 0 _\32 ) Jpie urin . . Y Y 0
) L . : con Jo o Atyzical burin v
13, sidescraper, double straight: 0 0 o i aiyeical bur n: 'y <, o 0 . 0
Gonvex } . l - T ‘» s 34,  Typical borer _E ) ! 1 1.0 1.9
14, OSidescrajer, double straight . 3. 1.0 “”' Sh9 i 35.  Rtypiecsl borer - 1 1.0 1.9
coacave : : . e : :
e : 36,  Typical backed knife .
15, Sidescraper, double biconvex 1 © 0 149 o P ¥ L 0 0 o
N s : s s 0 e 37, Atypical becked knife ) 0 0
15, JSidescraper, double biconcave o 0 NS0 - S .
oo L L : PR .+ 38,  Vaturally backed knife . L0 0 "o
17. J3idescraper, double convex 0 - 0, o R ;
concave ’ ;0 33,  Housterlan raclette ] 1,0 1.9
18, &Sidescraper, converzent straisht o 0 0 ;{:‘; ’ ; 40" Truncated piece o o o
19, Sidescrager, convergent convex 1 10 o 1249 . .41, llousterian tranchet ¢ 0 0 0
. ) T Ly X )
201 sidezerzrer, convergent concave ,0 0 - ’;._‘,0 A: ; j . 6 - 6.0 1.1

" Nlotched .pieces’

S



Teble 6.4

Taol

nusber

dlnsoraner, trinzverse 3
straizht

magracar, tronsverce convex 11
sideseroper, tronsverse concrve 1

retouchind on the 7
ventral surfice

mrer, with abrunt C2 .
retouch
derarorar, with thin buek 5
‘idzuzerever, bifaci=l retouch 6
idezernrer, with alternale (o]
ratonech

ftyricil endscraper
Trricnl burin

Stycictl burin

LA I - SRV BV B V]

Torienl Sorep

Abcpiend bﬁfer" ' 2
Trriesi boacied knife 0
strricsl brcied hnife 1
Uaturall:s baclied knife 12
Pounterian ranlotte 2
Tranzoted ziace 3
Countertan tranchet 0
Joieled picces 31

Total
Fercentuge

1.1
0.4

1.4
0.1
0.9

0,2

0.6

0.7

0.2
0.6
Ok
0.7
0,2

0,2

0.1
1.5
0.2

Okt

3.9

Restricted
Percentage

2.7

0.9

3.3
0.3
2.1

0.6

1.5
1.8

0.6
1.5
0.9
1.8
0.6

0.6

0.3
3.6
0.6

0,9

9.4

Denticulite
Bec burinante alterne

lake, ratomchod cn the
1

rentrol suriucn

i‘iscallunesus retouchard
abrurt thicz retecuch

Uizecllenzous retouchszd
z1hnrnt b Eaich retouch

iscell: aeous rotouched
anprunt thin retonch

tizcallaneous retoucied
altarncte thin retouch

Flniae, bifeciel retouch
Tayrc roint

Totelal triznzle
Fzeuldo-nicrokurin
Flzk~, notched end
Clezvers

Pabat (olane)

ttexrinn toaced point
Taned plecs

Chonnar

Tavnrza choner

Chanuing tozl -

Tinccliznenus vince

Blrlktspitoen

Total

inmber

51

Zlake,

311
flake,

flzke,
68

flale,

10

o © o ©o O o o

w © o ©

Totel Regtricted

Percentage Tercentage

949 15.5
0.1 0.3

1.0

38,6

8.4 \

o
o ©c o © © o

o
o ©

(=]
[

0.6 ’ 1.5
3.0 8.8

(%28)

103.0 D2



Table 6.5' Tachnical and Typological Indices und Churactleristic

Groups, Couche II, Abri Jucrd, Luchaise

Index

Levallois
Fuccetting
Resiricted Facetting

Blude (lsuiallar)

Typolopical Levallois
Sidescraper (Group II)
Total Acheulian
Unifzcial Acheulian
Bifacial

Charentien

Quina

Group I: tools # 1 - 4
Group IIT:

Group IV: denticulates

tools ff 30 = 37, 40

Totul

10,47
Ukl
45,10

531

1C. 0

PRectlricted
f

Ge3
Pel
15.5

Tool

18,
19,

N
20,

Table 6.6

Abri Suard, Lachaice

Typical Levallois flaxe
Atypical Levallois flale
Levallois point

Retouched Levallois point
Pseudo~Llevallois point
llousterian point

Eluongated iiousteriun point
Linsce

Sidescraper, single strzicht
Sidescroper, single couvex
Sidescreper, single coneavas

3idescrarer, double strgisht
N .

o
sidescraper, double straight

cenvex

Zidescraer, double straijght
concave

Sidescraper, double bicoanvex
Sidescraper, double biconcave

Sidescraper, double convex
concive

Tunber

18
40
7
1
%

0

[¢]

Sidescraper, convergent straizht 2

Sidescraper, convercent convax

sidescrater, convergent concuve

4

o

Tool Trypology, Couche ILI,

Totul
fereentu;e

0.2

0.8

1.7

stricted

orcentare



Tool fuzber ¢ Total kestricted Tool

inmber Total Restrick
Fercentuge Percentage ¢ stricted

Percentage TFercentage

4%, Denticulute
21, Sidescrzper, asymuetrical 0 [¢] o] : 34 19.1 34.3
44, Pec burinante alterne 0,
22, Yidescraper, traonsverse 1 9-6 1.0 ! 6 1-0
straight 4%, TFlake, retonchad on the 4 2.2 4,0
¢ . vensral zurfuce
23, Sidescrazer, transverse convex 2 1.1 2.0 ) '
45, illscellaneous retouched flake
24, Sidescroper, trunsverze concave 1 0.6 1.0 abrurt thicx retouch ) 0 0
25, Sidescraper, retouched on the 2 1.1 240 47, liiscellaneous reteuchszd flake, 0 0
ventral surfuace zltorazte thich retouch
26, Sidescraper, with abrupt 1 0.6 1.0 . 43, lliscellaneous rctouched flazke,
retouch . abrurt thin retouch
27. Sidescraper, with thin back 0 o 0 49, viscellaneons retouched flake, 39 21.3
. G } e alterante thin retouch
26, Sidescrarer, bifacial retouch 1 Tt 0,6 1,0
%0, Flake, bifacizl retouch 5 2.8
20, Sidescrayer, witi alternate 0 0 0 .
retouch . 51. Ta:,'ac noint 1 0.6 1.0
30, Typical endscraper 1 0.6 1.0 952, TPotehed triangle 0 0 0
31, Atyoical endscraper [¢] [ ] Sie Fseudo-nicroburin 0 0 0
32, Typical burin 0 ] 0 54, Tlake, notched end 0 0 0
37, Atypical burin 2 1.1 2.0 55, Cleuvers S 0 0 0
3%, Typical borer 0 o] 0 t6, Paboi (slane) 0 ) 0
35, Atypical borer 1 0.6 1.0 57. Aterian tanged point 0 0, 0
36, Typical backed knife 3 1,7 3.0 53. Tan;ed piece o 0 0
37. Atyvical backed knife 4 2,2 4,0 20, Chenner 1 0.6 1.0
v el . .
28, iluturally buchked kulfe 3 1.7 3,0 60, Inverse chopoer 0 o 0
39, Housterian raclette 2 1.1 2.0 51, Chopring tool 0 0 0
40, Truncated piece 2 1.1 240 €2, liscellancous rince . 5 2.8 5.1
Py L
41, Iliousterian tranchot 0 0 0 63, Blottspitzen 0 0 [¢]
42, ilotched pleces 12 6,8 12,1
178 99.5 99.7
(99)



Tunle 6.?. Technical #nd Typolozical Indices and Characteristic

Grours, Couche I1I, Abri Suard, hLachuaise

lLevallotls

weotting

lentricted Mucotting

Blade (lruellar)

prvolocien) Lavallois

Sidescerapar (Group IT)

Tot:l Acheulizn

Vinifrcinl Scheulinn

Bifneciel
Charenticn

Quling

Group It tools /1 - &
tiroup 1iT: tools ¢ 2Q - 37, 40

Groun IV: denticul-tes

Yotal

13,60

56,13

48,87

943

15,8

22.2

1.8
6.6
9.4

Resiricted

37.6
10.7
2.8
8.1
16.9

11.2
15,8

Table 6.8

Tool

e

10,
11.
12,

15,

14.

18,
19.

20,

Tool Typology, Couche 1y,

Abri Suard, Lachaise

Typical Levallois flake

Atypical Levallois flake

Tievallois point

Retouched Levallois point

Preudo=Levallois point

Mousterian point

Elongated llousterian point

Linace

Sidescrayper,
Sidescraper,
Sidescraper,
Sidescrarer,

Bidescruyer,

Sideseraer,

Sidescraver,
Sidescraver,

Sidescraper,

Sidescraper,

single stroight
sirgle convex
single concnv;

double straijht

double straight
convex

double straisht
concrive

double biconvex

double bicong: ve
double convex
concive

fluniber

conver;ent straient ]

Sidescraper, convergent convex 14

Sidescriper, convevsont cenenve 0

Tetul
lFercentu;e

4.9

10.3

Lricted
repcentune

0y



W

Tnnl Jshor
Tool faber Toial Restricted !
Fercentuge Percentuge
3. Denticualste 150 13,3 258
21, Jldescreyper, asymmetrical 11 1.0 1.7 44, Rec bhurinznte sltarne 10 0,9 1.5
&he oldescraper, trunsverse 1 e V.l Q2 43, TFlake, retauchad on ihe 13 1.1
straicht " vantral surlucn
”
23, 3Sidescra:zer, transverse convex 7 0.6 1.1 46, isealluucons retouched flone,
- abrunt thick reteouch
2%, oidescroper, tronsverse concéve 0 0 .
4%, Fizcellaneousz ratouch:d 120 10,6
2%, ZIidescraper, retouched on the 11 1.0 1.7 :1ternate taichk vetauch
ventral surfuce
4%, Iliscellaneous ritouchad fluin,
26, oidercrviaier, wilh abrupt 8 0.7 1.2 abrnpt thin retouch
retouch ) 154 15,6
49, Piscellaneouz retovched floke,
27. tdescroter, -with thin back 2 0.2 0.3 alternate thin retouch
z'e ldezcraier, bifacizl retouch 4! U4 0.6 50, Flake, bifaciel rctouch 13 1.1
29, sidezcrajer, with alternate 4 0.4 0.6 51, Tayac polnt 0 0 o
retcuch
52, HFotecled trinngle 0 0 0
3. Typlenl endscruyer 11 1.0 1.7
%4%e TFseudo-microburin 0 0 0
71, Atyricul endscraper [ V] 0.9
5%, Flakie, notched end 6 0.5 C.0
‘2. Typical burin 3 03 0.5 . .
¢, Cleavers ) LA ., 0 4] o]
2. Atypical burin 7 0.6 1.1 "
56, Rabot (plane) o o 0
. Typical torer 3 0.3 0.8
: 57. Aterian tanged point 0 0 O
I, Atyylewl borer 3 0.3 0.5
53, Tanged piece o 0 o]
36, Typicol bLacked knife 5 Q.4 0.8
59, Choppar 1 0,1 a2
e stypienl bazcicd knife 9 0.8 1.4
: 60, Inverse chovper 0 0 0
€, iturally backed nnile 10 0.9 1.5
5l., Chepzing teol n 0.2 0,3
3. Fousterian racletie 21 1.9 3,2
62, liscellnnzcus piece 53 h.1 3.8
4y Truncated jiece 16 1.4 2.4
673, Blattspitzen 0 o] 0
41, lousterian tranclet [¢] o} (¢}
L2, liotched pleces 63 Hel .6 Total 1132 101,4 101,90

254



Tablec6,10 Taol froolagy, Zouche V,

- Abri Suard, Lachuise
Tool unbaer Tetnl Restricted
- Parcentaype Percentage
1. Trpical Levallois fluke 18 3.6
2, Atyrical Levallois fluke 64 13,5
] 3, Levallois point 1 0.2
Y, TReotouclied Levallois point 0 ¢}
Table 6,9 Technical snd Typolosical Indices und Thuruciariztic 5. Freudo-levnliols point 1 0.2 o4
Grouxs, Conche Iv, Abri Suard, Luchaise G, lousterian point 2 0.4 0,8
7. kElungeted ilousterian point o] 0 0]
ndex Totul Rectricted
fde ‘ 2. 0 0 0
Levallois 15,64 9. 3idescriyer, single struight 8 1.6 3,2
Facotting 58,64 10, GSides:s sinzle convex 26 5.2 "10,3
vestriclted Facetting 52,42 11, Jdidescruvner, single conenve 5 1.0 2.0
Blade (lauellar) 11,20 12, Sidescra er, donble stroijht 0 0 0
17, Jidescrafdr, dsouble straight 2 (R} 0,8
Tynological Levallois 15,9 0.3 convesy o
Sidescraper (Group II) 23.4 I, 2 14, Jidesers :er, uoubtle straight 0 0 0
conzave
Total Acheulian 3.2 Led - X : .
15, Sidesgcraar, double biconvex 1 0,2 0.4
Unifzecial icheulizn 0.7 2.1 R . .
1%, Zidescraver, duouble bicencuve 0 0 0
Bifacial 2,0 ER
. 17. osidesernier, double convex 2 0.4 0.8
Charentien 12,3 21.1 Concive
Quina 1.5 15, OSldesarsper, coenver ent straisht o 0 . 0
19, sidescrager, conversent convex 2 0.4 0.8
Group I: tools /i 1 = 4 15.5 0.3
27, Vioeger ounr, converjent couchve 0
Group IIT: tools # 30 = 37, 40 5.5 9.5
Group IV: denticulites 13,3 22.8

(57



Tcol iusher

Si-escraner, trin versze 0
straizht

tronzverse convex o]

tronsverse conchve 0

retonched on the 15
ventrel surfuce £
Sidercri,er, with abrupt )

retouch

Sidenercer, with thin bzek 0
Sidecerzrer, bifacisl retouch 5
Siterero, ne, with allernzte 1

ratsuch

Typ'zc 1 endseruarer 2
ftrvical endscrayper 3
Triieanl burin 1

Strrienl barin
T rienl lapep
At-rical berer

Trrical baciteda knife

AN nNO WU

Atrticel hre.cd “nife

A turally backed uive 12

Housiterian roclatte 2
Tronzat 1 ;ince 3
Moriterian tranchst 0

Noteled ricees 31

Total
Fercentuge

0.4

1.0

0,2

0.4
0.6
0.2
1,0

0.6

0.4
1.2
2.4

Bostricted
Percentage

0.8

2.9

2.0
0.4

0.8
1.2
(VRS
2.0

l.2

ool Immber
4G, Derticnl:te 83
J4h. Bec burinznte altbrne 1
41, Flake, ratouched on the 15
ventinl sueluce
G, isenllungons retauched flone,
sernh o thiekr reteuch
23
47, Mi-zellwneosus rateuzhed flake, :
slhborntte khicl vetouch
24, Mirenll-neous rotouched fluba,
zbrnet thin ratouch
43, Fiseallaneous retonched flnke, 119
altarnate thin retouch
iCe Flote, bifocinl retouch 6
51.  Tayne roint b 1
1
2. Ioteled triangle 0
Zie  Ioeudo-niicroburin 0
The Flike, notehed end 0
“-. Clenvors 0
“6.  Roabot (slane) 0
97. Aterian tanced point 0
8, Toned rince ' 0
SO, Chopver (¢}
64, Taverze chonrer o)
1, Chapting tool 0
2, Misecplirneons pince ' 27
5. Blattspilzen 0

Tot:l
Porcenta e

16.5
0,2

3.0

4.6

23.7

Restricted
Fercentage

32,8
0.4

10,7

Total 03

(253)

100,95

100,3

=507



Table 6)2 Tool Typology, Couche VI,

Table 6,}| Technical and Typological Indices and Charscteristic
Abri Suard, Lachaise

Grours, Couche V, Abri Suard, Lachaize

) Tool Tunber Tctal Restrictod
Index Totzl  Restricted Yercentage Forcentage
Levallois 17.90 . 1. Typlcal Levallois flake 5 2.8
Facetting 65,02 2, Atyp%cal Levallois flalke . 26 14,9
Restricted Facetting . 58,96 b . 3. Levallois point Q 0
Blade (lamellar) 13,23 AN t T 4, Retouched lLevallois point 1 0,6 1.0
5. Pseudo~levallois point 0 [+] (4]
Aypological Levallois 17.3 1) 6. Mousterian point o 0 o
3idescraper (Group II) 13,5 26.5 7. Elongated lousterian point . o o o
Total Acheulian 1.9 3.8 8. Linace 0 0 0
Unifzcial Acheulizn 1.6 3.2 9, Sidescraper, single straight 5 2.8 5.1
Bifaciel 0.4 0.8 10, Sidescraper, single convex 6 3.4 6.1
Charentien %e3 10.7 11, Sidescreper, single concave 2 1.1 2.0
Quina ) 1.5 12, Sidescrazer, double straight 1 0_6' 1.0
‘Group I: tools #1 -4 17.3 o 13, 3idescraper, doubl? straight 0 0 1.0
. convex
Group I1It tools # 30 = 37, 40 &9 9.9 ' 14, B3idescrayer, double straight 1 0,6 1,0
Group IV: denticulates 16.5 32.8 concave
15. Sidescraper, double bicon¥ex 1 0.6 1.0
15, Sidescraver, double biconcave 0 0 o
17. Sidescraper, double convex 0 0 0
concave
18, Sidescraper, conver;ent strai?ht 1 0.6 1.0
19, Sidescraper, convergent convex @ 0 ' o

20, Jidegerarer, convergent concave 0 0 0



Yool Swsber Total Restricted

Fercentuge Percentage Tool Toer Cotsl
" Inrcanta -2

21, idtszeraver, o 4 0.8 1.4 43, Denticulsle 45 DN 1.8
€7 wideser Lnsvirie 0 Y 0 4h, Bec burinznta sltcrne 3 0.6 1.1

straizht

47, TFlake, rctouchad on the 13 2.7
23, Gideserucaer, transverse convex 4 0.8 1.4 *prntenl supfion
24, Jileserirer, tronsvarce concive 1 0.2 (S 5, lilscelluneous retouched Jlane,
abruyt thick rebruch

2%, Jilescraner, rotouched on the 11 2.3 3.9 }

vantrel suriuce N 47, lisecellansous patouch:d flake, 29 6.0

L Y zltern~te thichk vetsuch

20, Gidecerrver, with aboupt o}
ratoack 3. liiscellzneous r:tonched fliie,

. abrnpt ibhin retouch

cer, with thin baceh 0 V] 0 7 oy

€] RS

49, Eiscellaneous retovched floke,

2, cer, bifaeisl retouch 2 b 0.7 alternate thin retouch
[ cor, it alternzte 1 0.2 0.4 50, Flake, bifaciel rotouch Q 1.9
retsuch

51. Tayac point . 1 0,2 0.4
. Triienl endueruser 2 0.4 0.7 ' '

52, totched triznsle ' o] 0 0
$le Mtyricul endscrurer 3 6.6 1.1 )

%6 Pseudownicroburin 4] 0 G
2. Typicel burin 3 0,6 1.1

4, Tlake, notched end 0 0 0
2, Atroicul buria [3 1.2 2.1

. ‘ 54, Cleavers 0 0 0

34, yiical iover 1 0.2 Ok

56, Rabot (plane) 0 0 o
T Strpieal toser 8 1.7 2.8

. 57, Aterian tnnzed point 0 V) 0
Jhe  frricead bvacled hnife 2 0,4 0,7

. . K ©3, Tanjyed piece 0 % g
e Strnicel bieled knifa [4 1.2 2.1 R
. 59, Chopyer ‘o 1 0.2 0.4
25, Vweturally bacind anive 7 1.5 245
60, Inverse cherper o} 0 0

3. Vonataeriann roslaotie 10 2.1 3.5
51, Chopring tool 2 0.4 0.7

Sty Pruazated nlace 1 0.2 0.4

, : 62, liscelizrnoous rince 30 6,2 10,¢
L1, Touwzteriian Lranct st o} 0 0 .

, 63, Bluitspitcen 0 o 0
4, Toleled niwces 26 745 12.7 -

Total hel 66,7 107,90

A5

#



' Table 6,:4- Tool Typology, Couche V-VI (mixed),

Abri Suard, Lachaise

Tabvle 6,}§ Teciinical and Ty;olo;ical Indices and Charucteristic Tool {furiber Tetal Restricted
o Fercentage Percentage

Grours, Couche yI, Abri Suard, Lachaise
L)

. 1., Typical Levallois flake 69 4,6
Tndex Total Restricted
2. Atypical Levallois flake 243 16.8
Levallois ) 18,58 3, Levallois point 1 0.1
Facetiing 63,52 : 4, Retouched Levallois point D | 0,1 0.1
Cestricted Facetting 61,71 ] 5. Pseudo-Levallois point 3 0.2 0.4
Blade (lamellar) 10,91 6. Mousterian point S 0.3 - 0.6
7., Elongated ilousterian point 3 0,2 0.4
proological Levallois 18,2 1.0
. 8. Limace 1 0.1 0.1
3idescraper (Group II) 14,0 25,3
} . 9, Sidescraper, single straight 30 2,0 3.7
Totzl Acheulizan 4,5 7.5
10, Sidescraper, single couvex 95 643 11.6
Unifacial Acheulian 3.9 . 7el )
. 11, 3idescraper, single concave 28 1.9 3.4
Bifacial 0.6 1.0
12, Sidescracer, douhle straight 3 0.2 0.4
Charentien 5.1 9.1 A o .
13. Sidescraper, double straipght 4 0.3 0.5
Quina ' 0 convex
14, 3idescraper, double straight 1 0ol 0.1
Group I: tools #1 -4 18,2 1,0 . . concave
Croup I1I: tools # 30 = 37, 40 7.8 14,1 15. Sidescraper, double biconvex 4 0.3 0.5
Group IV: donticulates 19.1 34,3 16, - Sidescraper, double biconcave 1 0.1 0.1
17. Sidescraper, double convex 2 0.1 0.2
concave
18, Sidescraper, convergent straisht 3 C.l 0,1
19, Sidescraper, convergent convex 8 0.5 1.0
20, JSideserzper, convergent concave 0 0

oo 4£¢*””“*“# 6.5

o
Uy



Tcol

23,

27.

Jldescraver, trinsverse
straizht

Sidascrarer, transverse convex

Zidescrarer, tronsverse

Sidescraver, retouched on the
voniral surface

derernper, with abruvt

retouch

Sideccrater, with tiin back
fideserarer, bifacial retouch

Gidescerarer, with alternate

reteouch
Turical endserurer
kiyrical endscraper
Typical burin
Styrienl burin
Pyuical bvorer
Atreicnl berer
Treieal Loacled knife
atyvicul bzeciued knife
imturally bacled knife
Yousterinn raclaotte
Trancated :ziece
ilousterian tranchet

Jdotcued nisces

azymnetrical

flunber

12

3
1

C 4

10

o]

86

Total

Fercentage

0,8

0,1

0.2
0.1

b 2.9
0.1
0.5

0.6

0.7
0.5
0.5
1.0
0.4
0.4
0.5
0.6
- 2.0
0.9

0.9

5.7

o

Restricted

Percentage

1.5
0.1
0.4
0.1
5.2

1.0

2,1

0.9
1.8
0.7
0.6
0.9
1.1
3.8
1.7
1.6

10.5

Tool

43,
&,
45,

46,

47,

48,

49,

Denticulute
Bec burinante alterne

Fleke, retouched on the
vaentral surlice

lilzcellaneous retouched
abruvt thick retcuch

fiiscellansous retouched
elternate thick retouch

Hiscellaneous r:ztouched
abrupt thin retouch

liscellaneous retouched
alternate thin retouch

Flake, bifucial retouch
Tayac point

Fotclhed trinngle
Pseudo~nicroburin
Flake, notched end
Cleavers

Rabot (plane)

Aterian tanged point
Tanged plece
Chopper

Inverse chopper
Choprning tool
Fiscellancous piece

Blattspitzen

Total

Munber Totil Restrictéd
Fercentrre Tercentage
209 13.9 2505
5 0.4 0.6
51 2,7
{lake,
4y 2.9
flake,
flake,
floke, 269 17.9
16 1,1
1 0,1 0,1
2 . 0.1 0.2
2 0.1 0.2
1 0.1 0.1
o] 4] 0
0 0 0
[¢] 0 0
0 0 0
0 0 0
0 0 [
1 0.1 0.1
104 6.9 12.7
. 0 0 o]
1504 101.6 100,1
(821)



- Table 606+ Tool Typology, Couche VIII,

Abri Suard, lLachaise

Tool ilunber Totaul Restricled
Percentage Percentage

1, Typical Levallois flake 4 4,0
2, Atypical Levullols flake 14 14,0
. 3+ Levallois point 1 1.0
Tanle 645 Fechnical and Tyrological Indices and tSSructcristic 4. Retouched Levallois point o 0 0
Grours, Couche V-VI (mixed), Abri Suard, Lachaise 5. Pseudo-Levallois point 0 U o
G, Mousterian point 0 o} 4]
Tadex Total Restricted 7. Klongated ilousterian point 4] 0 . [¢]
Levallois 14,54 8., Linace 0 0 o
Pacntting 63,37 ' 9, Sidescraper, single straight 414 ., L b0 646
leciricial Facztting 58,67 10, Sidescraper, single convex 7‘ 7.0 11.5
Plade (lsuellar) 12,78 . 11, 3idescrarer, single conecave 1 1.0 1.6
12, Sidescraser, double straisht 1 1.0 1.6
Tpolosizal Levalloic 2.5 0.1 . 13, didescruper, double straight 0 0 4]
3ideseraper (Group II) 18,1 3ot cenvex
Tot=1 Achesulizn 1.5 2.8 14, Sidesoraper, double straight 0 0 0
concuye
nifraizl feheulian 0.8 1.9 15, Sideseruper, double biconvex |, 3 540 4,9
Bifecial . 0.5 0.8 16, Sidescraper, double biconcuve ! 0 0 0
Charentien 7.4 18.7 17. Sidescraper, double convex 0 0 0
Quira 1.5 concuve
. 18, Sidescraper, converzent straicht o o 0
Group I3 tools 41 - & 21.5 0.1 19, Sidescraper, convercert convex O‘ [0} 0
firoup IIT: tools it 30 = 37, 40 563 9.7 20, sidescruper, converient conchve @ N 0
Group IV: denticulntes 13,9 16,5

L&



. Tool n~ber Totnl Rastricted
Tool fuzber Total Restricted Parcentnge Tercerntage
: Fercentage Percentage

43, Denticulate .16 16,0 26,2 '

21, .idescraper, asymuetrical 1 1. 1.6 44, Bec burinante alterne 0 0
2?2, Sidescradar, transverse 1 1.0 1.6 45, TPlake, retouchad on the 0 0

o ’ straight vrniral surlcee ’

23, Aidescrager, transverse convex 1 1,0 1.6 46, liiscellaneous retouched flaxe, 0 0

* ’ abrupt thick retouch

4, 3idescroper, trunsverse concive 0O 0 0

2 Pt ’ 47, kiscellansous retouched flake, 0 0

25, ZJidescraper, retouched on the 1 1.0 1.6 2lteracte thick retouch

vantral surface
43, liscellzneous r:touched flake,

26, sidescvaper, with abrupt 0 0 0 abrunt thin retouch
retouch
0 49, liscellaneous retouched flake, 18 18.0
27. sidescrater, with thin back 0 L] 0 : alternate thin retouch
23, sidescraser, bifacial retouch 0 0 ’ 0 50, TFlake, bifacial retouch 2 2.0
20, uidescrajer, with alternate 0 0 0 51, Tayac point 0 o o
retouch
0 52, lotclied triangle 0 0 0
2 avpriczl endscruger 0 0 0
39, fyrieal e “ 53, Pgeudo-nicroburin o 0 0
3 Atyrical endscraper 0 0 0
31, Atyrieal e P 54, TPlake, notched end =~ | 0 0 0
<2, Typical burin 1 1.0 1.6 ’ R
5%, Cleavars “ 1 1.0 1.6
3" Stysieal burin 0 4] 0
o tynie huiri 56. Rabot (planc) 0 0 o
3. Pypical bover 0 0 0
57. Aterian tanged point 0 0 0
2y, Atypicul borer 2 2.0 3¢3
: R 53« Tanged piece 0 0 0
36, Typlcoal backed knife 0 0 0 .
59. Chopyper 0 o 0
27, atryuicuel bzcied knife 2 2.0 343
60. Inverso choprer 0 4} o
3, iaturally bucknd cnire 2 2.0 3.3
’ ! i 61, Chopuing tool 0 0 0
31, lowsterian raclette 0 0 Y s '
62, liscellaneous picce K 5 5,0 8,2
i3e Trunzoted plece 0 0 0
. 63, Blattspitzen 0 0 0
41, iousterian tranchet 0 0 0
43, Moichad pieces 9 9.0 14.8 Total 100 10,0 an ki

sp

9



) Tool huzber Tolal Lostricied
. . " [
Teble 6‘1} Tool ijolohy, Couche 51, ) Fercentuge Forcentage

Abri Suard, Lachaise

ool unber Total Restricted 21, Jidescraper, asymuetrical 2 0.6 0.9
Vercentase Percentage 22, Sidescraper, trunsverse 2 0.6 0.9
straight
1. Tyeical Levallois flake 33 10.5 23, Sidescraver, itransverse convex 2 0.6 0.9
s dtypical Levallois flake 26 8.3 24, Sidescraper, trunsverze concive O o 0
3. levallois point 3 1.0 25, Sidescraper, retouched on the 1 0,2 Ueb
3 al fe
4, Retouched Levallois point 4 1.3 1.9 ventral surface
. Sideser with ab .0 o
5. Pseundo-levallois point 1 0.3 0.5 26, Sidescraper, r:t;uihr"pt 3 1 1
., Mousterian point 4 1.5 © 1.9 27. Sidescraper, with thin back 1 Ge3 UeD
7. Elongated liousteriun point 1 0.3 0.5 238, Sidescraver, bifacial retouch 2 0,6 G.9
8. Linase 0 0 0 29, Sidescraper, with alternate o] 4] o0
h
9, 3idescraper, single strzight 26 8.3 12.0 rotone
. yrica serap 0,.€ e
10, Sidescrzper, single convex 43 15.7 19.9 30. Typical endscraper N 2
R . A H 5CYU .;_,; :.‘,',»O. Ul
11, Jideser:ier, sintle coucave ? 2.2 - 3.2 3 typical end crdper’ (1 : 3 ’
32. Typi 9 0. 0.9
12, 3idescrarer, double straight 3 1.0 1.4 2 11p1cal\buz1n 2 6
3. Atypical buri oC 1.4
15, Jidescruner, double straight 8 2.5 3.7 3 tyrica urin 3 1.0
convex 34, Typical borer 1 0.2 o
14, Cidezers er, double straight 0 0 0 35, Atypical borer 1 Go3 vO.b
concuave
. ) 36, Typical baciied knife o] o] 0
15, Sidescraner, double biconvex 11 3,5 5.1
7. Atypicul bacied knife 0,6 U,
15, 3idescraver, double biconcave 0 0 0 3 4 e 9
: 8, Haturally backed knife £l Toh
17, Sidescrnner, double convex 2 0.6 0.9 3 ! 4 bue 16 ¢
concuve " 39, Housterian raclette 1 0.3 0.9
18, Jidescreper, conver~ent straicht o 0 0 40, Truncated piece 6 1.9 2.8
19, 3idescrajper, converzent convex 1 0.3 0.5 41, lousterian tranchet 0 o : o
2%, i ezer:zer, converjant coacive 4 0.3 0.5 42, ilotchad pleces 16 5.1 2.4



:Pwhlc 6‘|8 Technical and Tyrological Iﬁdibéﬁ'and:éhaructgristic

Inde:

lLavallois

Tecetiting

Yo ibricted Fucotting

Eletde (lanellar)

ivolocical Levallois
3idescraper (Group II)
Totzl Acheulian

nif-rial Acheulizn

Charenticn

Quina

Group 1z

Group ITT:

Group IY: denticulates

Crou:s, Couche

tools ff 30 - 37, 40

Total

20.81
60.60
H2.81

8.12

20.9

36.4
1.8
0.6
1.3

14,6

009

20.9
o

5.7
4.4

¥

1, Abri Suard, Lachaise4

Reustricted

53.2
2,7
0.9
1.8

22,7

1.9
8.3
6.5

7 Table 6.]3 Tool Typolagy, Couche 52,
Abri Suard, Lachaise
Tool lunber
1, Typical Levullois flake 17
2e Atyrical Levallois flake 15
3, Levallois point 0
4, Retouched Levallois point 3
5. Pseudo-levallois pointA 0
6, HNousterian point 1
7. Elongated ilousterian point 2
8, 'Linace 0
8, Sidescraper, single straight 12
10, Sidescreper, single convex 20
11, 3idescreper, single concnve'lf ty
12, Sidescrarer, double straight 0
13, 3Sidescruper, double straisght 6
cenvex
14, Sidescrager, double strairht 1
concave
15. . Sidescraver, double biconvex 6
16, Sidescraper, double biconcave 0
17. Sidescraper, double convexfﬁ 0
concave
18, Sidescraper, convergent straicht i
19, Sidescraper, converrent convex 4
20, Jidezerurer, converjent concave. Q

Tetnl
Fercentare
10,8
9.6
0

lestricted
Percentage

2.8

C.9

1.0

11.3
18,9
4.7

B

g



ool Tuzber Total Restricted
fercentuse Fercentage
o0l Humber Totel Restricted

T
Percentage Percentage
21, Jidescroper, asymnetrieal (o] 0 o
pers 45, Denticalite - 2 5.7 8.5
2?2, didescraner, trinsverse 0 o o]
straizht ' 44, Bec burinante sltcrne 1 0,6 0.9
23, Sidescrazer, transverse convex 2 1.3 1.9 4%, Flake, ratouchad on the 0 o
vrnivnl zurfica
24, Sidescroper, trurnsverze concnve O (o] o] 3
4%, fliscelluneous retouched flage, 0 0 .
25, Sidescraper, retouched on the 0 o . Q ebrurt thaickz rebteuch
ventral surface
) 47, iiscellansous reiouchzd flake, 0 0
26, Asidezeraver, vith abrupt 1 0.6 0.9 i zlternite thick retouch
retouch
3. 1lisenllzneous rztouched flake,
27. Sidescrarer, with thin back 1 0,6 0.9 abrmut thin rotouch
N .
23, 3idescraver, bifncinl retouch tO 0" 0 42, Hiscellrneons retouciied fiake, 19 12.1
. N alternate thin retouch
29, SBidescrager, with alternate (4] ¢ 0 ‘
retcuch . 20, TPlake, bifaciel retouch 0 0
30, Tyrical endscrager 2 1.3 1.9 : £l, Tejoc point 0 0 0
31, Atypical endscraper 0 0 0 92, Ttotchod triangle ' . 0 0 o
32, Typical burin ) 2 1.3 1.9 5%+ Pseudo-uicroburin 0 0 0
3%. Atypicul burin 4] o] o] %%, Flakeo, notched end L - 0 0 0
34, Typical Vorer 0 0 o] 5%, Cleavers 0 o 0
3%, Atrypicul borer 0 0 0 6. Raboi (plene) o o 0
36, Typical baciked knife 1 0.6 0.9 57. fterian taonged point 0 0 o
37. Atypical bazcied knife 1 0.6 0.9 53. Tanjed piece o 0 0
38, aturally backed kuife 5 3.2 e 29, Cheprar 3 1.9 2.8
%, Housterian raclette 0 0 [¢] 80. Inverse chopper 0 o [}
40, TPruncated piece 5 3.2 4,9 %1, Chepzing tool . 2 1.3 1,9
K. Toustorian tranchet o 0 o 62, iscelliannous picce 3 1.9 2.8
42, llotched piaces _ ? 4,5 6.5 6y Blattspiinen 0 - 0 0

Total 157 99.7 99,6



Tadle CQQ echuical 2nd Tynolozical Indices and Characteristic

Crours, Couche 52, Abri Suard, Lachaise,

Indnx

Levallois
Tacrtiing
Jestricted Fucatting

Plrde (lanellar)

Aznolorical Levallois
3idezerager (Group II)
Tot=l Achenlizn
linifrcial Acheulian
Bifacizl

Charentien

Quina

Group I3 tools # 1 = &4

Group'IIT: tools # 30 = 37, 40

Group IV: denticulates

Total

19,52
49.63
40 .14

714

22.3

37.5
1.3
1.3
[¢]
7.0

6.7

22.3
7.0
6.8

Restricted

58,4
2.0
2,0

10.4

2.8
10.4
8.5

. 2;5' d 5.

Tool

1.

2e

12,

“18.

19.
20,

Table 6.2

Tool Typology, Couche 53,

Abri Suard, Lachaise

Typical Levallois flake
Atyplcal Levallois flale
Levallois point

Retouched Levallois point
Pseudo-Levnllois point
Mousterian point

Klongated ilousterian point
Linace

Sidescraper, single straight
Sidescraper, single convex
3idescraper, single concave |
Sidescrazer, double straight

Sidescraper, double straight
cenvex

Sidescrayer, doutle straight
concave

Sidescraper, double biconvex
Sidescraner, double biconcave

3idescraper, double convex
concave

T'uriber

11

1
0
1

'

Sidescraper, converjent straizghto

Sidescraper, convergeni convex

1

Jidescrover, convernent concave 0O

Total
Farcentage

15‘9

7e2
0

8.7
7.2

1.4

14

1.4

Restrictod
Pepcentape

14,0
11.6

2.3



‘iicacrarer, azymuetrical

idnscraner, trincverse
straight

3idascrauar, transverse convex
Sidesecroper, trinsverce concave

lidescrarer, retosuched on the
vantral surface

Sidescrater, with abrust
retouch

Gidegcrarer, with thin back
tidercrarer, bifacizl retouch

sldescrajer, with altiernate

retcuch
Tyrical endseraier
ftyrical endscraper
Typical buriﬁ
ftyzical dburin
Typical btorer
Atrpicnl borer
frpical backied znife
Atynical bzelnd knife
aturally backed knife
lousterisn raclottie
Truncated riece
onsterian tranchat

tistehed pheres

nusher

o O o O O o w o

[~V I

[=2N

Total

Reslricted

Fercentuge Percentage
’

2.3

2.3

2.3

9.3

Tool

43, Denticulate

4h, Bec burinante alterna

45, Flake, retouched on the

ventreal surluce

46, liizcellancous retouched
abrupt thick retench

49. Uiscellaneous retouchsd
&lternzte thick retduch

48, Iiscellaneous rstouched
abrupt thin retouch

49, Miscellancous retovched
alternate thin retouch

50. Flake, bifacial retouch

51, Tayac point "

52, FIotched triangle

Sie Fseudo-nicroburin

54, TFlake, notched end

55, " Cleavers

56, Rabot (plane)

57. Aterian tonged point

53, Tanjed piece

59. Chopper

60, Inverse chorper

61. Choopring tool

62, liscellancous picece

63, PBRlaitspitzen

Total

fiunber

5
0
0
flaie, 0
flake, 0

flaie,

flake, 10

o o

N
\ﬂIO - W [=] Ll ] o o (=] [}

B3
—
o o-

-
© O O © o 2 o ©o o +
.
w

o
.
s

4.3
1.4

99.0

7.0

29,5

9
EO
i&j



Table ¢,22 Technical and Typolosical Indices and Characteristic

Grours, Couche 93, Abri JSuard, Lachaise

Index

Levallois
Fncetting
Restricted Facatting

Blade (lamellar)

Aynological Levalloic
Sideseraper (Group I1)

Total Acheulicn

Unifecial Acheulian

Bifacial

Charentien .

Quina

Group I: tools # 1 - &

Gronp III: tools # 30 = 37, 40

Group IV: denticulates

Total

19.35
47,45
44,06

10,74

23,2

28.9
1.4
1.4
0

11.6

5.0

Restricted

9.3
11.6

Tsol

Tzble 6,23

Tyrical Levallois flake
i~typical Levallois flake
Levallois point

Retouched Levallois point
Pzeudo~Levnllois point
t'ouztzrian woint

Blongated ilousterian point

Linsce

Sidescraver,
Sidescroper,
3ideserzrer,
Sidescracer,

sidescravner,

Jidescrager,

Sidescraper,
Zidescraper,

Sidescraper,

Sidescreper,

Tool Trpology, Couche 5,

Abri Bourgeois~Delaunay, Lachaise

Funber Total
Fercentage
5 345
8 5.6
0 0
] 0
4 2.8
0 [o]
1 0.7
0 0
single strzight ? 4,9
sirgle convex 34 23.9
single concave 2 1.4
double straight ) 2 1.4
double straisht 1 0.7
.CCHVC'&
double straight 0 0
concave
double biconvex 2 1.4
double biconceve 0 o
double convex 0 0
concave
conver;ent stra@xht 1 0.7

Restricted
Percentage

3.7

0.9

6,4

31.2

1.8

1.8

0.9

1.8

0.9




Tool

23,
24,

25.

26,

27.
23,

29,

didescraper, asymmetrical

Sidescraser, tronsverce
straizht

Sidescracer, transverse convex
Sidescroper, trunsverce concive

Sidescraper, retouched on the
ventral suriace

Sidescraper, vith abrupt
retouch

S5idescraper, with thin bock
3idescraver, bifacial retouch
Sidescrajer, with a2lternate

retouch

N

Tyrical endscrujer
Atypicul endscraper
Typical burin
Atypical burin
Typical borer
Atypical borer
Typical baclied knife
Atypical bacned knife
faturally baclked knije
Housterian raclette
Truncated picce
louzterinn traonchet

ilotched pieces

fluzber Total Restricted Tool
Fercentuje Percentuge
e

'

<
43, Denticulcte
1 0,7 0.9
4, Bec burinznte alterne
1 0.7 U.9 )
" 45, Tlake, retouchad on the
venival surfuce
5 365 4,6
&5, dzenllencons retouchnd Slake,
0 [¢] 0 abrupt thick retcuch
o o 0 47, ¥iscellanaous retouchsd flake,
¥ ltorni=e *hiclk retouch
t - ‘I‘
0 o ' A 0 A3, 'iscelltneocus r:itouched flake,
abrunt thin retouch
0 0 0 La, tizeallineous retonched flake,
altarnots thin retouch
(o] ] [¢]
%0, Flaske, bifzciz) retouch
0 ] G
%1, Tayac -oint
0] (¢} Q 52, iotched triansle * [
' t
1 U7 0.9 S4e Eseudo-nicroburin
2 1.4 1.8 54, TFlake, notched end
2 1.4 1.8 %5, Clezvers
0 0 0 t5, Rabot (plane)
0 0 0 57. Aiterian tznced point
1 0.7 U9 53, Taused piecne
0 0 0 39, Choprer '
4 2.8 37 63, Inverse chorter
2 1.4 1.8 £1., Chop=ing tool
0 0 0 G2, Uliscellannous wiece
0 0 0 63, Blattspiizen .
6 4,2 Do

Total

Ifnmber

18

.
(=] (o] - n

O N

Totnl Restricted
Percentage Tercentage

3.5 b
14 1.8

1.k

0

o]
12.7

1.4

0.7 T 0.9

4] 0

0 0

1.4 1.8

o] 0

Q 0

0 o]

[0} [0}

0.7 0.9

o] o]

1.4 1.8

7.0 9.2

0 0

08.2 96,0 TR

i



266

all facies. Debénath (1974) feels the Tardoire acted as a frontier
Separated from the traditional regions of Acheulian to the north
and south, in which the Acheulian had evolved further toward the
fousterian than in contemporaneous, neighbouring regions, Figures

6.9 to 6.11 show the three facies' typical tools.
In laye}‘51’ occupying 4.5 ns in squares K-M 13,14, a col-

lection of reindeer antlers forms a semi-circle, within which were
many artefacts., The exact purpose of the collection is not known,
but the antlers were whole at the time of their introduction into
the cave. Possibly they were used to dry skins, to &ard off ani-
mals like a fence, or to support skins used as part of a tent or
weather guard, Found nearby was an incised bone,. Two other inQ
cised bones were found in layers 50 and 52. These are among the
earliest incised bones ever found, Figure 6.12 shows the reindeer

antler assemblage, while Figure 6,13 shows the incised bones.

6.3.4.2 Bourgeois-Delaunay

The archeological material above layer 7 in Bourgeois-
Delaunay is poorly described by Davids that in 2 is an Aurignacian,
while that in 5 appears to a poor Mousterian, as is 6. Tables
6.23 to 6,26 describe the latter two.

Layer 8 is also extremely poor, but layer 9 is interme-
diate between a Mousterian and an Upper Acheulian. It appears very
similar to the industry of Facies A in Suard. ’Layers 8 through 10

are described in Tables 6.27 to 6,37,



Figure 6.9

Tools from Facies A (after Debenath, 1974).



Pl.

89



Tigure 6,10

Tools from Facies B (after Debenath, 1974).






Figure 6,11

Tools from Fgacies C (after Debenath, 1974)
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Figure 6,12

The structure made of reindeer antlers in Couche

51, Abri Suard.

Black dots are tools found within the structure, while
the shaded region is a large cobble.

X marks the position of the incised bone shown in Figure

6.13 A.(after DéKenath, 1974).
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Figure 6,13

Incised bones from Abri Suard.
A, Incised bone found in couche 51 within
the circle of reindeer antlers (Figure 6,12)
B, Incised bone found in couche 52

(after Débénath, 1974)






Table 6.29 Tool Typoloayy, Couche 6,

Abri Bourgeois-Delaunay, Lachaise

w2l

Tool . Funiber T
Yercentage

Restricted
Poprcentage

1. Typical lLevallois fluke 8 2.5
2. Atypicel Levallois flake 27 8.5
3, Levallois point 0 0
4, Retouched Levallois point 0 0 0
Table G.ZQ:Technical and Typolopical Indices wcnd Characterintic )
. 5. Pseudo-Levallois point 4 1.3 1.9
Groups, Couche ©» Abri Bourgeois-Delaunay, Luchaise
i G, Mousterian point 1 0.3 0.5
Index Total Rewtrigted 7. Elongated ilousterian point 1 U3 0.5
8. Limace 0 0 0
Levallois 13.50
9. Sidescraper, single struight 15 4,7 7.2
Facctting 66,16
10, Sidescraper, single convex 62 12.6 22,8
Restricted Facetting ©3.38
11, J3idescrzper, single concave 4 1.3 1.9
Blade (lamellar) 750
12, Sidescrayer, donhble straight - 3 0,9 1.4
e A T
Typological Levallois 9.2 0 13, Sidescraper, double straight 'o 0 0
] convex
Sidescraper (Group II) 42,9 £5.8
14, Gidescrajer, double straight o 0 0
Totzl Acheulian 0.7 0.9 concave
Unifacial Acheulian 0.7 G.9 15. Sidescraper, double biconvex 5 1.6 2.4
Bifacizl 0 0 16, Sidescraper, double biconcave 0 0 0
Charentien 28.2 37.7 17. Sidescraper, double convex 0 0 o
: concave
Quina 4,9
18, Sidescreper, conversent straishi 3 0.9 1.4
Group I: tools #1 - &4 9,2 (o] . 19, Sidescraper, convergent convex § 2.5 3.8
Group 1II: tools # 20 - 37, 40 4,2 Seb 20, 3Sidescraper, convergent concave ¢ 0 0
Group IV: denticulates 3¢5 4.5

(e



machnical and Tyrsolozical Indices and Characteristic

'

%rours, Couche €, Abri Bourgeois-Delaunay, Lachaise

Tale 6,26 Table 673 Tool Typology, Couche 8 (a-d),

Abri Bourgeois-Belaunay, Lachaise

) Peutricte
Index . Total Restricted Tsol Nunber Total Restricted

lercentage Percentage

Levallais 15.10
“reatbing .67 1. Tyricel Levallois flake 11 746
Jestricted Facetting 47,87 %. dtypical Levallols flake 10 6.9
Plade (lamellar) 8.03 A+ bevallois roint 0 o
. ; 4, Retouched Levallois point o] ) 0
ijolocicai Levallois 11,1 0 5. Pseudo~Levallois point 0 ] 0
3idescraper (Group IT) 38.2 58.1 6. Fousztsrian point 1 0.7 < 1.7
Totzl hcheulizn 1.6 2.3 7. Llongated liousterian point o . o 0
Yniforcisl fcheulian 0.9 1.4 8. Linrua 0 0 0
Bifazciel 0.6 1.0 9, B5ideseraper, single struight, 3 2.1 5el
Chzrenticn 26.7 36.0 10, Sides:r:pcr,'single convex ' 7' 4.8 12,9
Quina I 4l 11, 3Sidescrzier, single concave 3 2.1 S5el
Group T tools ¥ 1 = 4 1.1 0 12, Jidescrazer, double straight 0 [o] o
Group IIT: tools # 30 = 37, 40 7.5 11.5 13. Jidescraver, :2332; straight 0 ¢} 0
Group 1V: denticulntes b 6.7 14, Gidescraier, double straight 1 0.7 1.7
coneave
15, Sidescraper, double biconvex 2 1.4 34
15. Sidescraper, double biconcave 0 o] ]
17, Sidascrapcg, double convex 0 [o] ' 0
concave
15, éidcscrapcr. converzent straishtQ 4]
B 19, GSidesernger, convergeni convex 0 ] 0
2n, Jiijezcrsrver, coaverpent concave Q ’ 0 ' 0



Tool,

21,

22,

23.
24,
25.

26,

ho,
4,

42,

Sidescraper,

sidescraper,

asynnetrical

tronsverse

straizht
Sidescrater, transverse convex
Sidescraper, trensverze concave

Sidescraper, retouched on the
ventral surface

3idescraper, vith abrupt
retouch

Sidescraper, with thin back
3idescraver, bifacial retouch

Sidescrajer, with zliernate
retouch

Tyrical endscrafer
Atypical endscraper
Typical burin
Atypical burin
Typical borer
Atypieal borer
Typical backed knife
Atypical bached knife
Hqturally bucked knife
Housterian raclette
Truncated piece
l'ousterian tranchet

ilotched pieces

fuzber

2
1

Q

® O N = = O O O O N = W N

Total
Fercentuge

0.7
0

1.4
0,7
1.4

1.4

1
2,1
0.7
1.4

007
0.7
1."

5.5

Restrictec
‘Percentage

1-7

0

3'4
1'7
34

3h

1.7
1.7
ek

13.5

Tool
43, Denticulcte
44, Poc burinante slterne
4%, Flake, retouchad on the
vrntral surluce
45, ildseslizneous retouched
© abrurt thicx retouch
47. liccellaneous retouched
elinrnzte thick retouch
43, Discellznaous rwtouched
abrunt thin retouch
49, Fiscellanaous retouched
alternate thin retouch
50, Flokae, bifocizl ratouch
51, Tagac point
52, foteheodl triansle
Sie Fseudo-nicrobufin
54, TFlaxe, notched ehd
B Cleu?ers
6, Rabot (vlana)
57. Aterian tanged point
43, Tanged pieca
59, Choprper
60, Invarse chopger
61, Chopuing tool
62, Iliscellznnous rlece
‘Gj. Blattspitzen

Total

Restricted
Fercentage

Hunber Totnl
Percentage
5 34 845
1 0.7 1.7
0 0
flake,
flake, 17 11,7
flake,
48 3361
floke,
0 0
[} 0 0
(o] 0 0
0 0 0
3 2.1 5.1
' 0 0 0
0 ] o]
0 o] (o}
1 0,7 1.7
0 0 0
0 0 ¢}
0 0 ]
4 2.8 6.8
0 ¢] 0
145 100.3 99.5
(%9)

LS



Table 6,28 Technical and Typolozical Indices and Choructeristic

Groups, Couche 8§ (a~d), Abri Bourgeois-Delaunay, Lachaise

Index Total  Reutvigted
Levallois 11,79
Facctting 34,64
Restricted Facetting 27,55
Blade (lamellar) 2.35
ypological Levallois 14,5 )
Sidescraper (Group II) 15,8 406
Total Acheulian T 0.7 1.7
Unifacial Acheulian 0 0
Bifacial 0.7 0,7
Charentien é,? 1(,9
Quina []
Group I: tools /1 - & 14,5 0

Group III: tools # 30 = 37, 40O 6.9 16.9

Group IV: denticulates 3.4 T 645

Tool

12,

13,

14,

Table 6,29

Tool Trpology,

Couche 8e (8'),

Abri Bourgeois-DelaunnyQ Lachaise

Tyvical Levallois flake

iAtypical Levallois flake

Levallois point

Retouched Levallois point

Fiseudo-Levallois point

Mousterian point

Elongated llousterian point

Linace

Sidescraper,
Sidescraper,
sidescrayper,
Sidescraer,

sidescraver,

Sidescra;er,

Sidescraper,
Sidescraver,

3idescruper,

Sidescraper,
sideseraper,

sidescrazer,

Tunber

18

11

o]

0

0

1

1

0

single strajight 12

sirgle convex 22

single concave 4

doubla stgaight, 0

double straig;t 3
cenvex

double straight 0
concave

double biconvex 3

double biconcuve 0

doulle convex 1
concave

converzent straisht 1

convergent convex 5

coavergent concave 2

Total
fercentage
5el
34l
0
¢}
0
0.3

0.3

3.4
6.2
1.1

009

009

003

0.3
1.4
0.6

Restricted
Pircentage

0.6
0.6

6.9
12.7
2.3

1.7

b7

0.6

0.6
2,9
1,2

S5

e,



ool

Jidezernver,

idescraver,

Sideserarer,
X P ” -~
3idescrorer,

Cideserarer,

Sidescraper,

3idezcrover,
sidazerarer,

Zidescra;er,

asymietrical

trensverse
straight

transverse convex
tronsverse concnve

retouchaed on the
ventral surface

with abrupt
retouch

with thin back
bifacizl retouch

witii alternate
ratouch

Trrical endserarer

fityrical endscraper

Terpical burin

atyrieal burin

Tynical torer

Atypicnl karer

fypical bacuad unife
atyrvical bzeled knife
2turally backed knife
tousterian raclettie
Truncated jiace
tonsterian tranchet

ilotched pieces

Nuzber

[ VY R R N « ]

n

15

Total
Ferceptage

2.8
0

1.3
0.3

0.9

0.6

0.6
0.3
0.6
0.6
0.6

0.9

4.7

Restricted
Percentage

4.3
(o}

1.9
0.5
1.4

1.0
1.0

1.9
1.9
1.9
1.4
0.5
1.0
0.5
1.0
1.0
1.0
1.4

6.7

‘Tool

43, Denticulate

44, Bec burinante alterne

45, Flake, retouchad on the

vantral surfnce

45, iiizcellaneous retouched |
abrupt thick retouch

47, kiscellaneous retouchzd
zltornate %hick retouch

43, liiscellazneous r:touched
abrunt thin retouch

49, tiiscellancous retoucied
alternate thin retouch

50, Flake, bifzciel retouch

51, Tayac point

52. IFotched trinngle .

Sie Pseudo-nicroburinv '

54, TPFlake, notched end

55, Cleavers

56, Rabot (plane)

57. Aterian tznged point

53, Tanped piece

58, Chopper

60, Inverse chopper

61, Chopring tool

62, Iliscellancous viece

63. Blaltspitzen

Total

flake,

flake,

flake,

Hinber Totul Restricted
Fercentrare Tercentage
14 by 6.7
2 0.6 1.0
4 1.3
9 2,8
53 16,7
7 2.2
0 ° 0
0 0 0
0 0 o
1 0.3 0.5
0 0 o
0 0 0
(4] 0 0
0 ) Y
3 0.9 l.4
o 0 0
2 0.6 1.0
16 Yel 7.7
0 0 0
316 99.2 49.4
(208)

24



Table 6,30 Technical and Typological Indices and Charactericztie

Grours, Couche 8e, (B'), Abri Bourgeois-Delaunsy, Lachaise

Index

Levallois
Facetting
Restricted Facetting

Blade (lamellar)

Aynological Levallois
Sidescraper (Group II)
Total Acheulian
Unifacial Acheulizn
Bifacial

Charentien

Quina

Group It tools jf1 = 4
Group III: tools # 30 - 37, 40

Group IV: denticulates

Total

6411
38.38
27435

1.29

8.2

2242

2,2
1.7
0.6

7.8

8.2
8.4
4.2

Re:ztricted

17.4
8.7

Tool

10,
11,

12,

14,

15.

‘1,

17.

Table 6.3' Tool Typology, Couche 9 (Debenath),

Abri Bourgeois-Delaunay, Lachaise

lunber
Typiczl Levallois flake 41
atypical LeQailois flale 26
Levallois point 2
Retouchad Levallois point 0
Pseudo-Levallois point 1
tousterian point 2
Elongated iiousterian point 0
Linace 4]

Sidescraper, single strzight 17

Sidescraper, sirgle conveX .- 27
[

3idescrarper, single concave 8

Sidescra-er, donble straight 1

sidescraper, deunble straight o]
cenvex

Sidescraver, double straijht 1
concave

Sidescraper, double biconvex 0

Cidescraper, double biconceve 3

Sideccraper, donble convex )
concave

Sidescrzper, conver;ent straisht g
3idescraper, convergent convex 8

sidescrager, convergent concave ¢

Total
Percentage

13.1
8.3
0.6
0
0.3
0.6

Selt
8.7

Restricted
Percentage

0.4

0,8

7.1
11.3
343
0.4

0.4

1.5

WA



Table §.32 Typology, Couche 9¢ (9'), Debenath,
Table ‘laZ‘chhnical and Tyrological Indices and Characteristic Abri Bourpeois-Delaunay, Lachaise

Grours, Couche 9 (a,b) (Debenath), Abri Bourgeois=

Piece Humber
Dclaunay, Lachalse
Inde: Total Restricied
1,2. Levallois flakes 16
Levallois 8.32 9, Sidescraper, simple straight 5
Tnentiing 43.26 ' 10, Sidescrarer, simple convex 9
lestricted Fecetting 36.27 11, OGidescraper, simple concave 1
Elade (lmuellar) 3.16 1%, Sidescraper, double biconvex 1
1?7, Sidescraper, double convex=~ 1
Aypolosiesl Levallois , 22.1 0 ) concgve'
3ideserarer (Group II) 32,0 41'§ 23, Oidescraper, trunsverse 1
; convex
Toizl Achaulian 2.9 3.7
2 2%, Sidescraper, rectouched on 1
Unif=eial Acheulizn 1.6 - 2.5 the bulbar surface
Bifacicl 1.0 1.2 30, Typical endscraper 3
Charentien 15.7 2045 3%, Atypical burin ' 1
Quina ’ ' 0 40, Troncated piece  * . o1
] 42, MNotched piece ‘8
Group I: toolz 41 - 4 22.1 [¢]
43, Denticulate 4
Group IIT: +4ools # 20 = 37, 40 9.9 12.9 . '
44, Bec burinante alterne 1
Group IY: denticulates 8.3 10,8
45, Pieco retouched on the 1
ventral side
54, Flake, notched end - 2
59, Choppers 1
62. liscellaneous 1
63, Blattspitzen 1

:'(,;

L.

&

o

e



. Table Q;S Pool Trpolagy, Couche 9 (David)
Abri Bourgeois-Delaunay, Lachaise
Tool flunber Total Restricted
Percentage Percentage

" Table 639 Piece Typolesy, Couchie 9¢ (9!) Debenath

Abri Bourgeois-Delaunay Lachaise 1, Typical Levallois flake 109 4,1
re0is- R 1 .
2. Atypical Levallois flake 270 10,6
Fiece Humber : 3, Levallois point 7 0.3
4, Retouched Levallois point 3 J.1 0,2
Flakes 150
5. Pseudo-levallois point 47 1.9 3.0
Blades o e : ‘ } !
6., Mousterian point 24 0.9 - 1.5
Points o]
. 7. Elongated ilousterian point 4 0.2 0.3
Trimned flakes o
8. Limace 1 0,0 0,1
Tools 42
, 9, Sidescraver, single strzight 119 4.7 7.6
Discs 0 ]
10, S3idescreper, sirnjle convex, 282 11.1 18,0
Polyhedra . 0 St
Muclei 14 11. 3idescrzter, single concave Bl t 2.0 3.3
Hucle
Debris 23 12, S3idescra-er, double straight 9 0.4 0,6
ebri
) ) 13, Jsidescruver, double straight 14 0.6 0.9
Hammerstones Y cenvex
) Hiscellaneous 222 14, Sidescraver, double straijht 4 0,1 0,3
Total 422 . concave
15, Sidescraver, double biconvex 26 1.0 1,7
1¢, Sidescraper, double biconceve 3 0,1 0.2
17, Sidescraper, doulle convex 12.. 0.5 0,8
conceve
18, Sidescraper, conversent straizht 15 0.6 1.0
19, Sidescraper, converzent convex 49 1.9 3.1

20, widescruiger, convergent coucnve 3 0,1 0.2
;




Tzol

15.
].C‘.

17,

T:rical Levallois flake

Levallois point

Fsendo-lLevallois point

l'ousterian point

Lingce

Gidescreper,
Sidescrearner,
3idescrzver,
Jidescracer,

Lidescruver,
‘idezcrauer,

Sidescraper,
Gidescranmer,

Sidescraner,

Taol Trpslogy, Couche 10,

Abri Bourgeois-Delaunay, Lachaise

Lunber
6
itrrieel Levellols flake 7
0
Reiouched Levallois point ]
1
1
Elomnsted ilousterizn point 0
0
single straight 3
single convex 10
single concave 2
douhle straight
donble straight 4]
convex
double straight 0
econcave
double biconvex 1
double biconcave [}
dovble convex 1
concave

Sidescraper,
Sidescrayer,

si‘eccrrzer

converzent strai-ht 3
corvergent convex O

conver;ent concave 0

Total
Percentape

5.9
€.9
0
0

1,0

1.0

1.0
0

0

Restricted
Percentage

3.7
12,3

2.5

asymnetrical

tronsverse
straight

transverse convex
trunsverze concnve

retouchad on the
ventral surface

vith abrupt
retouch

with thin back
bifacisl retouch

with alternate

retcuch

N

Atypicul backed knife

nturally backed knife

Tool
21, Gidescraper,
22, Sidescraper,
23, Sidescrazer,
24, Sidescraper,
25, Sidescraper,
26, 3idescraper,
27. Sidescraver,
23, 3idescrater,
29, Gidescrojper,
30. Typical endseraper
31, Atyrical endscraper
32, Typical burin
3% Atypical burin
3%, Typical borer
35, Atypical borer
36, Typical backed knife
37.
38,
39, Housterian raclette
40, Truncated piece
41. Tllousterian tranchet
42, ilotched pieces

Luwsber

© O 00 W

[ 2N\ )

© VW 0 U W + O O o »

-
W

Total
Fercentaga

2.0

2.0

1.0

1,0
3.0
5.0

8.9

12,9

Reslricted
Percentuge

245

o

n

o

3.7
6.2

11.1

16,0

he

s

o



J

Tool

Sl tapeg A
BREREE LI TN

sidescraper, trensverse
straight

Jidescrazer, transverse convex
Sideszcraper, tronsversze concave

Gidescraper, retouched on the
ventral surface

Zidescraver, with abrupt
retouch

Bidezerarer, with thin back
iidezerazer, bifacial retouch

“idescraper, with aliernate

ratouch
Tyriznl endserajer
htyrical endscraper
Typical burin
ctyricel burin
Tywical borer
Atrpicnl borer
Trricnl baciied knife
Atypieal bacied knife
Paturally baelkad knife
Mourterian raclette
Truncated piece
Vousterian tranchet

liotciied pieces

azymnetrical

susber

11

30

26
10

12
11

12
38
21
29

112

Total
Fercentage

249
0.4

1.2
0,2

1.0
0.4

0.5
0.4

0,1

0.5
0.9
0.5
0.7
0.4
0.9

Restricted
Porcentage

302
0.7

1.9

0.3

0.6.

0.7
0.7
0.2

0.8
1.5
0.8
1.2
0.6
1.5
0.4
0.7
2.4
1.3
1.8

7.2

Tool

47,
43,

4o,

63.

64y

Denticulate
Bec burinznte alterne

Flake, retouchad on Lhe
: vrntral surfuce

liiscellaneous retouchen
abrupt thick retouch

hiscellaneous retotched
»lternzte thick retouch

lliscelloneous rotouched

abruvt thin rotouch

Fiscellaneous retowched
alternate thin retouch

Flake, bifaciel retouch
Tayﬁc point

Fotched triangle
Pseudo-microburin
Flake, notched en§
Cleavers e
Rabot (rlane)

Aterian tanged point
Tan;ed piece

Chopper

Invaerse chopper
Chopring tool
l'iscellancous piece
Blattspitzen

Foliated bifacial poihts

Total

ilumber
226 8.9 14,5
15 0.6 1.0
60 2.4
flane,
132 Se2
flake,
fleie,
fiake, 364 143
8 L5
? 0.3 0.4
0 0 Y
0 0 0
) 12 0.4 0.8
T 2 0.1 0
0 0 0
0 0 0
0 0o o
0 0 0
0 0 0
2 0.1 0.1
115 6.1 9.9
27 l.1 1.7
1 0.0 0.1
2539 101,0 101,5
(1563)

s
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6.3.5 Human Remains at Lachaise

Many human bones have been found in Lachaise, ranging from
the pre-Neanderthal stage to the modern forms,
6.3.5.1 Suard

In 1950, a calotte was discovered by Bordes, along with
many other remains in laysrs: V to VIII, According to Piveteau
(in Debéﬁatﬂ 1974), these are a group of pre-Neanderthals, Debé-
nath has found teeth embedded in mandibles, a tibial diaphysis,
two calottes, a temporal and occipital beone., The skulls show marked
platycephaly, thick bones, a cranial capacity of 1063 cc, all of

which are pithecanthropine characteristics, but the temporal region

is Neanderthalian, while the occipital bun is transitional, and
the taurodont molars could be attributed to either species. There-
fore Suard seems to contain hominids which are transitidnal from H.

erectus to H. sapiens neanderthalensis (Figure 6,15, 6.16).

6+3.5.2 Bourgeois-Delaunay

In 1967-1968, Debenath unearthed the remains of three or
four individuals, represented by one canine, three molars in a maxilla,
a mandible, a calotte, an occipital, and temporal bone, and femur
diaphysis, all embedded in the base of la&yeT 11, These can be
considered classic Neanderthals with longlow cranial vaults made
of thick bones. Small mastoid processes and ellipsoidal auditory
meati complement the massive mandible-with broad-ramj containing

taurodont molars.
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Figure 6,15

Human remains from Abri Suard;

The left half of an adult mandible was found at

the base of couche 53. Both the condyle and the
coronoid process are missing, while part of the
gonial region and ramus border are destroyed.

Two teeth, the second and third molars, are present,
but badly worn. The third moclar is noticeably
rotated from its usual position. Situated between
the second premolar and the first molar mid-way
down the body, the mental foramen is large (after

Débénath, 1974).
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Figure 6,16

An infant mandible from Lachaise.

Also found im couche 53, this infant mandible
is broken behind the second premolar on the
right side and behind the canine on the left
side, Although the incisors are missing, the
canine and premolars are present, Because
these are deciduous, the child could have been
no more than about 8 years, but older than 2

years (after Debenath, 1974).

2%
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6.3.6 Paleoenvironments

Although the pollen analyses are incomplete, these along
with the faunal and sedimentological data have emabled Debenath
(1974) to interpret the paleocenvironments in the cave. Table 6.38
lists the faunal and palymological data, and the paleoclimates.
6.3.6.1 Fauna

Some of the faunal assemblages raise some interesting ques-
tions. For instance, in layer 10, Bourgeois-Delaunay, the large
number of bear bones suggests that either cave bear was a very popu-
lar meal for the human inhabitants, or that there were alternating
occupations of bears and humans, Bacguse the bear bones are rela-
tively intact, while the others are badly broken, it is probable
cave bears did occupy the cave when humans were not present,

Layer 2 in Bourgeois-Delaunay contains very few reindeer,
compared with Aurignacian deposits in other caves, usually deposited
under cold conditions, Perhaps this Aurignacian I industry is not
contemporaneous with others in the Perigord.

In Suard, layers III-VIII, the assocliation of reindeer with
horses and antelope is not consistent with the Wirmian date the ar-
cheologists would bave, The fauna appear to be Riss III, as such
a fauna at Combe~Grenal are., Layer 1, however, was deposited under
much milder conditions than the lower layers.
6.3.,6.2 Interpretations

Using the data in Table 6,38, and the sedimentological ana=
lyses, Debénath (1974) interpeets deposits to have the chromology

listed in Table 6,2,



T uble 6,38 luleoenvironmentallData for Lachaise
A, Bourgeois-Delaunay

1 Fauna
ayer auns ) Pollen Climate "Age"

13 ? Scotch pine 8/ gradually increasing to 154 Colid, dry ?

with more specles, hazel, ash, beach

12 ? 8% trees, all scotch pine Very cold ?
11 ? 88% trees, oak, elm hazel, alder, linden, Warm, vet Riss/
birch ) Wuryg
10 Us spalseus (797), bovids, horses, fox, mammoth, reindeer, at base: only pine 20% Cool, wet,
becoming
elk, roe deer, hyena at top: hazel, willow, ash waetter v
u
9' U, spalaeus (647), horses (207), bovids, wolves, hyena, Very similar to 10 as in 10
R

reindeer (5%), elk, rhinocerous

9 U. spalagus (33%5), horses (407), bovids, wolves, fox, 15% trees, pine mostly as in 10
hyena, roe deer, Irish elk, rhinoéerous, pigs, elephant, I

reindeer, deer

8' U, sralacus (234), horses (41%), otherwise as in couche 9 o ?
8 Very pocr: U, svalaeus, horses, bovids, elk, reindeer, ?
roninocorous
7 7 684 trees, scotch pine, hazel, willow Warm, wet Wurm

oak, some ' elm, alder I/11



Layer Fauna
6 Very similar to 9, but with fewer horses

4 Hyena, bovids, rhinocerous, elephant, Felis spalaea, wolves,

pigs, ibex, moles

3 Equus calabus, rhinocerous, U. spalaeus, hyena

2 Reindeer (18%), horses (5974), bovids, pigs, elk, ibex,

Irish elk, ©lephant, rhinocerous, hare, E. hydruntinus

B, Suard
54 ?
53¢ K

53 Horse (44%), rhinocerous (4%), bison, cattle, reindeer
(22%), elk (7%), wolves

52 Horses (73%), rhinocerous (6%), bison, cattle, reindeer
(8%), elk (11%), wolves

51 Horses (64%), rhinocerous (4%), bison, cattle, reindeer
(227), elk (9%), elephant, wolves .

50b ?
Plancher ?
superieur

Pollen

E K -

B. Suard
10-35% trees, fir, beech, cedar

73% trees, pine, fir, hazel, willow

5% pine

12% trees, pine, elm, alder, hazel,

birch, willow

)

4% pine, chicory

907 trees, oak, hazel, elm, willow pine

Climate "Age™

2 o d =

humid ?

varm, wet Riss

II/111
cold R
humid I
S
warmer
more S
h:n;d
as 52 I
I
I
Codl, dry
Warm, wet



layer
VIII -
III

II

Pollen Climate "Age"

Fauna
Reindeer (58 ~ 73%), horses (26% in IV, V-VI), elk (16% ? ? Riss
in VIII), antelope IIX
Reindeer, horses, deer ? ? ?

Horses, deer, E. hydruntinus, bovids, reindeer
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Unlike some caves in the Charente, Lachaise did not experi-
ence many roof eollapses, except at the outermost edges. In addition,
it is a deep cave well-protected from the elements. Therefore, it
was an ideal place to camp (Figure 6.17). The cave may also have
béen preferred over other local caves, because it is approximately
at the same level as the river banks, making it an excellent spot
from which to ambush game., Whatever, the reason, the many levels

human occupation indicate it was a popular place to live, used

.by people since Acheulian times.

6.3.7 Other Absolute Dates for Lachaise .

fayer : 51 was estimated to be 126.0 + 15.0 Ka using the
thermoluminescence of a granite pabﬁle (Schoverer et al., 1975 in
Schwarcz and Debenath, 1978). Preliminary analyses by U/Th vere
perfofmed by Ada Dixon on samples 77LCl, 2, and 3, collected by
Debenath, These yielded ages of 106,0 + 10.0, 145.0 + 16.0, and
185.0 + 30,0 for yayers” 7, 11, and 53' respectively (Schwarcz
and Debénath, 1973). . |

6.3.8 Sample Description

Table 6,39 1lists the sample descriptions, including thin-
section analysis for all $he samples from Lachaise, both those from
the 1977 collection made byaDebénath, and the 1979 collection made
by the author with the assistance of Debénath, Figures 6.18 through
6,24 show the samples, while sample locaéions are shown in Figure

6.4 and 6,25,



Table 6.39. Sample Descriptions, Lachaise

SAMPLE

77LC1

77LC2

771C3

79LC11

791C12

79LC13

LOCATION

BD ¢, 7

sq 7

BD e, 11

sq 7

S e, 537

sq ?

BD ¢, 7
Sq P8

BD ¢, 7
sq Q8

BD ¢, 11

sq HS

DESCRIFPTION

Transparent white fst,

1 mm lam macroxtln

Transparent white fst,

Yellow coloured bands
1 mm thick

macroxtln

Yellow-white stg
medium grained, with

embedded soda straws

Transparent tan stg,

faint growth lam 1 mm

thick, white outer rind

macroxtln

Transparent white stg
with tan base, extreme
bottom white, macroxtln

faint growth lam 1 mm

Opaque white f£st, 2

orange bands present with

varying porosity in the 3

sections microxtln

THICKNESS DETRITUS
3 en 5% clay
5 em % clay
2cm -
high

15 cm high 45% clay

15 ¢m diam

at base

10 cm high 5% clay?

variable 5% clay
7-9 cm

POROSITY

< 5%
ang, X0 .

5-10%
ang X0

5%
ang X0,
only on

grovwth lam

10%
ang X0
most on

growth lam

5%
ang X0

CRYSTALS

spar, 1/10~% mm
x1/20-1 cm_ //lam

spar, l_mm x
14 cm, //

lam

2 mm x

1-5 cm, // lan

spar,

spar, 1 mm X
2 mm -~ 2 cm,

// lam

spar, % mm x
1 em, // lam
some small
polyg on
hiatus

LAYERING

Clay concentrated

on lam, spar length

Clay"concentrated

on lam

COMMENTS

Spars much shorter on_laminae

and near edges of sample

slightly higher poro~ Siight variation in spar

sity, more clay on

lam

élightly more clay

on lam, tiny spars

on lam 1/5 mm long

hiati have clay con-
centrated there, lam
where crystal edges

meet

length from layer to layer

Laminations vary in thicke .

ness laterally



SAMPLE

T9LC14

144

148

14C

14D

79LC15

791C16

LOCATION

BD ¢, 11
sq E or

G8

bottom

lower
middle
upper
middle

top

S pl sup

. sq X18

S pl sup
sq TR25%

DESCRIPTION

White to tan opaque fst
with 3 hiatl in growth

macroxtln

faint growth lam

faint growth lam

Transparent stg pair,
dark brown at top,
1light brown middle,
white base, thin lam

naéroxtln

Transparent stg
variable white, tan

and brown, 3 major

hiati, other faint lam

Hiati marked by sand
lam 1 mm thick

79LC17 Did not arrive in Canada

THICKNESS

variable

11-14 cn

34 cm

1«3 cn

-k cm

8, 10 onm
high

23 cm
high

DETRITUS POROSITY
¢5% clay variable
in all
sections

15%
ang X1
10%
ang X1
. 10-15%
ang X1
10%
ang X1
10% clay < 5%
mostly on ang X0
growth lam
<5% clay 5%

all on ang X0

growth lam

CRYSTALS

variable

av, 0,5 mm
polyg random
spar ] mm x
1lenm, // lam
av, 0,5 mm
polyg, random
spar % mm x

1l om, // lam

spar, no grain
boundaries
visible
rextlz?

orient 7

spar, much as
79LC15
rextlz?

orient?

LAYERING

Clay on hiati

clay concentrated

on lam

clay concentrated

on lam



SAMPLE - LOCATION DESCRIPPION THICKNESS DETRITUS POROSITY CRYSTALS LAYERING COMMENTS

791€18 S pl sup? Tan to0 light brown fst 10 em o% 10% on spar, b mmx 2 smal) crystals on
sq ? under stg, 1 hiatus in hiatus c¢a, some polyg hiatus, more porous
middle of centre slightly convo. . ~5% in on hiatus, //  on piatus
main cham luted lam in bottom layers lam, random on
half, also darker ang X0 hiatus
79LC19 S ?p1 Transparent white stg, 12 em 0% 0% huge, larger none present Whole plece seems to be
sup???  faink growth lam, macro-  high . than thin made of several large irre=:-'-
near xtln, base is white-brown 6 cm diam section gular blocks each one a
puits convoluted fst with soda at base random single crystal
8q ?7? straws in base, base sepa-

rated from stg by growth

hiztus, outer rind opaque

79LC20 couloir tan stg, separated from 8 cn 20% clay +  10% ang spar, 1/10 mm clay content, Black region contains
BD/S variable base by growth high stg opaque-mia X0 (b}ack)’ x % mm black, porosity, and bone, microfauna (20%)
= BD 117 hjatus convoluted filled base 4-6 in black, 15% rd 1/10 polyg colour changes occur im stg, éboulis
= S pl with sand, bawe is tan at cm thick 30% clay n sts’ random stg, in stg.

sup?  top, black in middle, in stg, 25% ang spar, £ x 1 mn

orange at bottom orange 5% X1 erangs. orange // lam

elay
ABBREVIATLONS:
ED = Bourgeois~Delaunay fst = flowstone av = average ain = mineral Connectadness of the P
ores
S = Suard stg = stalagmite polyg = polygonal shaped crystals diam = diameter X0 = unconnected
¢, = couche stc = stalactite. orientzorientation Pl sup » plancher supSrieur X1 = partially connected
sq = square ang. = angular pore reEtlz = rec '
. = rystallized xtln = crystalline =
lem = laminations shape oot
} // lam = oriented parallel to X3 = well connected

rd = rounded pores
growth laminations X4 = a sponge-like porostty



C)kerATION af DAYA FROM LACHAISEs 80 Co 7
USING SAMPLES  77LC '
CAMPLE ArE FRROR YIELDS
U~232 TH-Z28
(KA) (KA) (z) (%)
+ 12.4 .
77LC1-1 102.3 ¢ 63.18 30.22
- 11.6
+  11.0
77LC1-2 93,5 bi.73 11,81
- 10.0
12.0
AVERAGES 101.5
- 11,2
CORRELATION OF LATA FRCM LACHAISE, 8D C. 7
USING SAMPLES 79LC11, 73LC12
SAMPLE AGE ERROR YIELODS
U=-232 TH-228
(KA) (KA) (%) (7Z)
+
79LC11~-1 58.5 ¢ 2 34455 16.96
- .
+ 9
7IC11-2 S.7%¢ 9 10.98 27.10
+ 8.
79LC11-3 75.3 ¢+ 11.26 2018
+ 5.5
7etC12~1 72.1 ¢+ 5.3 47.51 83.97
raLcie-2 - 39.25 0.C0
+ 6.3
AVEQAGES 70.7
- 5.0

it

NOT INCLUDEC IN THE AVERAGE DATE

+ THORIUM CORRECTION USED CALCULATED AT R =
¢ QEPPESENTS THE YOUNGEST AGE POSSIBLE NCT THE LOWER ERROR LIMIT CALGULATED AT R =
NOT THE UPPER EFKROR

+ PePPRESENTS THE CGLOEST AGE PCSSIBLE,
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Table 6,43

CORRELATION OF DATA FROF LACHAISE- 8D :
OSING SAMPLES = EAST SIOE 79LC13
SAMPLE AGE EPROR YIZLOS
i U-232 TH-228
(kA (KA} 1) %)
34,3
739LC13A-1 55.0%+ 29.52 2.98
- 31,2
+
7T9LGCL3A=2 79.8 + 28.12 56451
A P |
AVERAGES 79.8
- 4.5
SAMPLE acE EPROR YIELDS
U-232  TH-228
) (KA} %) 1%
+
79LC138-1 33.5 ¢ . 64,27 50.72
+
79LE130-2 34,3 54,27  54e13
+ 5.2
AVERAGES 39,1 .
SawpLE AGE  ERROR YIELDS
-232 TH-
(KA) (KA) Yige ™Migse
+ .7
7LC13C-1 120 .6 37.53 40.93
+ Bt
79LC13C-2  109.2 . 25,30  60.87
: - .8
+ .
LVERAGES  113.8 75
- 7.0

PoOoNGT INCLUNED IN THE AVERAGE DATE

+ THORIUM CORRECTION USED CALCULATED AT R =

-
. e

+*

-
..

1.25

*
[a%)
-

-

-

+*

——m—-

I+

+*

{U-254)

(U=-238)0

CONCENTRATIONS

U=238 TH=232
(PP M) (PPM)
« 348 02
37 oG5
«37

CONCENTRATIONS

U-238 TH=-227
(PP (PPM)
04 «C0
«31 «02
.17
CONCENTRATIONS
U=238 TH=23
(PPM) (PPM?
26 .50
46 G4
« 34
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Table 6,44

CCRRELATION OF QATA FRUM LA
USING SAMPLES 77LC2, 79L0
]

TAMPLE AGE ERROR YI1LLES TH-23§ TH=-2 33 U-234 (U=-234) CONCENTRATIONS
U=2322 TH-228 U=-234 TH-232 Uu-238 ty-238)0 U-238 TH-232
(KA) (KA) (%} %) (PPM) (PPM)
+ iT7.7
77LC2~-1 123.4 + 60429 17 .41 «703 1544 1.029 1.031 «23 «03
- 16.1 + L039 + 7.6 t 06l + L007
: + 27.5
77LL2=-2 153.0 + 48.64 15.52 o775 20 o4 1.056 1.048 21 «03
- 23.4 +  J048 + 16,2 +  Wud8 +  LG1t
+ 36.A
77LC2-3 2 240.5% 59.40 LKW 71 « 204 L4741 «9951% 1.112% «23% .01
- 27.6 + L,033 + 24,0 ¢ L.531 + .018
+ 1249 ,
7T7LC2-4 14546 37.79 27440 746 29.5 1.100 1,086 22 «02
- 11.6 +  L.030 + 11.3 +  .LQ + 005
+ 32.0 .
7 C16A-1P 159,33 + 28,83 38.71 <802 9,7 1,136 1.089 39 «11
- 25.3 + 053 + o7 + 080 + W0tc
+ 13.6
7ALC14A =2 163.7 20454 49.63 « 787 52.8 1,043 1.0980 ol o G2
- 12.2 + J027 + 11.4 + G382 + WJ6in
t 17.7
79LC143-1 151.7 ¢ 54439 74 .59 772 201 1,032 1.047 «23 «83
- 15,5 + L 035 4 2.8 +  L045 + W037
+ bR
79LC14C~1 106.88 - 33.11 39,48 631 30.0 1.037% 1.677% 458 +03
- Bels +  W023 + 8.0 +  ,029 + W02
+ 4.1 . }
. ol 2 1G6ul.C 1.054 1.080 «06 Leul
791.C14C-2 146l R 7.5 67.60 8674 . .518 10u N ‘022 : ‘003
+ 15,2 5
- . « 75 2846 1,065 1,087 «35 «03
7OLCI4D-1  150.8 16,83 46.96  .759 28,8 1.0W8 1.9
+ 16.1
1.057 1.087 «22
SVERRGES  151.0 RS 74 SR 14

1T WOT INCLUBED IN THL AVERAGEL DATE
+ THORIUM CORRCCTION USFD CALCULATED AT R = 1.28°



CORRELATION OF DATA FROM LACHAISE, S PL SuP
USING SAMPLES 79LC15
SAMPLE AGE ERROR YIELCS TH=230 TH=230 U=-234 (U=234) CONCENTRATIONS
U-232 TH-228 U-234 TH=232 u-238 (u-23810 U-238 TH=232
(KA) {KA) (M) (%) (PPM) (PPNM)
+ 18.2
79LC15-1 119.3 + 17.56 28414 «713 8.7 1.127 1.177 «25 07
- 16.3 + o040 + 1.5 + .063 + .013
+  14.9
79LC15-2 B7.63¢ 6460 20 .32 611 6.9 1.025% 1.162% +» 383 «11
- 13.7 + 046 + 1.1 +  Wa77 + WCLi(
+ 8.9
79LC15-3 7The53+ 8.58 55.97 525 14.8 1.023% 1.1568 «67% «08
- 84 + W035 + 2els + L0071 + +006
+ 13,2
AVERAGES 119.3 1.127 1.177 25
- 1643 + 063 + L2097
SORPELATION OF DATA FROM LACHAISE, S PL SUF
USING SAMPLES = 79LC16 .
SAMPLE AGE ERROR YIELOS TH~220 TH=230 Uu-234 (U=234} CONCENTRATIONS
U-232 TH-228 U=234 TH=-232 Uy-238 (U-2381 8 U=-238 TH=-232
{KA) (KA) t%) (7} (PP M) (PPN}
+ 5.6
790161 57.3%8¢+ 38.88 26.89 453 8.0 1.0453 1.053% «39% «07
- Seb + L0022 + 1.2 +  L,039 + 047
+ a,5
79LC16~1 R 45.3%+ 38.88 27.10 «368 11.9 1.0453 1.051% «39% 04
- 9,1 + W41 + [ + o039 + <046
+ R3.2
79LC16-2 24€.1% 14,94 - 37.€9 «954 37.7 1.31113 1.6248 +182 « 02
- 49,2 ¢ Lu7% + 21.0 +  L113 + 362
+ 2.4
79.C16~3 9.2% 26459 11.48 <081 2 100C.0 Lou543 14603 «208 Ue04d
- 2ol + 021 ¢+ L056 +  J060
+ 21.6
7LC16-4 89.28% 3.18 20«40 «578 29.6 1,3713 1.4768% «25% «02
- 18.3 +  J086 + 23.2 + L2711 + W377

% NOT INCLUDFO IN THE AVERAGE DATEC
+ THOPTUM CORRECTION USED GALCULATED AT R = 1.25



COFRELATION OF DATA
USING SAMPLES 79LC
SAMPLE AGE ERRCOR
(KA} (KA)
+ .
79LC18A-4 94.5 7
+ 9.7
7LC184=-2 105.6 +
- 9.1
+
7aLcian~1 110.4 +
- 6'
79LC18A=2 2 350.08+
(2 35040¢)

AVERAGES 103.8

¢ HWOT INCLUDED IN THE AVERAGE

;EOM LACHAISZE, S PL INF

YIELDS TH=-230 TH=~230 U=-234
U;g?? TH-228 u-234 TH=-242 u~-238

8.59 43 .90 «5856
+ « 023 +

22.13 25.38 €67
+ L 026 +

38.52 4092 «663
+ L0021 +

15436 25497 2

DATE

¢ THORIUM CORRECTION USED CALCULATED AT R = 1.2%
¢ REPPESENTS THE YOUNGEST AGE POSSTIOLE NCT THE LOWER ERROR

35.1 1.074
Sel + 039
8.3 1.125

o7 +  J03€

1644 1.042
1.8 + Jd21

20.5 1.3733
2.7 + .089

1.07¢
+ «028

LIMIT CALCULATED

(U=-234)

- (R4
. -
[ <
< (=
& .

"+
..
oo
Ly
Ci

*
.a
oo
0

AT R =

CONCENTRATIONS
U-2328 TH=232
(PPH) (PPM)

o11 WGl
42 012
11 oGl
«G9% o0b
21
1.25



CUPRELATION OF CATA FROM LA u 3
GeTRE 4 analeS 3 E3OM LACHATISE, COUCHE 5
SAMPLE AGE ERROR YIELDS TH-230 TH-230 U-234 {U~234).  CONCENTRATIONS
U=232 TH-228 u-23 TH-23 u-238 (U-258)0 U=238 TH=23
(KAY (KA) %) 14F N 232 23 23 {rERy  TRBA
77LC3-1 2 350.0 + 57.56 5611 1.045 11.1 1.006 - .12 .03
- 295.93 + 088+ T3+ Tlpaz
+ 311
77LC3-2 162.7 + 43.33  47.01 .796 174 14090 1.066 .13 .02
- 25.4 + J051 4+ 5.5 ¢  ,069 + .0i5
v+ 7341
77LC3-4 196.2 + 56,40  32.53 .846 15.7 1.041 1.671 YA .02
- 47.3 ¢ 2678 ¢+ 10.8 -+ ~.089 « .037
+ 27,9
AVERAGES  246.8 1,042 1,162 .13
- 42..4 + +081 + v14d

§ NOT INCLUDED IN THE AVERAGE DATE
+ THORIUM CORRECTION USED CALCULATED AT R = 1.29%



Table 601"8

CCPPELATION OF CATA FRCM LACHAISE, SUARD PYLTS
USING SAHPLES  79LC19 =
SAMPLE AGE ERROR YIZLCS TH-230  TH-230 u-234 (U-234)  CONCENTRATIONS
U-232 TH=228 U-236  TH-242 U-288  (U-258)0  U-238 TH=232
(KA (ka) 33) ¥4 (PPH)  (PPM)
S 4
791C19-1 2.2 + 30,07 30469 034 5.1 1.152 1,155 our .03
- 1.7 ¢ L0068 ¢ 1.5 o+ L0389+ .00:
s 2.2
79LC19-1 R 9.3 + 36.07  27.53 ‘106 5.1 1.152 1.156 a7 .03
- 2.2 ¢ J010 o+ 107+ TJ039 o+ JT21
79L619-2 - 16439 0.00 - - 962 - .45 -
+ 0,000
+ 1.0
79LC19-3 16,7 + 49.61 54,73 .108 8.8 1.092 1,694 45 02
- 1.0 ¢ L005 ¢ 1.7+ L023 o+ L06g
+ 1.5
EVERAGES 3.7 1,092 1.03¢ 46
- 1,5 + 2029+ L1034
¢ NOT INGLUDED IN THE AVEPAGE DATE
+ THORIUM CORRECTION USED CALCULATED AT R =  1.25
¢ PEPPESENTS THE YOUNSEST AGE POSSIELE NOT THE LOWER ERROR LIMIT CALCULATED AT R = 1.25

*+ REPRESEMNYTS THE OLDEST AGE PCSSIBLE, NOT THE UPPER ERROR



Table 6.49

CORRELATION OF DATA FROF LACHAICSE gOULOLg
USING SAMPLES 79LC2C i

CAHPLE AGE ERRCR YIgeLDs TH-230 TH=-230 U=-234 (U=234) CONCENTRATIONS
U=-232 TH-228 U=234 TH=222 U=-238 (U-238) 4 U=-2358 TH=23
(K&) (KA) (¥ (%) (FPM) (PPM
raLczi-4 - 10.46 .00 - - 1.024 - 25 -
+ 0.000
+ 14.0
79LL25-2 B6.6% 4o.84 5492 «556 2 1000.0 1.18C% 1.1293 «213 .00
- 12.5 + «056 + «078 +  WLUG6
+ 249
79LC20-3 37.3 ¢+ 23.64 51.53 « 352 5.2 1.062 1.112 «28 «06
- 2.9 + 013 + o + o029 + .001
+ 14.8 .
791L.C20~4 19.2% 2¢24 1.83 «163 271000, 1.265% 1.106% 668 .00
- 13.0 + .107 + 174 + WUl
v 8.9 ) X v
7RLC20-5 50.8 + 49,04 9.35 w429 6.3 1.136 14116 «39 «09
- 8.6 + 4032 + 1.8 + 023 + 053
+ 3.8
AVEQAGES 39.4 1.101 +«9%6 « 30
- 3.8 + .21 + 036

T NOT INCLUDED IN THE AVERAGE DATE

¢ THORIUM CORPECTION USEN GALCULATED AT R = 1.25

4 REPRESENTS THE YOUNGEST AGE POSSIBLE MCT THE LOWER ERRCR LIMIT CALCULATED AT R = 1+25
¢+ OFEPRFSENTS THE OLOESY AGE PCSSIPLE, NOT THE UPPER ERROR



Figure 6,18

79LC1l, Couche 7, Bourgeois-Delaunay:

A, The upper surface of Couche 7.
The pen marks the location of
791C11.,

B, Close-up of the remaining portion
of the stalagmite,

(photos courtesy of H. Schwarcz)
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Figure 6,19

79LC13, Couche 11, Bourgeois-Delaunay:
Three different portioans can be seen in the

flowstone; the middle one pinches out toward

the ruler,
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Figure 6,20

79LC15 and 79LC16, Plancher Supérieur, Suard:

A, T9LC1S5
B, 79LC16
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Figure 6,21

79LC17, couche 53, Suard:

Unfortunately, this sample did not arrive,

but it is comparable to 77LC3.
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Figure 6,22

7ILE1E,

Ae

E.

Flspoher ﬂmg"!ri!ur, Suard.

Bafore Lthe sampla was removed.

ifter the sapple wes removed, Hote the soda
gtraw in tha middle, amd the boane breccle

st the bads (courteay of H, Schwarcs),

A tool embedded inm the bass of the sample.

Alge potes the bopes and soda streaw lm the

base of tha saapls.
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Figure 6,23

79LC19, near the puits, Abri Suard.

Figure 6,24

79LC20, in the couloir, comparable to
couche 11, Bourgeois-Delaunay, and the

Plancher Suvpérieur, Suard.
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Figure 6,25

Sagmple locations in Bourgeois-Delaunay.

Thickened lines indicate the location of
cuts made by Débénath (adapted from Débénath,
1974).,
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6+e3.8.1 Bourgeois=-Delaunay

79LC11 and 79LCl2 were stalagmites collected from layer 7.
Unfortunately, David had removed all of the overlying layers 2 to 6,
Therefore, the relationship of the stalagmites to layer 6 is unclear,
but there is no evidence that the growth of these stalagmites con-
tinued after the deposition of layer 6, Furthermore, they grew on-
the surface of the flowstone that forms layer 7 with no obvious
break in calcite deposition.

79LC13 is a sample of flowstone collected by the writer
from what appeared to be layer 1ll. It lay within a block of sedi-
ments which was being excavated at the time of its collection,
Covered by brown silty sand, and underlain by similar material,
the sample was approximately 1 m below the level at which layer 7
sits elsewhere in the cave, Layer 7 was not present directly above
79LC13,

79LC14 was selected by Debénath specifically to represent
layer 11, although it was not in situ at the time of its collecticn,
Both 79LC13 and 79LCl4 display growth lamininations marked by colour
bands but no obvious concentrations of detritus. In thin section,
there is a slight increase in detrital content visible on these
laminations.,
6e3.8.2 Suard

Both 79LC15 and 79LC16 are stalagmites collected in Suard

from the surface of the plancher suvérieur., There was no obvious

break in calcite deposition between the growth of the plancher and

that of the stalagmites., 79LC16, however, did have a strongly mar-
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ked lamination about 5 mm from its outer rim, which represent a hi-
atus in deposition marked by a layer of sand. Although there are
no sediments presently overlying these samples, they could have
been removed by David,

Because no conelusive date had been previously determined
by Schwarcz and Debénath (1979) for 77LC3, from layer 53', the plan=-

cher inférieur, a new sample was collected. Unfortunately, it was

never shipped from France,

79LC18 was collected from the plancher supérieur topping

Davids witness section, It is the flowstone which formed the base
of the stalagmite. No sample was collected from the stalagmite
atop it because such sampling would have destroyed this magnificaﬁt
specimen, Embedded in the base of the sample was a flint flake,
bones, and calcite eboulis. Above that, the sample was
of pure calcite. See Figure 6.22.

79LC19 was a stalagmite which was collected from a plancher
in the back of Suard in a very wet grotto. It is contiguous with
the plancher. No clastic sediments cover this area.
6.3.8.3 Conloir

79LC20, from the plancher in the couloir between Suard and
Bourgeois~Delaunay, was difficult to relate to any other strata.
It occurred approximately 0,5 m below the ceiling and 1 m above the
floor. There is a small stalagmite on its surface, which overlies
three,and in places four distinguishable flowstone layers. There is

an obvious hiatus in deposiiion marked by an accumulation of sand

under the stalagmite
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Subsamples taken for analysis were as follows:
79LCl11l: all subsamples contain approximately the outer half of
the growth rings, 1ll-l .and 11-3 from the top, 11-2 from
the side.
79LC12: 12«1 golden brown basal portion.
12-2 top 1/3 of stalagmite, centre slice.
79LC13: all subsamples are from two adjacent slices subsamples
of equivalent stratigraphic position are labelled with
the same letter,
79LC14: aall subsamples are from one slice; subsamples of equiva-
lent stratigraphic position are labelled with the same
letter,
79LC15: 15-1 top 5 cm of stalagmite
15-2 middle group of laminae
15-3 basal portion
79LC16: 16-1 outermost ring separated from rest by sand lamination.
16-2 middle section, several growth rings wide (it should be
younger than 16=3, 16-4),
16-3, 16-4, middle section, oldest growth bands,
79LC18: 18A top % of the flowstone, all subsamples are equivalent,
18B bottome %, all subsamples are equivalent.
79LC19: all subsamples are equivalent in age,
79LC20: 20~1 second layer from bottom, yellowish calcite,
20-2 bottom orangy layer,
20-3 black layer, ‘top of flowstone base.

20-4 stalagmite on top.



323

79LC20: 20-5 base of flowstone equivalent to 20-1 4+ 20-2,

6.349 Results
Tables 6,40 to 6,49 list the results for Lachaise.
6¢3¢9.1 Bourgeois-Delaunay
Both 79LCll and 79LCl2 were ccllected from the surface of
layer 7. With the exception of 79LC12-2 which has an anomalously
high uranium concentration, the three determinations agree well,
+ 6.3

with an average of 70,7 - 6.0 Ka, which coincidentally is the un-

corrected age for 79LCll-l. This is significantly younger than

+ 12,0
- 11.2

former two are stalagmites, while the latter is a piece of flowstone,

77LC1l, dated at 101.5 Ka, Considering, however, that the
the ages are consistent. Furthermore, no significant amount of
detrital deposition coulid have occurred between the two periods
of depositiaon,

-

79LC13, supposedly from layer 11, appears to have been over-

turned. Furthermore, none of the dates, 79.8 : t’; Ka, 89,1 : 2’3

Xa, and 113.8 : ;:g Ka, agree with those determined on other sam-
ples from layer 11, which ) average 152.4 Ka. Instead, these dates
for 79LC13 seem more consistent with those of layer 7, noted above,
If the sample is indeed from layer 7, then three different periods
of deposition occurred to deposit the flowstone which shows two
well marked hiati.

Although 79LCl4 was collected to represent layer 11, and
although its age is almost identical with that of ¥7LC2 from layer

11, the date for 79LC14 is not in agreement with that for 79LCl13,
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Both 79LC13 and 79LC14 look very similar, but there are three dif-
ferent horizons in the former, which all have significantly different
ages, while those in the latter, of which there are four, are indis-
tinguishable from one another. Assuming that 79LC13. is from layer

7, the age of layer 11 is 15140 + 16,1

- 14,0 K=

6e3.9.2 Suard

Both 79LC15 and 79LC16 come from the plancher superieur in

Suard in two adjoining grottoes. T79LCl5 ranges in age from 74,5 to
119.,3 : ig:% Ka, which is consistent with the age given below for
7§LC18. 79LC16, however, is completely inconsistent, yet there is
nothing in its crystallography to suggest it might haﬁe been leached
or reprecipitated. Both 79LC16-2 and 79LC16~3 have uranium conceﬁ-

trations which are low, but 234U/238

U ratios which are high compared
with those of 79L€15., 1If these two dates are ignored, then the
stalagmites in these grottos grew periodically from approximately
120 until 45 Ka, The last period of deposition is marked by a sand-
filled hiatus in growth,

79LC18 was collected from the plancher supérieur in David's

. . . . / .
section, This is contemporaneous with the plancher superieur in

the grottos., 79LC18 averaged 103,0 : g‘g Ka. Because the deter-

mination for 79LC18B-2 has a low uranium concentration and a high
234'U/238U ratio, it has been ignored in the average age. There
was no apparent hiatus in deposition although one lamination is
visible in the sample.

Corresponding to 79LC1l7, 77LC3 is still a problem., Although

Scwarcz and Debenath (1979) reported an average date, there is no reasente
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disregard any of the dates. Therefore, no conclusions regarding
the age of layer 53' are. possible,

79LC19 from the back of Suard is a post-Pleistocene stalag-
mite, 9.7 + 1.5 Ka BP, It is not comparable with the plancher su-
grieur, as had been hoped.
6e3¢9.3 Couloir

Originally thought to be contemporaneous with both layer

11 in Bourgeois-Dalaunay, and the plancher supérieur in Suard, the

plancher in the couloir, represented by 79LC20, is not contempora-
neous with either deposit. Because the yields for 79LC20-2 were low,
this determination is somewhat doubtful. It may, howéver, be ac-
curate since this subsample is the base of the multilayered sample,
79LC20-5, 79LC20-3, and 79LC20-4 sequentially overly the base, with
ages of 50,8 +‘8'9, 37,3 4+ 2.9, and 19,2 * 148 oo respectively,

- 806 - bl 13.0
although the low yields for the last make it very unreliable. There-

fore, deposition in the couloir may have begun at the same time as

deposition in both layer '? and the plancher supérieur was ending,

but it continued periodically until at least 37 Ka, and possibly

until 20 Xa,

6.3,10 Conclusions

If it can be assumed that 79LC13 is indeed layer 7, then
Figure 6,26 shows the depositiomal history of Lachaise. Calcite
precipitation has been active in the cave during the major inter-
stadials of the Wurm, in addition to the Riss/Wurm, and the Riss

II/1I11.



Figure 6,26

An intrepretation of the depostional history
of Lachaise
Note that a question mark indicates an age which

which is uncertain.,

RRRAS

No depostion occured during this time.
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In Bourgeois-Delaunay, layers 12 and 13 were deposited prior
to the RissII/III, probably in the Riss II, Both of these deposits
have pollen suites which indicate that they were deposited under
very cold conditions, which is consistent with a stadial. Layer 11
was deposited during the Riss II/III interstadial, when the area
contained many trees. Unfortunately, the glacial isotopic record
suggests this should have been a fairly cold time. Perhaps the
warm period was very brief and did not last sufficiently long for
it to have heen preserved in the isotope record.

Overlying layer 11 are layers 10 through 8, all deposited
during the Riss III, from 150 to about 115 Ka., The lowermost layers
have pollen suites consistent with a cool wet period. Layer 7 was
deposited in at least four stages during the Riss/Wﬁrm, but no clas-
tic deposition occurred between periods of stalagmitic deposition,
presumably because the cave was closed off from the outside, or was
washed clean of the clastics before calcite precipitation was re-
newed each time., Growth of layer 7 spans the period from about 115
until 70 Ka, a time which saw many trees flourishing in the region.
Layers 6 through 1 were deposited after 70 Ka,

In Suzrd, deposition must have begun somewhat earlier, be-
cause layer 53', a stalagmitic plancher, was deposited before any
in Bourgeois-Delaunay, although the exact date is uncertain. At
that time, however, the region boasted many trees. Therefore, layer
53" must have becn deposited under very warm cohditions, during an
interstadial, or interglacial.

Layers 53 to 48 and VIII to III overlying layer 53' are
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capped by the plancher supgrieur, which was deposited starting at

approximately 120 Ka, These layers were all .deposited under cool
conditions, determined from the pollen. That these predate the
Riss/Wurm does solve the problem of the high incidence of reindeer,
which had caused Debénath (1974) to assign them to ihe late Riss.
Stalagmitic deposition continued from 120 until at least
100 Ka in the main chamber, and until about 75 Ka in the side grot-
toes, Deposition was probably equally prolonged in the main cham-
ber since the stalagmite there, which was not dated, is approximate-
ly 20 cm tall, suggesting that it grew over several thousand years,
In the side grottoes, no sediment deposition occurred until aftier

a final capping of calcite had been added to the plancher supérieur

at about 45 Ka, in the Wurm I/II. Unless,the stalagmite in the
main chamber can be dated, however, it is uncertain if sediments
were deposited there between 75 and 45 Ka. Deposition of layers
I and II could have been deposited at any time during the Wurm,

Containing 90% trees, the pollen suite for the plancher supérieur

confirms that the period must have been very warm and wet, as an
interglacial would have been.

At the back of Wuard active deposition began approximately
10 Ka BP, after the end of the Pleistocene, and still occurs pre-
sently (Figure 6,5),

The couloir experienced periodic deposition which may have
begun contemporaneously with stalagmitic deposition during the Riss/

Wurm in both Bourgeois-Delaunay and Suard, but continued periodi-
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cally until about 50 Ka without any sediment deposition. It is

likely that the couloir was blocked off from Bourgeois-Dgluanay and

Suard during the time, After some deposition of sand another sta-

lagmite grew in the couloir, possibly at about 20 Ka, in the Wurm

II1/1IV, follwoing which the couloir was opened and filled with sedi-

ments .

Archeologically, these data present a few problems, parti-

cularly with respect to the skeletal remains., If the material em-

bedded in the base of layer 11 is truly classic Neanderthal, then it

is older than the supposed appeesrance of the classic Neanderthals by

about 70 Ka, although this does agree with the age determined for the

Ehringsdorf skull, also a classic Neanderthal (Blackwell, 1978}, Fur-

thermore, if the material in layer III is pre-Neanderthal, it may

postdate the classic forms. There are three possible solutions to

this problem:

1, Layer III is older than layer 1ll. The plancher sugéfieur

was deposited after a lengthy hiatus. Why, however, was
there no deposition in Suard of any plancher equivalent to
layer 11, and why was there no sediment deposition after

150 Ka until 100 Ka?

2. The pre-Neanderthal material is actually Neanderthal.

3. There coexisted tow contemporaneous populations, one of
Neanderthals inhabiting Bourgeois-=Delaunay using Acheulian
tools, the other pre-Neanderthals in Suard using almost iden-

tical tools,

The question will remain unresolved until layer 53' can be precisely
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dated,

In Bourgeois-~Delaunay, layer 9 contains an industry inter-
nediate between Acheulian and Mousterian., Assuming the rate of sedi-
mentation was constant during the Riss III, then the industry is
about 125 Ka old, but most archeclogists assume the Mousterian evol-
ved about 80 Ka ago, In Suard, an industry similar to that of layer
9 is present in layers I and II, but this postdates 100 Ka, That an
intermediate industry should have lasted so long is unlikely, which
raises a question as to the affinities of the industry in layers I
and II, both of which are rather poor., The dates of these layers
should be more firmly established, since these may be Wurm II depo-
sits, Because the grottoes in Suard and the couloir did not expefi-
ence sediment deposition during the Wirm I, it is possible that all
of Suard was inactive. If so, then layers I and II could postdate
50 Ka. This question could be resolved by dating the top of the
stalagmite atop 79LC18, and any other stalagmitic material which

appears to belong ot the plancher superieur near David's section.

Certainly Lachaise still presents problems, but dates on

couche 53! and the pillar stalagmite might solve then.

6.4 Montgaudier

Montgaudier, the cave near Vouthon, is one of the most
problematic sites in France, if not the world. An immense site,
about 750 m2, with several different floor levels, and -many small
abris and caves within the site, Montgaudier has yielded six cul-

tures in the 130 years it has been excavated, and is no closer to
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being understood than it was in 1850, Because of its immense size,

little has been excavated.

6.4.,1 The History of Excavation

Montgaudier was first excavated by E, Lartet, for whom Abri
Lartet was named, in about 1850, followed by Vibraye in 1864, Tre-
meau de Rochebrune and Bourgeois and Delaunay in 1866-67, Gaudry,
for whom Abri Gaudry is named, in 1867, Fermond in 1871-72, Paignon,
for whom Abri Paignon is named, Lartet and Gaudry in 1878=79 and
1896, Chauvet, de Nadaillac and Gaudry in 1888, Harle in 1892,
Fermond and Curtaillac in 1894=95, de Mortillet in 1907 and 1910,
Octobon and Vallade in 1926, and David and Pintaud in 1957=59.
The site was then abandoned until 1966 when i.. Duport, a gendarme
from Angouleme, started to work the site. Unfortunately, because
he is not a professional archeologist, the work has been largely
done by himself, and has not progressed very far, although he has

worked the site most of the year since 1966,

6.4.2 General Description

The complex of abris known as Montgaudier is located on
the left bank of the Pardoire about two kilometres downstream from
Montbron (Figure 6,1), Rather than one simple abri, the site com=
prises several different abris on different levels, At present,
there arc five principgl areas recognized, each on a slightly dif-
ferent level above the river, each with its own peculiarities,

The main entrance to the complex is at the present river

level through the Grand Porche (Figure 6.27). Looking NNE toward



Figure 6.27

Montgaudier, near Vouthon,
The plan view of Montgaudier showing the test
pits and excavations made recently (after Débénath,

1974).
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the river, the Grand Porche measures 13 m across and 10 m high.

A test pit was opened in this section in 1966 along with three more
recent test pits oriented north, east and west, as shown in Figure
6.27,

Toward the back of the Grand Porche, the Balcony is elevated
above the floor of the Grande Porche by about 8 m, sitting atop
fluvial deposits which have filled the cave (Debenath, 1974).

Above the Balcony are a group of small grottos which were excavated
at some unknown time, In the northwest section is a small grotto,
Cave Bear Alley, notable because it contains a fauna of cave bears,
U. deningeri, and hyena, along with a stalagmitic plahéher:'

Just to the north of Cave Bear Alley, Abri Lartet opens
to the northwest overlooking the valley from a height of about 12
n, Once covered by a more extensive roof than at present, this
abri has been extensively excavated by Duport since its initial
discovery in 1968,

Oriented to the ESE is a huge abri at about the same level
as the Balcony. A talus slope stretches 20 m in front of Abri
Gaudry (also known as the Tardoire part), and is continued in the
form . of a meadow around which the Tardoire flows. Part of this
abri was excavated in 1966 and 1968,

Between the Grand Porche and Abri Gaudry, opening on the
same level as the meadow is Abri Paignon, excavated since 1971.

All the,da%a which follows regarding the archeology, stratigraphy,
and paleocenvironments, unless otherwise stated comes from Debénath,

(1974), Debenath and Duport (1971), and Duport (1973, 1974, 1976,

1977).



Figure 6,28

An overview of Montgaudier:
A, Montgaudier as Gaudry pictured it, ¢, 1880:
A. The main entrance
B, Lateral arcades (Abri Gaudry & Balcony)
C. The home of a large bear
D. The monticule overlooking the vall y.
E. The upper meadow 32 m above the Tardoire
River (T).
B. Abri Gaudry today.
C. The Balcony looking through the gate at the
main entrance.
D, Abri Lartet from the Grand Porche.
(Gaudry's sketch after Duport, 1977; photo B courtesy

of H, Schwarcz)
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6.4.3 Stratigraphy

The stratigraphy of Montgaudier is one of the most complex
of any of the cave sites, because of the interaction of the differ-
ent levels, in addition to the interaction of fluvial depgsits with
rock fails and stalagmitic deposition, complicated by slump deposits
and human occupations at several different times in different parts,
from the late Acheulian to the Bronze Age, Consequently, in some
areas, Mousterian deposits overly Magdalenian!.
6.4.3,1 The Grand Porche

In the east cut, the sequence consists of 5 m of sands co-~
vered by a thin breccia of large rocks. Just below the breccia is
a thin lens of iron and manganese salts. The lowest portion com-
pris¢s fluyially deposited gravels and sands., Several levels of
saéd.haﬁé'ﬁeen cemented into a sandstone, Much of the sediment
has been derived frem the carbonates. At the top of the sequence
apg fragments of a stalagmitic plancher,

In the north cut, there is about 5 m of silty sand veéy
similar to the east cut. These deposits have been interpreted
(Debénath, 1974) as an initial cave deposit partially removed and
redeposited with other fluvial sediments,

During the 1966 excavation, four layers were defined?

1. Yellow silt with large calcareous eboulis (alloch-

thonous) and quartz and iron.

2. Similar to 1, but containing more gravel and éboulis.

3, Similar to 1 znd 2, but with fewer é%oulis, no cemen-—

tation, and no illuvial concretions, Ferrous elements
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suggest fluvial deposition, but frost did affect the
deposit, None of the quartz is windblown.

4, Similar to the others, but with more éboulis than 3.

In the west cut eight levels comprise about 10 m of sedi-
ments. In the upper four, large pieces of stalagmitic planchers
and calcareous éboulis are found in the sandy silts., The lower
layers, also sandy silts, lack éboulis. Laterally along the cut
the stratigraphy is modofied when several silty layers are inter-
spersed between layers 7 and 8. Differing principally in colour
from white to reddish~brown, these beds contain a layer of plaquettes
sandwiched between two silt layers,

To the extreme west directly beneath Abri Lartet is a hete-
rogeneous group of silty layers with éfoulis that together measure
10 m thick, As the base is an ancient debris fall below which was
found an in situ succession of Mousterian layers for which the
stratigraphy comprised seven layers of varicoloured sands and silts
underlying the fallen roof debris, one which measured 14 m2. Be-
neath this, and more toward the main entrance was a sequence of
sands and silts underlying a 9 m2 block of éboulis‘ In the thir-
teen layers of various colours were pre-Mousterian artefacts.
6.4,3,2 The Balcony

In the Balcony sequence, slump blocks, fluvial deposits,
and Magdelanean cultures combine, . .Three series have been studied
here., In series A, the 0.8 m thick sequence is:

1. Fine silty mud with few éboulis. Magdalenean culture.

2, Silt rich in carbonate. Sterile.
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3. Stalagmitic plancher,
4, Sterile silt.
Series B contains two layers of arched pieces, while series C has
two layers of fluvial sediments,
6.4.3,3 Abri lartet
Since 1971, most of the excavation in Lartet has been con-
centrated in squares D~@ 1-7. In the western part of the abri (see
Figure 6.29), the stratigraphy is as follows from the top, as shown
in Figure 6,30:
1. Soil and vegetation,
2., Red breccia with calcareous blocks, Mousterian arte~
facts, and faunal remains,
2'. Red breccia with fragments of stalagmites, and Mous=-
terian industry.
3. Sterile brown silty sand.
4, Yellow breccia with stalagmite fragments and large
calcareous eboulis,
5. Yellow sandy silt with small é%oulis.
6., Very indurated breccia, with an indeterminate industry
and faunal remains,
The total thickness represents about 2 m, From the bottom upward,
the effect of cryoclastic action increases; As in the Grand:Porche,
it is difficult to relate the stratigraphy on one side with that
on the other, particularly because so little has been excavated,

This entire sequence contains a Mousterian assemblage.



Figure 6,29

Plan view of Abri Lartet:
X marks the location of samples collected for

U/Th dating (adapted from Débénath, 1974),
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Figure 6,30

Stratigrpahy of the west cut in Abri Lartet

(after Débénath, 1974)
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6.4.3.4 Abri Gaudry
Much controversy has existed about the stratigraphy in Abri
Gaudry, because it is a talus slope with Magdelanean interbedded
with Mousterian, In 1971, Duport clarified the stratigraphy as
follows
0. Breccia of stalagmitesand fallen éboulis blocks,
l. Yellowy-orange silty sand with many small limestone
fragments. At the base large blocks up to 0.3 m.
Final Magdelanean with engraved bones,
2A, Very similar to 1, but more yellow-.in colour.
2B, Light yellow sand with small limestone fragments

and slight lamination.
2C. Red silt with polyhedral structures developed.

3. Sterile red silt.

4A, Cryoturbated sand with cryoclastic éboulis, brecciated
in the lower portion.

4B, Very similar to 4A,but with smaller &boulis.

5. Small ébOulis in a matrix of brown sandy silt, Upper
Paleolithic (Aurignacian) artefacts.,

6. Silt with traces of hearths and burnt bones.

7. OSterile yellow sand,

8. Stalagmitic plancher, broken but in situ.

9. Series of varicoloured sterile muddy silt layers.

6.,4.3.5 Abri Paignon
The entire Paignon sequence is below that of Abri Gaudry,

but is not necessarily older, because of possible slumping of the
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Gaudry material., Of the two excavations, the Paignon cut comprises

approximately 4 m of sediments, while the Prairie cut contains more

than 3 m of
1,

2,

3

5

7.
The Prairie
that above.
1.
2.
3.
4,

£ill. The stratigraphy of the former is as follows:
An altered layer (0,2 m).

Reddish-~brown silty mud with medium-sized calcareous
eboulis and larger blocks up to several decimeters

in size particularly at the base, Magdalenian arte-
facts with engraved bones (2,0 m).

Very similar to 2, except there are no large blocks,

more brown, with Solutrean artefacts (0.2 m).

Light grey sandy silt with é%oulis, Upper Perigordian
artefacts (0,8 m), with three sublayers:

4A1. More eboulis.

4A2, Enriched in manganese.

4B, More silty with phantoms of éboulis.

Light grey silty mud with rare éboulis (0.5 m),

A succession of sandy layers becoming more silty toward
the base,

Either a large rock fall or the substrate.

cut, however, has quite a different stratigrapbhy from
From the top, it is:

An altered layer (0.2 m).

Red muddy sand with eboulis at the bottom (0.8 m).
Yellow sand with éboulis (0.5 m).

Fluvial deposit which is the former bed of the Tardoire

(1.5 m).
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5« A more silty level, the base of wich was not found.

Nowhere else in the excavation has the bed of the Tardoire been

found,

6.4.4 Archeology

Within Montgaudier, there is evidence of human occupation
during at least six cultural periods, from the Acheulian to the
Magdelanean, Because of the stratigraphic problems of the site,
however, the relationships between these cultures and within a
given culture for different areas of the cave are still problematic.
6eltests1 Lower Paleolithic

Few details have been published for this culture found
under the debris fall in the Grand Porche. The industry is made
on pebbles and flint flakes, Faﬁna in the level includes cave bear,
large bovids, horses, deer, rhinocerous, some tones of which have
heen nicked,
6.4.4,2 The Mousterian

Although Mousterian artefacts have been found in most parts
of the site, most arcas have too few to allow a more precise ¢las-
sification of the industry. Such is the case in the Grand:Porche,
where the fauna include reindeer, bear, cattle, horses, and bovids,
In Abri Gaudry, layer unspecified (Debenath, 1974), the industry
is Quina type, found in the Foyer (see Figure 6.27).

In Abri Lartet, however, the Mousterian levels are in situ,
not having been disturbed by previous excavation., At present, only
two levels have been extensively excavated. Tables §,51 through

B.95 1list the characteristics of the industries. Both can be clas-



Table 6,52 Tool Typology, Couche 1, Abri Lartet,

Mongaudier

Tool

1., Levallois flake

2. Atypical Levallois flake

7. Elongated Mousterian point

9, Sidescraper, simple straight
10, Sidescraper, simple convex
13, Sidescraper, double straight

convex

15, Sidescraper, double biconvex
19, Sidescraper, convergeni convex
21, Sidescraper, asymmetrical A
23, 3idescraper, tranverse convex
25, Sidescraper, on the ventral

surface

26, Sidescraper, abruptly retouched
30, Typical endscraper
31. Atypical endscraper
38, Naturally backed knife
40, Truncated flake
42, Notched piece
62. Miscellaneous

Total:

Number Percentage Restricted
Percentage

3 4,8
8 12,7
2 3.2 3.8
8 12,7 15.4
16 25,4 30.8
1 1.6 1.9
2 3.2 3.8
1 1.6 1.9
2 342 3.8
1 1.6 1.9
1 1,6 1.9
1 1,6 1.9
1 1.6 1.9
1 1.6 1.9
5 7.9 9.6
1 1,6 1.9
2 3.2 3.8
5 7.9 9.6

63 97.0 95.8

" Table 6, 7! Piece Typolapy,

Montgaudier

Fiece

Flakes

Blades

Points
Trinmed flakes
Tools

Discs
Polyhedra
Huclei

Debris
Hammerstones

Miscellaneous pebbles

Total,

Couche 2, Abri Lartet,

Humber

147

19
63

- & O O

259

56.8
1.2
0.8
T3

4.3

1.5
1.2
Ok

845

102.0



Tableg, %7, Technical and Tynolozical Indices and Charucteristic

Grours, Couche 1, Abri Lartet, Montgaudier

Index Total Restricted
Levallois 12,5

stting 23;4
Restiricted Facztting 23.4
Blale (lsuwellar) 3.8
Ayvnological Levallois 17.5 0
3idescraper (Group II) 555 67.3
Totzl Acheulizn (o} 0
Unifecial Acheulizn 0 o]
Bifecicl 0 0
Charentica 19.0 -
Quina 5.4 -
Group It taools i1 - & 17.5 0
Croup III: tools # 30 - 37, 40 4.7 5.8

Group IV: denticulites 0 0



Table 6.5”?' Tool Typology, Couche 2, Abri Lartet, Monigaudier

Tool . Rumber Percentage Restricted
Percentage

Tzble 6,." %} Piece Typolegy, Couche 2, Abri lartet,

Montgaudier
1. Levallois flake 3 246
fiace Tumber Fercentage
2, Atypical Levallois flake 11 9,6
Flakes 230 43,2 8. Limaces 2 1.7 2.0
Blades 2 Oult 9, Sidescraper, simple straight 14 12,2 13,9
rPoints [ 0 10, Sidescraper, simple convex 38 33,0 39.€
Trimzed flakes 136 25,6 13, Sidescraper, double straight 1 0,9 1.0
convex
Tools 115 21,6
15, Sidescraper, double biconvex 2 1,7 2.0
Dises 0 0
17. Sidescraper, double convex 4 345 4,0
Polyhedrs o] 0 concave
Huclei 8 1.5 18, Sidescraper, convergent convex 1 0.9 1.0
Debris 2 0.4 19, Sidescraper, convergent convex 4 3.5 4,0
Hammerstones 0 0 21, Sidescraper, asymmetrical '3 5,2 6.0
Miscellaneous: pebbles 38 7.1 23, Sidescraper, transverse convex 3 2.6 3.0
basalt 1 0,2
. 26, Sidescraper, abruptly retouched 1 0.9 1.0
00,1 . .
532 2 27. Sidescraper, with thin back 1 0.9 1.0
29, Sidescraper, with alternate 1 0,9 1,0
retouch
31. Atypical endscraper 2 1.7 2.0
38, Naturally backed knife 6 542 6.0
42, Notched piece 4 3.5 4,0
43, Denticulate 3 2,6 3,0
44, Bec burinante alterne 1 0.9 1.0
62, Miscellaneous ¥i 6,1 7.0
Total: 1s 100,1 101.5



Tale 6023 Technical and Tynolosical Indices and Characteristic

Crours, Couche 2, Abri lartet, Montgaudier

Tadex

Lavalloeis
facatting
Pestricied Faccitin

e (lamellar)

Sidescraper (Group IT)
Totzl fcheulizn
Unifacial Acheulian
Bifaciel

3

hzrentien

Q

Quina

Group I: toolz 41 - 4
Group II1: tools # 30 = 37, 40

Group IV: denticulntes

Total

7.9
30.3
21,1

0

12.1
66,0
o]
0
0
20,0

3.8

12.2

1.8
2,6

Restricted

7542

2,0

3.0

Table 6. Tool Typology, Couche 4, Abri Paignon,

Montgaudier

Tool

Endscrapers

Burins

Awls

Bec

Truncated piece
Retouched blades
Solutrean tanged point
Notched piece
Denticulate

Triangle

Backed blades

Total:

Number Percentage
5 6.9
31 43,1
6 8.3
3 4.2
1 14
10 13.8
1 l.4
1 1.4
1 l.4
1 1.4
11 15.3
72 98.6

Table 6,129 Piece Typology, Couche 4, Abri Paignon,

Montgaudier

Piece

Flakes (quartz)

Flakes (other rocks)
Blades, not retouched
Bladelets, not retouched
Burin spalls

Nuclei

Tools
Total

Numpber Percentage
389 59.5
16 2.4
57 8.7
58 8.9
37 567
3 0.5
72 _1.o0
654 9647
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sified as Ferrassie (Charentian) Mousterian., Figure 6.3l shows
incised and engraved bones found in Abri Lartet, something very
rare for Mousterian assemblages. Debénath (1974) feels that layer
1 is an altered portion of layer 2 caused by the penetration of
tree roots into the level.

Also within Abri Lartet, is a lithified Mousterian soil
about 30 m2 containing numerous bones, many splintered, from bovids,
horses, reindeer, and the skeletons of pigs (see Figure 6,32) in
perfect condition, Until the excavation of this is completed, it
is impossible to determine if this industry is different from layer
2 with which it is connected. The presence of the pigs in such good
condition compared with the state of the other bones, suggests a
cult was active which iz hitherto unknown in the Mousterian,
6.4,4,3 Perigordian and Aurignacian

Some Aurignacian tools have been found in layer. 5 in Abri
Gaudry, but there has been insufficient work done there to describe
the industry.

In layer 4 of Abri Paignon, 654 pieces of an Upper Peri-
gordian industry were found, listed in Tables 6.56, and 6.57..
Typical tools included Noailles burins, truncated pieces, blades,
and burins on truncation, some of which are shown in Figure 6.33.
6.4.,4,5 Solutrean

Although some Solutrean tools have been found in Montgaudier,
Debénath (1974) does not think there is enough to indicate that the
Solutrean actually existed at the site. NoASolutrean retouched

flakes have been found, and only 1 laurel leaf of unknown origin,



Figure 6,31

Incised and engraved bones from Montgaudier:

1, 2, 3, 4, 5, Traces of defleshing, Abri

6.

T

10,

11.

12.

Lartet, Mousterian levels (actual size).
Worked bone (22 mm long), Abri Lartet,
Mousterian levels.

Traces of utilization on a horse leg bone,
Abri Lartet, Mousterian levels (actual
size)

Incised bone, Abri Lartet, Mousterian
levels (1/3 actual size).

Utilized bone, Abri Lartet, Mousterian
levels (1/3 actual gize).

Incised bone, actual size,

Incised bone, Abri Lartet, Mousterian
levels (actual size).

Utilized bone, Abri Lartet, Mousterian

levels (actual size).

(after Duport, 1977; Debenath, 1974, Debenath &

Duport,

1971)
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Figure 6.32

Pig skeletons in Abri Lartet (photo courtesy of

H., Schwarcz),
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in addition to one laurel leaf from the Grand Porche, of a type
very rare in France, In layer 3 of Abri Paignon four tanged
points were found of the Solutrean type, one made on a white
porcelain-~like flint similar to those of Placard. At present,
it is impossible to say whether there was a br-ef Solutrean occu-
pation, or if the Magdalenean people brought the Solutrean tools
into Montgaudier, as has happened at other sites. Some of the
Solutrean pieces are shown in Figure 6.33.
6e4.44,5 Magdalenean

Because the Magdalenean was one of the first cultures found
in Montgaudier, and many of the first excavations were solely for
the purpose of finding Magdalenean art, results from these early‘
days are impossible to use. Magdalenean material has been found
in most parts of the complex, except Abri Lartet.

Found by Paignon in 1886, in the lower levels of the
Grand Porche, the exact location of which is unknown, the Baton

de €ommandement (staff of office) is engraved on one side with two

seals chasing a salmon, or possibly a whale, while the other side
is covered by two eels. Remembering that Montgaudier is about 100
km from the present seacoast (more from the coast during Magdale=-.
nean times), the find becomes very significant, perhaps explicable
by one of the following: -

1. There was a trade network which connected Montgaudier

with other peoples on the coast,
2. The Magdaleneans visited both the coasts and Montgaudier

during their nomadic rounds,



Figure 6.33

The Upper Paleolithic at Montgaudier:
1, Backed bladelet, Paignon couche 2.
2. Triangle, Paignon couche 2.
3. Burin on break, Paignon couche 3,
4, Endscraper on a blade, Paignon couche 4,
5. Endscraper-burin, Paignon couche 4.
6. Multiple dihedral burin, Paignon couche 4,

7, 15, 18, 19. Burins on truncation, retouched
obliquely, Paignon couche 4,

8. Endscraper-awl, Paignon couche 4,
9.l Noailles burin, Paignon couche 4,

10, 16, 17, Dihedral burins on the angle of break,
Pajgnon couche 4.

11, Sagaie in bone, Paignon couche 4,
12. Denticulate, Paignon couche 4,
13. Truncated piece, Paignon couche 4,

14, Retouched blade, retouched on two edges,
Paignon couche 4.

20, Distal piece of a tanged point, Paignon, top of
couche 4.

21. Fragment of laurel leaf point location unknown
22, Solutreég tanged poinF, Paignon, top of couche 4,
23, Esguillée piece, Paignon couche 4.
24, Laurel leaf fragment, Grand Porche 1966 pit.
25. Engraved horse rib, location unknown.
26. Engraved bone, Gaudry couche 2
27. Incised reindeer rib, Gaudry couche 2.
Upper Perigordian: FPaignon couche 4,
Solutrean:: loose pieces in Grand Porche, top of
Paignon couche 4.
lagdelanean: Paignon couches 2 and 3, Gaudry couche
2.

(after Duport, 1973; Debenath, 1974; Duport, 1977)
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Figure 6,34

The Baton de Commandement, Montgaudier (after

Duport 1977, 1973)
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3, It was a prize of war, or a part of a dowry, or some
such accident which brought it from the coast area.
Figure 6.34 shows both sides of the baton.

In - layer 2 Abri Paignon, the Magdalenean artefacts include
backed bladelets, triangles, an incised femur diaphysis, and burin
spalls, which indicate a Magdalenean later than the first phase,
Leyer 3, consisting of only a few blades, bladelets, and two burins
is too poor to characterize.

In the Grande Porche, the industry consists of an ivory
sagaie; (Figure 6.35), with a concial base, circular in section,
incised by a rectinlinear marking along the shaft, The point is
missing.

In the Balcony five gilant pieces were discovered under the
debris of an ancient rock fall, in series B, The length of these
pieces varies from 25 to 32 cm, averaging about 2 kg in weight (Fi-
gure 6.35), while flakes removed from them averaged 14 cm, Duport
(1976) attributes these to final Magdalenean.

In Abri Gaudry, Pintaud found several engraved and incised
bones, including a scapula of a reindeer engraved with horses and
reindeer (Figure 6,36), a pebble engraved with a Venus lacking a
head and legs (Figure 6,35).

- Wwithin Rayer 2 in Abri Paignon, two Bronze Age sepulchres
were found. This is the latest archeological material found in the

cave complex,



Figure 6.35

Magdalenean pieces from Montgaudier:
1. Ivory sagaie, Grand Porche.
2. Giant piece (24.7 mm long), Balcony.
3+ Pebble engraved with a headless, footless
Venus, Gaudry, Pintaud excavation.
4, Obverse of 3,
5. Engraving on & horse bone, Gaudry couche 2.

(after Duport, 1973, 1977).






Figure 6,36

Magdalenean engraved reindeer scapula with some
interpretations of the drawings., The crosses

are not present on the pdece, but are for orien-
tation of the interpretations (after Duport, 1973,

1977).
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6.4.,5 Human Remains at Montgaudier
Few human remains have been found in Montgaudier, none of
which are very important evolutionarily., Associated with Mousterian

facies,are a fibula, several vertebrae, and a temporal bone, the

latter found in layer 4 of the west cut in the Grand Porche., It

is prSably Neanderthal (Duport, 1977). 1In layer 3, also in the
west cut, extreme west section, Duport (1977) found a Neanderthal
mandible, With only the chin region and a few teeth remaining, it
affinities are less than certain, but it did lack a true chin (Figure
6.37). Two crania, lumbar vertebrae, and other bone fragments have
been found in layer 2 Abri Gaudry, While one cranium is almost
complete containing two teeth and lacking only the lower portion
of the maxilla, the other comprises only part of a calotte and

the back of the face., Another cranial fragment with incisions was

found in Abri Paignon layer 2, associated with Magdalerean tools.

6.4.6 Paleoenvironments

Table 6.5 shows Debenath's (1974) interpretation of the
paleocenvironments at Montgaudier. These interpretations are based
almost entirely on the sedimentological studies, aided by a few
distinctive fauna, and the one pollen study finished for the west
cut in the Grand Porche. In most cases, the industry associated
with the deposit was used to date the materiall

Because U. spalasus was found in the Grand Porche, these
sediments must be younger than the Mindel, but the interpretationn

is uncertain as to which period they really belong, The presence



Figure 6.37

The mandible from Montgaudier:
A, The mandible.
B, The west cut where it was found.
In couche 3, square E'6, an X marks its
location,

(after Duport, 1974)
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Table 6.7 % Palecenvironments at Montgaudier

Glaciation | Climate Grand | Balcony {Lartet{ Gaudry | Paignon
Porche
Holocene warm Fluvial
seds,
cold ] Series d 24
4
[}
warnm L 2B
colAd 2C 2 top
Wurm IV warm North 2 middle
cut,
cold east 2 bottom
cut
warm 3 top
cold 3 bottom
Vurm III/IV!| warm 3 4 top
cold 4 4 bottom
Wurm IIX warm 5
cold 6 5
warm 7
Wurm II/ITI cold 8 677
warm 1?7 9
cold extreme 2
west
Vurm IT . warm Moust. 2!
cold 3
Moust
W [’_? .
Wurm I/I1 foyer?
Yurm I 57
Riss/Wurm 6?
Mindel Cave
Bear
Alley
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of the arched pieces in the Balcony, associated with the Magdalenean
sagaie has been used to date the sediments in the Balcony, and the
north and east cuts of the Grande Porche as Wurm IV, while the flu-
vial sediments in the Balcony are thought to represent the initial
Holocene warming phase,

In Lartet, there is progressively more cryoclastic action
toward the top of the section. Because reindeer are abundant, : °
and a Ferrassie Mousterian is present, these are considered to be
Wurm II sediments. These, also should roughly correspond to those
in the extreme western part of the Grand Porche, which have slid
down the slope from Lartet as a block.

In Abri Gaudry, the industries have been used to date the
deposits within the period from the Warm II to the Wlrm IV, A
lack of cryoclastic debris in layer 7 and 9 supposedly corresponds
to the warmer Wirm II/III interstadial, while two cold oscillations
seen in layer 4 and 6 represent the Wurm III. Layer 3 is thought
to be a result of the Wurm III/IV, and dlayers 2 and 1 the Wurm IV,

In Abri Paignon, Upper Paleolithic material in the layers
has been dated as Wurm III and IV, by virtue of the industry. Three
cold oscillations, therefore, are attributed to the Wiirm IV,

Finally, in Cave Bear Alley, U. deningeri under the stalag-
mitic plancher can be no younger than the Mindel,

Overlooking the Tardoire (Figure 6.38), where game would
have been abundant, Montgaudier could probably house the camp of
a whole tribe, without crowding. If it were chosen as the meeting

place for the whole tribe or a multi-tribal group, religious cere-~



Figure 6.38

The River Tardoire as seen from Montgaudier.

Figure 6,39

78MG1, couche 3, Abri Lartet (photo courtesy of

H. Schwarcz)
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monies probably occurred, as happens among modern hunter-zatherer
tribes such as the Australian aborigines, This might explain the
presence of the pig skeletons in the Mousterian, which are unknown

elsewhere, and perhaps the presence of the Baton de Commandement,

6.4,7 Sample Descriptions

In 1978, the initial collection at Montgaudier was made
by H. Schwarcz, assited by Duport. In 1979, the author collected
more samples, assisted by Debénath and Duport.

In lartet, layer 2 forms a sloping pavement which is attached
to the southwest wall., Samples 79MGl3A-E were all .collected from
this calcite~cemented sand within 20 cm of each other, They were
collected to enable us to try fit different models for the relation-
ship between detrital components in the samples and the dates ob-
tained,

79MG1l4 was a large piece of speleothem lying loose in layer
4, Because of its long tapered shape it might be a stalactite,
although its internal morphology is extrmely unusual. For such
a long stalactite, the crystals are very small, and the material
very friable., It place of origin is unknown.

In Cave Bear Alley, a stalagmitic plancher covers the bones
of many cave bears. On this plancher are several stalagmites.
79MG15 is a pair of flowstone pieces which represent the whole
thickness of the plancher, but do not include any stalagnmites.

79MG1l? and 79MGl6 were both collected from layer 2, a sta-

lagmitic plancher 4n Gaudry. In the case of 7Y9MG1l6, there was no-
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thing to indicate thatthis plancher had been displaced. It rested
on red sediments, as Duport's (1977) stratigraphy suggests it should.
79MG16 was a stalagmite which had grown up from the surface of the
plancher, Internally it ressembled 78MG8. Just around the corner,
in what Duport (personal communication) was certain was also layer

2, a very porous flowstone was embedded in the sediments. Although
this sample, 79MG1l7, looks as if it could be an illuvial concretion
as suggested by Debénath (personal communication), it is comparable
in appearance to the base of the flowstone from which 79MGl6 was
collected, which is in situ.

79MG18 was collected from the edge of the pool near the
base of the stairs in the Grand Porche. Its relationship to any
stratigraphy there is uncertain but it may be equivalent to a part
of the west cut nearby,

More detailed sample descriptions are given in Table.

6.59.

Many of the subsamples analyzed from Montgaudier were
ground because these were roasted before being analyzed. HMany of
the samples analyzed from the 1978 cocllection were loose pieces
which could not be related to other subsamples with any certainty,
Descriptions of the subsamples for the 1979 sampies will be listed

with the results,

6.4,8 Results
Montgaudier is as much of a problem to date by the U/Th

method, as it is to study sedimentologically. Low yields, large



Table 659

SAMPLE LOCATION DESCRIPTION THICKNESS  DETRITUS POROSITY CRYSTALS BIOCLASTS  LAYERING COMMENTS
78MG1 L ec. 3 Yellow fst, microxtln 4 cm 30% clay 10% Spar // lam, shells clay concentrated Unsuitable for dating
sq B2 faint lam 20% carb ang X0 brecciated oolites on lam, spar
small random stromato~ edges form on lam
xtls lite?
78MG2 L ce3 White microxtln fst, broken 10% clay < 5% av, % mm [0} clay concentrated
10 cm faint lam 1 mm in transit © ang X0 random on lam
below
78MG1
sq B2
78M63 L ec. 3, Calcite cemented soil, broken 5% fspar 50% av, % mm bone - Unsuitable for dating
18 ¢m be~ reddish-~brown in transit 25% carb rd X0 random
low 78MG2 5% bone
sq B2 30% clay
78MG4 L oc. B Tan convolutely lam 4 cnm 50% clay 30% av, % mm bone sand on lam
sq A fst with stg, lam marked bigh «5% bone rd Xl random algae?

by red sand 41 mm=5 cm thick 6 cm diam 10% algae?

78MGS5 L c. 6 Very similar to 78MG4, but 4 cn - - - - -
sq BS no% as convoluted with less

sand in lam, fst with stg.

78166 L c. 6 Brown to tan fst with stg, 5 em 15% silt 5% spar, % mm x 3 - si1t on lam
sq AS finely lam, sand in lam (red) all on ang X0 mm // lanm
cont with lam

78165



SAMPLE

78MG?

78MG8

78MG9

78MG10

764611

78MG12

LOCATION

Lece 3

sq C7

Gco 2

sq Ev42?

G ce 2

sq Fr427

G e, 2

sq AV46

New hall
C. 2, BQ

Ho2

G c.47
sq E48

DESCRIPTION

Hacroxtln, grey-white
transparent fst(?),

may be from vein (?)

Yellow-tan stg (8B) around
white opaque chunk of cal-

cite(84)

White, microxtln fst,
pool dep?, large pores
between growth layers,
layers connected by tiny

columne of calcite

Curtained fst, tan

microxtln

white-tan opaque fst,

microxtln, fine lam

grey-white microxtln stg
orange lam (hiatus?) dark

brown rind

THICKNESS

broken in

transit

4=6 cm

high

4 cm

6 cm

3-6 cnm

10 cm

DETRITUS POROSITY

0% “ 5%
ang X0
84: 30% BA: 25%
clay, ang X2
8B: <5% 8B: 5%
clay ang X0

20% clay 10% ang-
around rd X1

carb (10%)

5% clay 5% ang
X0

40% clay 30% ang-

10% carb rd X1

CRYSTALS

Large, av 1 mm x
1 cm, consistent

orient

8A: av % mm polyg
random,
8B: spar, very

large, rextlz?

% mm long spar
radially out from

detrital grains

large // lam,

grain boundaries

hard to distinguish

av, 1/5 mn polyg

random

BIOCLASTS

bone

LAYERING

8B: spar edges

meet

Clay concentrated

on lam

Clay concentrated
on lam, lam have

greater porosity

COMMENTS

Relation of xtl orient

to growth unknown

‘8B grain boundaries

hard to distinguish

Too small and porous
to have a thin section

made, - f

Illuvial concretion?

Unsuitable for dating



SAMPLE LOCATION DESCRIPTION THICKNESS DETRITUS POROSITY CRYSTALS BIOCLASTS  LAYERIKNG COMMENTS

79MG13 L e.3 Brownish-grey microxtln fst  variable
sq B2 with stems, stc, sand em~

bedded in it

134 3cem 10% clay 25% ang X0 av % mm random 0 _

138 4 cm 30% clay 10% ang= av % mn polyg oolites ? _
rd, X1 random coprolites?

13C 3 em 30% clay 40% rd av % on polyg coprolites? - 10/ of pores filled
X2 random by 20 growths

13D 3 cm 25% clay 30% ang av % mm polyg bone sand on lam

5% gspar X0 . random
13E 4 en - - - - -
79Gl4% L c. &  white-tan opaque microxiln 9 cm thick <5% ? 15% ang 0.1 mm, polyg, - changes in xtl
sq F7 stg with very thin growth not tapered X0 random orient

loose in lam

soil

79MG15 Balcony tan-brown macroxtln fst with 7 cm thick <5% 7 <5% ang spar, 1/10 mn x - spar edges meet
grotto, stg with fine growth lam X0 1/5 - 1 ¢em, //lam at lam
overlies
bears

791MGl6 G ¢. 2 Honey-brown macroxtln stg 6 cm high 15% clay 5% ang av, 2 mm polyg, clay all concent-
sq D' 42 darker near outer edges, all on X0 // lam - rated on lam

white rim, finely lam lam



SAMPLE LOCATION

7NG1? G e, 2

sq ARLT?

794618 Grand
porche
c. 10
sq 7

West cut

ABBREVIATIONS:
L = Lartet
G = Gaudry
dep = deposit

o

2 secondary

¢. = couche
sq = square

lrm = laminations

DESCRIPTION

Tan microxtln fst with thin

growth lam, areas of very

porous texture

Honey-brown fst with white
growth lam, transparent,
macroxtln, near present

pool,

fst = flowstone

stg = stalagmite

ste

stalactite

ang. = angular pore
shape

rd = rounded pores

THICKNESS DETRITUS POROSITY

9 cm 10% clay 10% in

dense,
50% in
porous

parts

5 cm 5% clay & 5%

ang X0

av = average

polyg = polygonal shaped crystals

orient=orientation
rextlz = recrystallized
// lam = oriented parzllel to

growth laminations

CRYSTALS BIOCLASTS
av 1/5 mm polyg -
random

spar, 1 mm x 4 -

cm, // lam

min = mineral
diam = diameter
pl sup » plancher suparieur

xtln = crystalline

LAYERING COMMENTS

xtl orient
changes, some
clay concentrated

on lam

all clay concen~

trated on lam,

Connectedness of the Pores
X0 = unconnected

X1 = partially connected
X2 = connected

X3

X4 = a sponge-like porosity

vell connected
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amounts of detrital thorium, and ages 2 350 Ka were common, although
roasting did improve the yields in some cases. Tables 6.60 to 68,
give the dating results, while Figures 6,39 to 6.46 shows the sam-
ples, and Figure 6,47 shows the sampling localities.
6.4,8,1 Abri Lartet

Layer 2 in Abri Lartet is represented by 78MG4, which gave
low yields until it was roasted. The single date, however, is not
likely to be correct, because the correction for detrital thorium
was made wsing an initial ratio of 2.5. The uncorrected age was
greater than 350 Ka, as was the corrected age for the normal ratio
of 1.25.

In layer 3, several of the samples with excellent yields'
resulted in dates of 5350 Ka, Although the parameters appear

normal, these dates are much too old for Mousterian layers, The

+ 14,3
- 13,9

but the sample did contain detrital carbonate and bioclastic mate-

one date of 82,2 Ka may be an accurate date for this layer,

rial; Unless this date can be confirmed by another date with good

yields, this date is almost meaningless.

+ 24,5
- 21 ol‘l'

with good yields when roasted. Although one date is not suffici-

From layer 4, 79MGl4 resulted in an age of 123.5 Ka
ent to establish the age for any. layer, especially in Montgaudier,
if the age is accurafe, this level is much older than expected.

In layer 6, two determinations for 79MG6 both resuited in
dates of % 350 Ka. The high detrital thorium concentrations make

any meaningful dates on this level impossible to obtain.



Table 6,60

CURRELATION OF CATA FRCF MONTGAU 3 . 2
USTNG SAMPLTS  78MGL TCAUUIER L Co 2y
SAMOLE 4cE ERRGR YIZLCS TH=-230 TH-230 U-234 U-234)
232 TH-228 =23 Z232 U-238 10338
(kn k) U(K; (zf U-234 TH~232 u-238 ty-23810
THMG U1 - 300 2e43 - 240 - -
+ .9
7EMG =2 - Levl 3.06 - 1.0 - -
+ .2
_ ©3.% .
TEMGL=-3 193,58+ 48,21 SEe(1 1,078 1.4 733°% W553%
- 3w + L0774 + 1 + L0486 + 144
TOONUT INCLUPED IN THS AVIRAGE DATE
+  THORIUM CCPRRECTIUN USEN CALCULATED AT R = 25
Table 6,61
CORRELATION OF DATA FROM MONTGALDIER L C.
USING SAMPLES  78MGLly 78MG2, 78MG3, 78MG7, 79MG13
SAMPLE AGE ERROR YIELOS TH=23C TH-230 U-234 u-234)
U-232 TH-228 U-234 TH=-232 u-238 (U-23816
(Ka) (KA) (%) (%)
14.3
78MG1-1 82.2%+ 15.78 20470 .701 2.4 29178 .8358
13.2 + L,028 + o1 + ,025 + L028
79.9
78MG2-1 87.08¢ 4he33 7.31 L6063 8.9 1,2735 1.3u88
- 58.9 + .207 + 1440 + 174 + 304
78MG2-3 - G.00 4494 - 4.0 - -
+ 1.3
78MG2~y > 350403+ 67.46 65081 1.027 2046 1.012% -
(2 350,04) +  L,023 + .8 + 024
7TBMGT -1 2 350.0¢8+ 33.16 20,14 1elG4 1€.1 .9908 -
{2 350404} +  .062 + 1.8 +  .036
80.7
78MGT-2 190,9%+ 5.87 23.63 W846 11.4 1.013% 1.0223
- 4746 + .081 + 243 + L1083 + 0,192
T NOT INCLUDED IN THE AVERAGE DATE
+ THORIUM CORRECTION USED CALCULATED AT R = 1.25

4 RUPRESENTS THE YOUNGEST AGE POSSIBLE NOT THE LOWER ERROR LIMIT CALCULATED AT R =

———

CONCENTRATICONS
U-238 TH-232
PPM) (FPM)

- - 18
- 32
208 «35

CONCENTRATIONS

Gha e
408 o304
153 04
- 07
«27% 04
.19% .05
163 04

1.25



COFMELATION OF CATA FROF MONTLAUDTIER L Cll
USING SAHMPLES  7AMGL, 74MG2, TEFGE,y TUMGT, 79MGLS

CAMPLE AGE ERYUR YIetls TH-230 TH=234 U-2354 (U-234) CONCENTRATIONS
u-232 TH=-228 U-234 TH=-232 u-2s58 (u-23810 U-238 TH-¢32
(KA (KA) (%1 72) (PPM) (PPH)
+ 1443
7ANMGL-1 B2.21L+ ; 15.78 20.790 .701 2k 9173 «8953 4GS «34
- 13.2 +  .028 + o1 +  J025 + J(28
+ 73.93
7uMG2-1 H7.08+ 4.33 7.31 603 8.9 1.273% 1.348% «159% .04
- 53.3 +  W2u7 + 1b.o + 174 + W34
7EHG2-3 - G.C0 LRLY - el - - - .07
+ 1.3
7AMGE -y > 350.0%¢ . 6746 60.81 14027 20.6 1.012% - «27% « 04
(2 350.04) + .023 + .8 + 024
THMGT =1 2 J50.0%¢ 33.186 20414 1.40k 1e.1 «990% - «193 «05
> 359.0¢) L Y4 + 1.8 v+ L03€
+  80.7
78467 =2 198.9¢% 5.87 23,€3 «84LE 11.4 1.013% L1ed25% «16% 04
- L4745 + .081 + 2.3 + .103 ¢+ .192
749MG130-1 2 350,03+ ; 33,46 9,60 1.283 2ol 1.009% - «23% +38
(2 350.0¢) +  .081 + 2 +  .038
T OHOT INCLUNED IN THE AVERAGE DATE
¢ THORIUM CORPRCCTION USED CALCULATED AT R = 1.25%
¢ NCPRESENTS THE YOUNGEST AGE POSSIBLE NCT THE LOWER ERROR LIMIT CALCULLATED AT R = 1.25

* REPPESENTS THE OLCUEST AGE PCSSIBLE, NOT THE UPPER ERROR



Table 6062

CORPZLATION JF NATA FROM MUNTGAUDIER L Ce 4,
USTHG SAMPLES  79MGL4

SAMPLE AGE ERPOR YIELES TH-2320 TH=-¢3¢C U-234 (U-234) COMNCENTRATIONS
U-232 TH-228 U-234 TH=232 u-238 (u-23810 y-238 TH-232
{KA) (KA} (%) 17y PP M} (PPM)
+ 0.0
79MG 14 -1 .08+ 8465 5,08 E.876 12, $720% L7208 .088 .12
- 0.0 + 1.552 + 6.0 + 178+ 174
' ¢ 24,5
TaMG1L=-2 122.5%+ 4G.Bh 52,60 W 76L 4,7 1.225% 1.3155 .08% .05
- 214 + 051 + 6 t 071 + 122
T 40T INGLUDEC IN THE AVERAGE DATE
+  THORIUM GGPRECTION USED CALCULATED AT R = 1.2%
v+ REPPESENTS THE YDUNGEST AGF POSSIPALE NCT THE LOWER ERROP LIMIT CALCULATED AT R = 1.25
* REPPESENTS THE OLDE5T AGY PCSSIBLE, NOT THE UPPER ERROR
Table 6,63
COERELATION OF DATA FROM MONTGALDIER L C. &,
USING SAMPLES  73MG5, 78MGh.
SAMPLE AGE ERMOR YIELDS TH=-230 TH=-220 U-234 (U=234} CONCENTRATIONS
U-232 TH-228 u-234 TH=-232 u-239 (U=234)3§ U-238 TH-232
(Ka) (KA) (%) (%) (PPM) (PPH]
7RMGR-1 - ’ 0.00 25.41 - 2.5 - - - .06
+ .5
7TEMGH=2 - €. 00 31.73 - 2.2 - - - 04
+ .
78MGH=3 > 350.03+ 17 .48 24,05 .996 1.3 .999% - L2083 49
- 0.0+ +  .0k5 + S+ L1
7EMGR=-4 > 350,03+ 40,26 64,16 .951 2.2 L34R3 - 028 .09
- 47.64 +  .087 + .2 + .078
T ONOT INCLUPED IN THE AVEPAGE DATE
+ THORINM COPRECTTON USTN GALCULATFD AT R = 1.25
LOREPBESENTS THE YOUNGEST AGE POSSIALE NOT THE LOWEPR ERRCR LIMIT CALCULATED AT R = 1.25

+ BEPRESENTS THE OLNDEST AGE PCSSINLT, NOT THE UPPER EPROR



Tahle 664

CorMrLATTUN GF CATA FROF MONTGALNIER G Cs 2,
USTING SAMPLES 7RMGH, 78153, T8NGLUs TIMGLE, 7IMGLT

“AMPLE AGE ERROR YIELDCS TH=-230 TH-2 3¢ U-234 (U-234) CONCENTRATIONS
y-232 TH-228 U-234 TH=232 u-248 tu=-25810 U=-238 TH-232
(KA) (KAD (%) (%) (PPM) (PPM)

78mM0Aa-2 - G.00 13.66 - 443 - - - 04
+ 1.4

+ 19.7

7erGsAL-1 172.0% 21.71 9.29 811 218 .4 1.112% 141723 1.75% .02
- 16.8 + L4386 + 242.7 + 016 + « 015
t 3.9 )

73MGEDR -1 39.9 ¢ 39,32 57443 380 4.7 1.151 1.119 «13 o0k
- 3.8 + J016 + ol + 039 + W02

7TAMGI-1 2 350.08+ 8.80 21478 «9€Q 11.1 9927 - 233 «0E
- trerEy +  L054 + 1ets +  L050

7HMG9-2 2 350408 37.78 36.93 1.155 59.0 «985% - «24% «01
(> 350.04) + 059 + 35.4 + o047

78M6G9-3 > 355.08¢ 33,05 41,26 1.048 21.2 1.041% - «23% oGl
(2 353.04) + J0€6 + 53 + 060
+ 13.3

79MG16-1 29.6 11.72 8.28 236 2 100G.0 1.u20 1,119 .13 Ue00
- 9.2 +  L0e8 O .106 G605
v 28,1

7TaML16-2 L7ets + i 2415 487 « 370 2140 « 985 1.12¢ «15 .01
- 208.2 + .1u5 t d0.9 + .2h48 t L0116
+ 164

TMG16+~3 2204 [RYE] 11.23 147 > luuval «B8061 1.113 27 0.00
- 16.3 + £ 115 o+ 500 + L0008
(> 350.0¢) )

75M617=-2 164.B% 44,72 1.78 +796 92.3 1.075% 1.16938 lete78 «Cte
- 41.6 +  L1G7 + T79.8 + «d14
v 1.106 1.119 14

AVERAGE 3F.8 18 . .

Y €3 - 7.1 + «078 + 087
$ HOT INCLUDED IN THE AVERAGE DATE
+ THORIUM CURKECTION USED CALCULATED AT R = 1.25
b OREPRESENTS THE YUUNGEST AGE PUSSICLE NOY THE LOWER ERRCR LIMIT CALCULATEN AT R = 1.25

t REPRESENTS THC OLDEST AGE PCSSIBLE, NOT THE UPPER ERROR

T OMHIS IS A COMBINATICH DATE CERIVED FROM COMEINING THE U AND TH DATA FRCM TWO DIFFERENT
SUBSAMPLFS, AND AS SUCH, SHOLLD BE REGARDED AS QUESTIOHABLEL AT E£EST.



CORKILAT i ATA FROM MONTGAUDIER G C. b,
USING SAMPLE aMG1e2
SAMPLE AGE ERROR YIELDS TH=-2306 TH-233 U-234 {U=-2341) CONCENTRATIONS
u-232 TH-228 U-234 TH=-232 u-238 (U=258) 4 U-238 TH-2382
(KA) (KAa) (V4] (98] (PPM) (PPH)
. + 202.6
TErMG12-1 160.2% 13.11 3.35 777 414 1.096% 1.055% 243 02
- 6B8.1 v .202 + 162.9 + W 037 + L 056
TAMG12-2 2 35040 + 3024 12465 1.320 19.8 1.0080 - .16 W03
= 30439 + «0E5 + 446 + +048
(2 350.0¢)
TAMG12-2 R 281.1 ¢ 30.29 12,€5 «939 19. 1.061 1.073 17 .03
- 661 +  .059 + 4eb + W50
7TBHGL2+3 2 350.03¢ 27.61 8.610 1.039 18.2 1-8658 - «18% «03
- 285.9+ + L0834 + "Be2 ¢+ .055 )
+ 30490 .
TEML 124 215.,8 + Ube7h 59. 85 +879 17.1 1.042 1.065 21 «03
- 23.8 + 031 + 2.0 + 034 + W01t
+ 33.0
AVERAGES 24544 1.035 1.097 .18
- 33.4 +  W041 +  .092

T NOT INCLUDED IN THE AVERAGE DATE
+ THORIUM CORRECTION USED CALCULATED AT R = 1.25
v REPRESENTS THE YOUNGEST AGE POSSTHBLE NOT THE LOWER ERRCR LIMIT CALGULATED AT R = 1.25



Table 6,66

CORMELATION OF DATA FROM MONTGAUDIER NEW HALL
USING SAMPLES 78M61L
SAMPLE AGE ERROR YIELDS TH-230 TH-230 U=-234 (U=-234} CONCENTRATIONS
U~232 TH-228 U-234 TH=232 u=-238 (u-238)0 u-238 TH-232
(KA) (KA) (%) (Z) (PPH) (FPM)
73145111 - Gel0 42 .85 - 18.2 - - - «03
+ 3.0
¢ 48.1
T8MG11-2 212.1 3616 37,44 .855 28.2 905 «9367 «lu .01
- 33.1 + L0580 + 12.1 + <048 + 0106
73MG11-3 - 0.00 8,42 - 8.5 - - - «06
+ 1.7
+ 137.9
TaMG11=4 22C.8 + 11.92 31.84 « 890 6.0 1.391 «306 22 a11
- 66.8 + 082 + .8 + .118 +  W027
78MG11~5 2 350.0 + 13.54 30.03 1.099 7.3 «969 - .17 .08
(2 350.034) + 081 + «8 +  J067
78MG11-6 2 350.0 + 26.02 54, E1 98y 6.6 1.045 - <14 Q7
- 26773 + J0%6 + 6 +  .058
+ 39.7 ’
AVERAGES 289.7 «982 <904 14
- 489.3 L + 116
$ NOT INCLUDED IN THE AVERAGE DATE
¢ THORIUM CORRECTICN USED CALCULATED AT R = 1.25
¢ REPRESENTS THE YOUNGEST AGE POSSIBLE NOY THE LOWER ERROR LIMIT CALCULATEZD AT R = 1.25

+  REPRESINTS THE OLDEST AGE PGCSSIBLEs NOT THE UPPER ERROR



'rﬂl)le 6.637
CoMRrLATION _OF PATA FNCM MONTGALDIER GRCTTC,
USING SAMPLES  79MG1LS
SAMPLE AGE ERROR YIeLDs
=232 TH-228
{KA) (Ka) (%) t%Z)
) {2 350,ut)
THMGL5-1 29€.2 S3.40 59.49
- Ih.6
+ 139.3
749M46G15=-2 165,354 2411 1.89
- £5.4
+ 11.0
79M0G1%-3 1246,2 12,65 21.18
- 12,9
43,2
AVERAGES 2524 )
- 23.6
¥FONOT INCLUDBED IN THE AVIRAGE DATE

¢ THGRIUM CORRECTION US-) CALCULATED AT R =
THE YOUGEST PUSSTICLE
THE CLOEST AGE PCSSICLE

b e PPCSENTS AGE

t REPIRESENTS

Table 6,68
Crupw LATION OF CATA FRGM MONTGALODIER, GP
UsSInGg SAMPLES 7TIMGLE
CAMpLE AGE CRROR YTELDS
U=-232 TH-228
(KA} (KA (%) (9]
v+ 11.4
TIHMGLBA-1 BE.1 + 15.79 28.6€9
- 1li.t
+ 9.7 .
75188~ 78.4 ¢ 9.1 244,10 58 .69
« 10.4
AVERAGES Bae3
- 4.8
P N0T THOLUDEC TN THIZ AVERAGE DATE
¢ THORTUM CARPECTION USED CALCULATED AT R =

T

1

+

H=-230 TH=230 U-234

U-234 TH-232 U-238

94y 4244 1.012

. 027 + 4l + .018
«775 5.8 «977%

«10b + 1.4 + 0c7

£7C0 2 10800.U 1.111

« 030 + L0327

1.03¢

+ 020

25

TH~-2230 TH=230 U-234
~234 TH-232 u-238
592 1041 1.125
639 + 2e3 + «072
e5h1 19.6 1.285
+ 038 + 48 + .087
1.222
+  Lu81

1.25

+

+

(U-233)0

HGT THE LOWER ERRGR LIMIT CALCULATED A7
NOT THE UPPER ERROK

+

U=23u}

1.073

R =

U-234)

1.278
011y

CONCENTRATIONS

U=238 TH=232
(PP M) (PPM)
.65 .05
1.07% 43
W73 0.00

+ €6
1425
CONCENTRATIONS
U-2328 TH-232
(PPM) (PPH)
oGl +G0
.01 20U
oGl



Figure 6,40

78MG4, couche 2, Abri Lartet, Montgaudier,
as seen from both sides (photo courtesy of

H. Schwarcz).






Figure 6.41

Couche 6, Abri Lartet, Montgaudier:
A, 78MGS
B, 78MG6
C. The sloping pavement forming couche 6.
D. The trench in which samples 78MGl through
78MG7, and 78MG13A-E were-collected.

(photos courtesy of H, Schwarcz).
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Figure 6.42

78MG11, New Hall, Abri Gaudry, Montgaudier

(photos courtesy of H, Schwarcz),.

Figure 6.43

78M4Gl2, couche 4, Abri Gaudry, Montgaudier
(pheto courtesy of H, Schwarcz).






Figure 6.44

79MGl4, couche 4, Abri Lartet, Montgaudier.

Figure 6.45

79MG15, stalagmitic plancher, Cave Bear Alley,

the Balcony, Montgaudier.






Figure 6.46

Couche 2, Abri Gaudry, Montgaudier:
A. 79MG16
B, 79MG17
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Figure 6.47

Sample locations within Montgaudier (adapted

from Débénath, 1974).
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6.4,8.2 Abri Gaudry

In Abri Gaudry, Magdalenian layers sandwich a plancher,
layer 2, from which five samples were collected, 78MG8, 78MG9, ~ -
7811G10, 79MGl6, and 79MGl7, 1Ignoring the date for 78MGBA, which
is an allochthonous eboulis encrusted by 78MG8B, all the dates
agree well, averaging 36,8 : ;:g Ka, certainly somewhat older than
the Wurm IV age expected for the Magdalenian. Although the youn-
gest of the ages listed is the least certain because of the poor
yields, the agreement of the four ages makes the date fairly re-
liable. The extremely high uranium concentrations for 78MG8A and
79MG17 suggest that 79MGl7 contains redissol®ved calcite equiva~-
lent in age to that of 78MG8A (172.0 : ig:g Ka). The date for 79MG17
corroborates this hypothesis.,

78MGl2, from layer 4, is significantly older than the ex-
pected age for a. post—Aurignacian. .~ deposit, Ignoring the dates
with poor yields, the average age if 245.4 : ;g:z Ka, As these
fragments of speleothem embedded in the layer could not be traced
to a source, they may have spalled off the roof, in which case,
the age would be valid.
6.4.,8,3 New Hall

The tiny room opened by Duport in 1978 referred to as the
New Hall contained a stalagmite 1 m tall, from the base of which
was collected 78MGll. Dates for this sample range from 212 to
2 350 Ka, Because all the parameters are consistent, it is diffi-

cult to decide what the true age should be, but the average date

7 350.0 . ‘
289.7 :’ 89,3 Ka spans the entire range of the individual dates,
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Therefore, the average date may be considered correct. Although
Duport (persoanl communication) feels that the deposits in the New
Hall should be equivalent to layer 2 in Abri Gaudry, such is obvi-
ously not the case., This date, however, does correspond to that
of 78MG12 in layer 4.
6.4.,8.4 Cave Bear Alley

7T9MG1lS resulted in two radically different ages for samples
which are equivalent., The yields for both are'good, while none of
the parameters se~ms to be unusual., At present, there is no way
to decide which age is correct, Therefore, the cave bears under-
neath, U, deningeri are still undated.
6.4.8,5 The Grand Porche

In the Grand Porche near the stairs which lead to the Bal-
cony is a small pool which fills with water when the water table
is high. 1In it was a stalagmitic plancher which may correspond
to that seen in the west cut nearby, shown in Figure 6,47, between
couches 5 and 7. Although the two dates represent the top and
bottom, there is no significant difference in the ages tfor which

+ 10'. T

the average is 80.9 _ 9.8 Ka, confirming Debénath's (1974) belief

that the sequence is an early Wiurm I deposit.

6.4.9 Conclusions

The chronology of Montgaudier, as a whole, is largely unre-
solved. The few dates, mostly unconfirmed or problematic, do 1lit-
tle to answer the questions which exist regarding the site,

During the Mindel or Mindel/Riss, roof deposition and sta-
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lagmite deposition occurred in both Abri Gaudry and the New Hall,
averaging 245 and 290 Ka respectively. The large uncertainty in
the latter average would allow these deposits.to have been contem-
poraneous, They may also be contemporaneous with deposition of
the stalagmitic plancher in Cave Bear Alley.

Two unconfirmed dates for stalagmitic deposition in Lartet
are 82 Ka for layer 2 and 123 Ka for layer 4. If these dates are
confirmed, then the sequence of Mousterian layers almost compietely
predates the Wirm I glacial. These dates would explain the increa-
sing intensity of the cryoturbation in this section - ward as being
a result of the cooling trend at the beginning of the Wurm I, The
great abundence of reindeer, however, is unusual for a Wurm I depo—
sit, Therefore, until the dates can be confirmed, the question is
unanswered,

Deposition 6f stalagmite in the Grand Porche occurred at
80 Ka, near the end of the Riss/Wiurm, Although the relationship
is uncertain, this may represent stalagmites comparable to those
in the west cut. If this is true, it also implies that the Mous-
terian culture at Montgaudier is older than was previously thought,
predating the beginning of the Wirm I,

Although the Magdalenian has been well dated elsewhere by

lhb, the dates obtained here are not consistent with that estimate.

140 dates suggest that the Magdalenian should have exis-

While the
ted between 17 and 12 Ka (Smith, 1964), the U/Th dates for layer
2 in Abri Gaudry, suggest that deposition of that layer occurred

at approxinately 37 Ka. Yet, there is nothing to suggest that the



39.

plancher was not in situ, A possible resolution to this conflict
is that the lower culture has been incorrectly identified. Insuf-
ficient details for this industry, however, have been published to
testithis hypothesis. Pollen studies for this layer have shown

a warm oscillation in between two celd periods., Deposition of the

stalagmitic plancher probably corresponds to the warm oscillation.,
6.5 Conclusions

Except for a period of stalagmitic deposition 80 Ka, and
one at 38 Ka, Montgaudier appears to have experienced no stalag-
mitic deposition in common with Lachaise. In Lachaise, each major
warm period was marked by - stalagmitic deposition in at least
one part of the cave, Montgaudier, on the other hand seecms to have
been very dry throughout much of its history., The deposition of
speleothem at approximately 250 Ka may correspond to that of layer
53! in Lachaise, but until the date of the latter is confirmed, this
is uncertain,

The Charente, however, appears to have experienced warmer
wetter conditions during the periods 150 Ka, 120 to 70 Ka, 50 io
35 Ka, 20 Ka, and 10 Ka, The last three correspond to well dated
interstadials, the Wirm I/II and Wurm III/IV, and the Holocene
initial warming respectively,

Mousterian cultures in the Charente predate the Wirm I,
having evolved about 125 Ka BP, while the Neanderthals must have
appeared in Europe prior to 150 Ka BP, This surprising because

the Neanderthals are usually thought to have evolved at the same
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time as the Mousterian industries first appear, the development

of the new industry being contingent upon the increased brain capa-
city of the new hominids, Clearly, however, the Neanderthals were
quite content with the Acheulian industries for several thousand

years before they modified their tool culture,



7
THE SITES IN THE DORDOGNE

Along the Dordogne River in southwestern France are located
some of the most famous of the Paleoclithic sites, as shown in Figure
7.1. Throughout the upper Pleistocene, hominids inhkabited the local
caves sscsonally, leaving behind artefacts which today revresent
some of the most studied cultural remains, and some of the more
controversial., Loczted along the Dordogne are $wo caves and one
abri which have been dated by the U/Th method, Pech de 1'4z&, Abri
Vaufrey and Grotte Treize (also known as Grotte de 1'Eglise). Vhile
the first has been extensively studied by Bordes, the second is |
only partially complete, with no faunal or pollen analyses yei com-
pleted. Both of these contain henminid cultural remains, but the

third seems to have only served as a home for the cave bears,
7.1 Geography

The French devazrtment of the Dordogne can be divided into
several geogzraphically distinct regions, Bordering the river near
Bergerac are the Landzis, a rolling region of alluvial plains and
more elevated areas of Quaternary and Tertiary sediments, and the
Bergeragois, an area of plateaus and small buttes with slight urndu-~
lations in its Tertiary rocks, Further east, the Pays de Belvés
et de Saint-ilvAre is 2 heavily eroded karst region in the chalky
Campeznian calcites. The bluffs formed in this region by the river's

395



Figure .1

The Perigord, France.

Caves and srcheological sites in the region:
1., Abri Vaufrey
2. Grotte Treize
3. Le Flageolet
4, La Mouthe
5. Font-de-Gaun
6., Combarelles
7. Grotte de Grand Roc
8. Laugerie, lower site
9. Laugerie, upper site

10, Carpe-Dien

12. La Roque St. Christophe
13, Le Moustier

14, Lascaux

15, Combe-Grenal

16, Pech-de-1'Aze

17, Caminade

PO
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ersion can be seen especially well at les Cingles de Limeuil et

de Trémolat. 1In the extreme east, the Périgord Noir or le Sarla-
dais is a region of hills and valleys surrounded by cliffs, parti-
cularly noticeable near Beynac and les Eyzies, as shown in Figure
Te2.

Tre entire region is dominated by the Dordogne River, an
armoured allogenic river, and its tributary, the Véz¥re. Diciduous
and grassland species form the natural vegetation, which has been: .
extensively removed for agriculture, especially in the’river valley.
Corn, tobacco, graves, hay, and mixed cash crops are the major crops
along with cattle, goats (razisecd mainly for cheese), and sheep.
Rainfall averages 79 cm very little of which falls as snow. Hintef
tenmperatures seldom div below OOC, while summer temperatures average

25°C.
7.2 Geology

Within the southern Dordogne, most of the exposed strata
consist of limestones of upper Mesozoic zge, covered locally by
red ferruginous clastics of the Tertiary and R{uaternary (see Figure
743).

The fault system seen in the Charente (Chavter 6.2) continues
into the western Dordogne trending NW-SE, with one major fault pas-
sing through St. Cyprien., From this major fault, a profusion
of minor faults trend pervendicularly away from the main fault,
forming weakenesses along which many small caves, ineluding Abri

Vaufrey, have fornmed.



Figure 7,2

The escarpments of the Dordogne:
A, Cliffs formed in the Jurassic limestones,
along the Céou River south of Beynac.
B. The Upper Cecnician (Cretaceous) cliffs,

along the Vézdre 1 km east of les Eyzies
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. Along the axis of the St, Cyprien fault, Upper Jurassic
strata are exposedas awindow within the surrounding Cretaceous
south of Beynac, These Upper Jurassic beds are formed of Callovian-
Oxfordian reefs surrounded by massive lower Kimmeridgian limestones
overlain by friable marls of the upper Kimmeridgian and fine-grained
Portlandian limestones. At the end of the Jurassic, the seas co-
vering Europe withdrew allowing karstic erosion to attack the Ju-
rassic strata. This erosion ended with a local Cretacsous immersion,

The upper Cretaceous strata, which are the uppermost units
in the stratigraphic column over half of the Perigord, consist of
a transgressive bituminous shale overlain by massive limestones
and marls of the Cenomanian, overlain by Turonian crystalline lime-
stones with rudists and ocoliths, followed by the Coniacian glauco-
nitic marls. The upper Coniacian bioclastic limestones form the
cliffs along the Vezere near les Eyzieé (Figure 7.2B). The San-
tonian and Campanian microcrystalline glauconitic limestones with
some interbedded shales,underly the final Cretaceous strata, the
Maestrichtian yellow limestones (Laville, 1975).

When the Cretaceous seas retreated to the west, the Peri-
gord was a_alin subject to karstic ercsion in the Tertiary.‘ Origi-
nating in the HMassif Central to the north, iron-rich Siderolithic
sands and clays vere deposited in the Dordogne Valley. At the be-
ginning of the Locene, the Pyrenees orogeny ended following which
the Perigord Sand was deposited as a paft of the clastic wedge.

The final result of this history is a group of interculated Upper
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Mesozoic beds of compact, resistant, massive limestones and karsti-
cally eroded, porous,soft marls and bioclastic linzestones in which

caves and zbris abound.
7.3 Pech de 1'Azé

Pech de 1'Azé, a complex of caves and abris known since
the nineteenth century, has been extensively studied by Frangois
Bordes. 1In addiition to a child's gkull, the sites contain several
Yousterian cultural layers, a few Acheulian layers, and travertine
deposits within its many stratigraphic levels, which have been
raleociimatologically analyzed in minute detail. A4ll of the data

which follows regarding the history, sedimentology, paleoclimates

and archeology is taken from Bordes (1972, 1976) and Laville (1975).

7.3.1 The History of Excavation

Pech de 1'Azé has been known to the locals in the Dordogne
having been partially leveled in order to be used as a sheep pen
in medieval {imes. Probably many of the deposits in Pech I were
destroyed then., In 1816 and 1818, Frangois Jouannet described the
cave a5 being of the greatest antiquity. In 1828, Abbé fudierne
described the interior of Pech I indluding the cenented bone brec-
cias on the walls, Edouard Lartet and H. Christy found flints in
1864, which they thought wers comparable to those in Combe-Grenal
and le loustier,

In 19C6, the first prover excavation at Pech I was dug by

by Louis Capitan and Denis Peyrony. In addition to finding an ar-
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cheological layer, they found z Heanderthal child's skull. Subse-
quently, the 1906 collection was lost. In 1929-30, Professor Ray-
mond Vaufrey (for whom Abri Vaufrey was named) excavated at Pech I,
publishing a preliminary report on the work in 1933. Finally, in
1948-53, Bordes excavated both Pech I and II, the latter of which
had not been disturbed, and returned in 1967-09 with several spe-
cialists, H, Laville (sedimentology), F. Prat (paleontology), and

M.=1. Paquereau (palynology). Excavation at Pech IV began recently.

7.3.2 General Description

Located abeout 5 km east Qf Sarlat (see Figure 7.1), on the
raod from Sarlat to Gourdon, Pech de 1%'Azé Cave is located in the
Coniacian (Cretaceous) strata of the Sarladais region. The south
flank of the hill in which the cave is located is a dry valley which
joins a #wibutary of the Dordogne. About 50 m above the valley floor
are the openings to the main cave: Fech I, the more southerly, opens
to the southeast, while Pech 11 faces southwest. Some 20 m north
of Pech II, a small grotto, Pech III, opens to the southwest. This
cave may be a diverticule of the wain cave, Finally, Pech IV is
located 100 metres smouth of Pech I. Figure 7.4 shows the main

cave openings, Fech I and II,

7¢3e3 Stratigraphy

Pech III was filled by the backdirt from the 1953 excava-
tions, while the sedimentology of Pech IV has not been conpleted,
Therefore, the sedimentology of Pech I and II only can be given in

"~

detajl, Figure 7.5 shows the stratigraphy of Pech IV.



Figure 7.3

Geology of

L

=

the Dordogne:

Juarternary
(alluvial terraces: muds, silts, and
sands)

Tertiary
(lacustrine or marine: liriestiones
and molasses)

Tertiary
(continental: muds, sands, and gravels)

Upper Cretaceous
(limestones, silty limestones)

Upper dJurassic
(oolitic limestones, silty limestones,
marls, biogenic limestones

Middle Jurassic
(limestones)

Lower Jurassic (Liszsic
sil

)
(marls, limestones, tstones)

Permo~Triassic
(shales, siltstones)

Silurian or unmetamorphosed crystalline
rocks

HMetamorphic rocks
(gneiss, schist, nmyloites)

Granites

(2dapted from Laville, 1975)
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Fizure 7.4

FPlan view of Pech de 1'Aze I and II

(after Laville, 1975)



20m

10




Figure 7.5

The stratigraphy in Pech de 1'Aze I¥:
A. The top portion of the cut
B, To the right of A. HNote the difference in
colour of the two adjacent sections. The
darker one has weathered for one winter.
C, Directly velow A,

(rhoto courtesy of H.P. Schwarcz)
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7.3.3.1 Pech de 11428 I
The stratigraphy of Pech I, as can be seen in Figure 7.6,
15 complex, with a portion of the sediments having apparently
slumped, perhaps due to solufluction, or the formztion of a sink
beneath the southern part of the cut. The strata are, from
tog:
1, Light yellow sand with small éboulis at the top;
sterile but stratified.
2. Pavement of flat limestone slabs, perhaps natural,
perhaps man-made.
3, Yellow sand with lenses of ashesy; Mousterian of
Acheulian Tradition 4,
4, Black ashes from 1 to 25 c¢m thick hearths somewhat con-
solidated by calcite concretions directly covered
by large éboulis; Mousterian of Acheulian Tradition A
found only behind & wall of calcite blocks about 1 n
high,
5. DSboulis mixed with yellow sand; some bones and tools
Mousterian of Acheulian Tradition A-B transitional
A, Reddish soil, perhaps water-laid; bones and Mousterian
of Acheulian Tradition; found only in the southern
part of the. cut,.
6. (also B) Ash layer with hearths, and snall &boulis;
Housterian of Acheulian Tradition B,
7. (also C) Evboulis from roof collapse with traces of

fire; tousterian of Acheulian Tradition B‘%innﬂ, and



Pigure 7.6

The stratigraphic section in Pech de 1tAz8 T -

A, The cut along AA'(noted in 7.5B)

B, A plan of the excavations
Dotted: Vaufrey'!s excavations
Cross~hatched: Bordes' excavtions
AA': The line of the section
d: Cave wall
R: Rocky ridge continuing the cave wall
X: Spot with manyhandax flakes

(after Bordes, 1972)
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bones.

8. Modern soil with tools in secondary positions.,

Above the Mousterian levels in the back of the cave are
16 levels of silty sands with numerous éboulis and a few tools of
apparently Mousterian of Acheulian tradition, '

Also within Pech I are two suspended breccias, shown in
Figure 7.6, which contain both travertine and tools. Both breccias
are calcite cemented yellow unweathered sand with no traces of fire
nor internal bedding indicators (Bordes, 1972). Breccia 1, the closer
to the entrance (see Figure 7.4), may be comparable to layer 4B
in Pech II, while Breccia 2 may be equivalent to 4C2., Both breccias
along with the two isolated blocks of breccia analyzed,contained.
topls and‘bones and some pollen,
7.3%};é"'?;ch de 1'Azé II

The detailed stratigraphy of Pech II is given in Table 7.1
alonngith the palynology, faunal analysis, archeology, and paleo-
climatic interpretation. Figure 7.7 shows both the section in de-

tail and the overwview of Pech II.

7e3e3.3 Pech de 1'Aze IV
The stratigraphy in Pech IV has not yet completely described.
What is known follows, from‘the top:
Al. Vegetation, roots, with one flint, pottery (Iron Age?).
A2. Sterile brown sand with éboulis.
B, C. Sterile brown sand with t£;ces of Mousterian.
D, E. Red sand with eboulis

F. Rich in éboulis, subdivided infto four sublayers, Mous-



Figure 7,7

Pech de 1%Az& I:
A. The stratigraphic section
B. The opening to Pech II

(courtesy of H. Schwarcz)
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2B

2C

2D

2F

261

4al

4A2

4B

THICHNIN:

0.25

0.15

0.30

“o.25

.10

C.10

Table 7.1l

13

m

£}

0.3 n

C.10n

0,10 m

C.10m

s
"F GC"

Wure 1

Wirm I

Wirz 1

Wirn 1

Wirn 1

Wirz I

Wirm 1

Wire I

The Strata of Pech II: Sedimentology,

Archeology, Palynology, And Faunal Analysis

CLIHATT

Warrer ana more humid than in 2D

Warmer and more humid than in 2D

in 2D

Warmer and more huzmid than

Climetic minimum: cold and dry

Colder and drier than 2F

Colder and drier than 2G

Temzerate but damp

Climatic minimum: cold

YWarmer and damper than in 3

Cold and danp at first,
beconing drier upward

Becoming colder ugpward,
danmp

Climatic optimun

t1ld and fairly humid

SEDIEIRITOLOGY

Red sand

Yelliow sana with limestone
frugnents

Yellow send with limestone
fracments

Yeilow sand with limestone
fragrents

Yellow sandy clay with
rare limestone frapments .

Yellow so0ils with numerous
sharn-edned limestone frag-

menis

Yellow clay-like sand with
zmall limestone fragments

Yellow s50il with scattered
limestone frignments

Yellow s0il with numerous
N e P
small rounded ebouiils

Yellow soil with numerous
small 2roulis

Lisht brown sandy clay

Reddish brwon sandy clay with
rere licmestone fragsents, solu-
flucted

Peddish brown sandy clay with
rare lizes‘ona fr::ments

fediish brown sandy clay



Too goor to
deteraine

Red deer*
Red deer*
Red deer®

Too noor to
determine

Reindeer*®
bovids

Too poor to
datermine

Rod deer, roe deer,
wild boar, reindcer,
ibex

L]
1

ied deer, roe deer
wild bozr, coze
reindeer,

ded d2er}y hovids$
reindeer®

Wild boari red deer?
nore reindeer, ibex
than 4Al

As in 442 but with
mo.e reindeer

Wild boar, ibex, red
leer, reindser, hyena,
cave bear

Red deer (59/23%), hor
(29/247), vovids (7/12),
ibex, roe dcaer, reinceer,
badger, wolf, erck's
rhinocerous

Stepric srasres,
na deciduous

trees

Grasses,
125 trees

Grasses,
107 trees

:, ferns,

Hazel, czk, alder,
SO trees

Mousterian (-uizna ?)
<3 arcefacts

Mousterian (Juina ?)
<2 artefacic

tousterian (3

57 arteractis

Zuina Mousterian

“ousterian

nz toustcriun

=1 louscterian
artefacts

Typicul lousterian
179 artefacts

Denticulate lousterian
€,039 artefeacts
Lots <f traces of fire



4D

O

78

7C

o2}
o4
P

0

Table 7.1 (continued)

0-0,0% n Wurm I
0.,85-C,10 Wirn 1
o
0,20 n “urn I
0.75 m Wira I
0.70 Riss II{

C-U.3 m Ziss I1
0,4=0.6 © Riss II
0,1-C.2 m Jiss II
C.,i0 m Rise
I/11
(start)
C. G = kiss I
C.1% = Riss I
5,20 = Yindel-
REiss (?

CLINaTE SEDININTOLOGY

Mild Red s0il

filternation of red clay-like sands

Hild but variable
with brown clay

= i il with angula imesto

Warmer and damper than 5 { Tellow soil with 1n<u¥ur limes ne.
fragments, uprer ortion cryoturb:ted

s0il with rounded limestone

Large limestcone blocks fron debris fal?
4

Cold and humi t seasona
o an umid but seasonal 2ad roof collspse

beconing warmer and drier up-
ward

n i sandy i
Very csld and dey, eathered red sandy soil

drier a2t top

Colder and drier than in 7 Heathered reddist sandy soil with
fragments of sta actites, calcareous
fboulis

Warmer than in 7B but ver) humid Yellowi sandy s5ilt with sbundent

ferrucinous frarmants

Cold but humid ‘ellow sandy silt with abundent
‘erruginous frazments

i bit warmer than in 7B, humid Yellow sandy silt with sore
ferrusincus frarzzents,
cryoturt.ied

— s s
Weruer and more humid than 8B2 Reddish brown silt with rare
. R k ora

etoulis

Cold kut humid Reddish brown sarndy silt with

abundent &boulis

Cold &nd dry
° v Lizht -“rown sand with roundad

8boulis, often culcite cemented,
heavily disturgzd by cryoturh-tion
§/or running water

Inrossible to deternine Rocky =i ad



FAUNA--

Sterile

Red deer (?3/?)ﬁ horses
(10772, bovids (3/?),
roe decr, chamois, fox,
rabbit, wolves

r.d deer} horses,
rhinocerous,
1 reindeer bone

Rabbity
Lovids,
chamois,

Almost sterile

Almost sterile

As in 7

Hersest red deerj roe
deer; ibex badger,
wolves

boits,

Red deer’ roe deer’ bovids?
boar, horses, weclves, hob-
cat, ilerck's rhinccerocus,
fox, rabbit, cave bear
(Deninzeri srelseuns)

Red deer$ roe deer$ horses?
povids, cave tear, boar,
iierck's rhinucerous,
panther

Ryvena
hyena,

Red deer§ bovids$ horses?
roe deer, irmitive cave
bear, Jerc4«'s rainocerous,
wolves, badger, rubbits

As in 3Bl

% roe deer,
isisnt elk),
ruboit,

,
rhinccerous, 1

ele-

terck's
phant bLone (ille:

sterile

(adapted from Bordes, 1872;

Bl
Stepric grasses

5 antiquus?)

Undeter=ined

Fine, willow, bhirch,
slder, hazel,
trees rise te 43% upward

Pine, sone zlder,
hicher in the laye
5=107 trees

with
some pire

with

reirie grisees, sone
T rseel, birch,
alder, willow, 107 trees

srasses, hazel,
, willow, beech,
rare elu, oak, linuen

Fine, hazel, willow,
birch, firs, scruce,
cecar, vrzirie grasses

zel,

Frasses

Fine, juniper, some
birch, rare hizel,
spruce, balsam, grasces,
12 trees

Junicer, bireh,

rrasezs, 50 trees
Stevnric ces, few
rines, < %7 trees
rcorcdi
nlrchzic flora"

Laville,

1 Mousterian
2,638 artefacts
Much evidence of

fire

Tycicel Foustcrian ?
Levcllois_technigue

cresent

Almost sterile

&lmost sterile

icheulian (2)
very poor

()
very few flukes,
some Levallois technicue

Ackeulian (3outhersn
167 artefucts

icheulion (Scutrnern 7)
321 artelacts

3
7

1 ensruveu bone

4s in 8B1

.

bevil

icheulian (At
230 artefacts

Sterile

1973)
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terian of Acheulian Tradition.

Beneath layer - F4 was a gully which probably was formed in the

Wurm I/I1. °

7.3.4

G, Mousterian artefacts.,

He Sand with Mousterian artefacts.

Il, Sand with Typical Mousterian artefacts,
I2, Sand rich in Eboulis with Typical Mousterian artefacts.
Jl. Reddish-brown sand with largé éboulis, Mousterian,

J2. Rounded éboulis, cryoturbated. Mousterian (Typical?).
J3a., Red porous:isand with rare éboulis,lAsinipodian.

J3b, As in J3a, but more grey.

J3c, As in J3a, but grey in colour.

K. Large &boulis,

.X. Dark brown sand with Typical Mousterian artefacts.

Y. Red sand with Typical Mousterian artefacts,
Zl1., Sand with Pypical Mousterian artefacts,
22, Granules. .

W. Limestone basement. -

Archeology

As noted above the archeology for Pech II is summarized

in Table 7.1, but will be discussed in wmore detail below. For

Pech IV, no final results have been published.

703.4.1

Pech de 1'Azé I

As noted above, layer . 1 and 2 were sterile. Layer 3

is essentially the same as layer # which is described in detail



zrently found just under the vporch of Feche I nezr the wall.
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sitional liousterian~Upper Pzleolithic, while the Acheulian which
Peyrony claived lay btelow the level with the skull could be layer
L, tiousterian of Acheulian Tradition., The fauna Peyrony describes,
however, seems nore similar to Pech 1II, esvecially layer 2, but
unlike anything in Pech I. A fluorine test shows the skull to

be about ten times ricller in fluorine than the bones in layers-

s in

ot

5 through 7. Therefore, the skull may be from other deposi

Pech I which have not survived since 19C9,

7.3;6 Palecenvironments

Because it is an abri, Pech de 1'4zé was constantly chane
ging during the deposition of the sediments. As discussed before,
an abri gradually extends <further into the cliff, but simultane-

ously, the roof will collanse, resulting in a wedge of deposits

7«1, Pech II appears to contain deposits whicn are older than any

.

found in Pech I. VWhile the former sediments are relatively date

“re at

froa the late liindel/

iR
i

Xiss (or early Rics I) until the
latter aocparently are the result of devosition in the Yurn 11,

though none of the layers contain many faunal remains, excepting
reindeer. Pollen studies of layers & and 5 show both to have been

deposited in a cold climate, The breccias, however, seem to have



The history of Pech de 1'Azé I

A,

o2

nd¢ II:

)

ATter the Riss/Wurm, a soil developed on

top of the Riss deposits (1).

After the Wurm I, Wurm I sediments (2)

are deposited over the interglacial soil.
Water entering the cave via oyerhead cracks’

in the Wurm I/II removes most of the Pech I
sediments, except the breccias, Some sediments
in Fech II are partially renmoved, or disturbed,
as are the sediments in the rassage connecting
the two caves,

By the end of the Wurm II, new Wurm II sedi-

ments (3) have been devosited in Pech I.

(after Bordes, 1972)






Table 7.29 Sample Descriptions from Pech de 1'Aze

SAVFLE . LOCATION DESCRIFTION THICKNESS  DETRITUS POROSITY  CRYSTALS BIOCLASTS LAYERING COMMI'NTS

77PAL P 1V, Calcite~-cemented brown sand 4 cm - - - Bone - No dates attempted,

helow A with flints, charcoal, bone

77PA2 P 1v, Fragments of stg crust, fell - - - - - -
moved into site from where?
77FA 3 P IV Bone [ragments No dates possible.
7TPAL P I, Oparue orangy-white microxtln 5-6 cm variable variable wvariable - More clay, sand
outer fst with red sand lam, much 10-40% 5-30¢% b mm - % em on lam, xtls
breccia  loose material clay ang X0 polyg, random smaller on lam
10% sand
77FAS  same as  White opaque fst with sand 5 ¢cm 10% clay 40% ang apar, k x 2 mm, - Lam have more
PAG on lam 5% sand X1 // lam clay, pores
77PA6  same as  Transparent macroxtln white 2 cm - - - - -
PAG fst, pool deposit
T7PA7 FI, White translucent macroxtln ? - - - - -
inner fst (stg boss), very thinly loose
breccia lam, 2 or 3 growth hiati pieces
77FA8  same as  White-yellow transparent 6 cm - - - - -
PAT7 macroxtln f£st (stg boss) with

orange lam



SANTLE

?77PA9

77PAL0

T7PALl

77MA12
r

77PAL3

77PALLA

77PA14B

LOCATION D#SCRIPTION

P I, base Orangy-white transparent

inner macroxtln fst with red silt

breccia lam

P I, top Orange-white microxtln

inner fst with orange silt lam

breccia

PI, White transparent macroxltn

inner stg with faint lam

breccia?

P II, B2 White opaque macroxtln ste?

block in with red sand in pockets

c. 4D no lam visible

P II, c. Orangy-beige microxtln fst

3 between calcite cemented
sand (orange), fst has 2 or 3
lam, some bone at bottom

P 11, Bl Orange-white microxtln fst

block in with orange silt lam 2 mm

c. 47 apart

same as Grey microxtln fst with con~-

PA1&4A voluted lam and vugs of red

silt

THICKNESS DETRITUS
8 cm -
5 cm 40-50%
clay
30% carb
4 cm -
broken 40% clay
3 em??
2 pieces  35% sand
0.5, 2.5 cm
2 cn 10% clay
5cm 25-30%
clay &
silt

POROSITY

30% ang

X0

10% ang
X0

20%' ang
X0; in
sand 75%
X3

40% ang

X1

50% ang
X4

CRYSTALS

up to 2 cm

long spars

% om polyg

random

1/10 mm polyg

random

% mm polyg
random, some (5%)

spar // lam

% mm polyg

random

1/10 mm polyg

random

BIOCLASTS

bone

LAYERING COMMENTS

More clay on Unsuitable for dating.
lam, less carb

eboulis on lam

Clay concen=-

trated on lan

More clay and

pores on lam

More clay and

pores on lanm

More clay and

pores on lam



SAMPLE  LOCATION

77PAL4C sams as

PAL4A

7?7PAL4D same as

PAL4A

77PAl5 P II,
c, 8 (?)

77PAl6 P II, c.
6 (7)

16A fst

16B fst

DRSCRIPTION

Chalky white fst with

faint lam

Brown microxtlin fst

with 2 lam full of red silt

Orange-white microxtln fst

with thin lam, porous

White macroxtln fst
convoluted, faintly lam,
surrounded by calcite-

cemented red sand

16L&B cemented sand

77pPA17 P II,

c67?

?7PAL8  same as

PAY?

Orange~brown f£st with

thin lam

same as PAL7

THICKNESS

8 cm

24 cm

1-1,5 cm

fst: 4-6
cm; sand:

av 10 cm

1.5 cm

DETRITUS

10% clay

& sand

10% clay

& sand

5% clay

30% sand
(qtz &
carb)
107 clay
50% qtz

5% carb

POROSITY

variable X2

10-30% ang

25% ang
X0

5% ang
X0

25% ang
X0

high

CRYSTALS BIOCLASTS

% om - 1 mm, -

random, polyg

% mm polyg, -
random

spar, % om x -
1 mm, // lanm

spar, % mm x -
1 am // lam

LAYERING

Porosity grea-

ter on lam

More detritus

pores on lam

Clay concen~-
trated on lam
Detritus con-
centrated on

lam

COMMENTS

Too little to date

Too little to dute



SAMPLE  LOCATION

78PA19 P II, ¢,
8 (?)

78pr20 P 11, c.

ABBERYLATIONS:

P = Pech

dep = deposit
2" = secondary
¢, = couche
$1 = square

lim = laminations

DESCRIPTION THICKNESS DETRITUS POROSITY
White-tan microxtln fst with 6 cn 0 . 15% ang
thin lsm, some silt on lam Xo
White opaque microxtln fst 4 cm 5% 20% ang
with yellow sand lam X1

fst = flowstone av = averagze
stg = stalagmite polyg = polygonal shaped crystals
stc = stalactite orient=orientation

enge. = engular pore rextlz = recrystallized
shape
// lam = oriented parazllel to

rd = rounded pores growth laminations

CRYSTALS BIOCLASTS
% mm polyg -
random

% mm polyg -
random

min = mineral
diam = diameter
Pl sup w plancher supSrieur

xtln = crystalline

LAYERING COMMELTS

Slightly smal-

ler xtls on lam

Greater poroe-

sity on lam

Connncteiness of the Pores
X0 = unconnected

X1 = partially connected
X2 = connected

X3 = woll connected

X4 = a sponge-like porosity



Figure 7.14

77P4)l, calcite cemented sand in the Wurm
layers in Pech de 1'Aze IV (photo courtesy

of H., Schwarcz)
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Figure 7.15

The outer breccia mass, Pech de 11428 I:

A,

D,

The breccia mass (I) suspended from
the roof,

Detail of the mass.,

The cavity from which 77PA4, and 77PAS5
come,

More detail of the cavity.

(photos courtesy of H. Schwarcz)
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Figure 7.16

The inner breccia mass, Pech de 1'Aze I.
A, 77PA9, a flowstone layer in the mass.
B, The denser-looking mass is the boss
from which 77PA7, 77PA8, and 77PAll
came, 77PAl0 came from the surrounding
dirtier material,

(photos courtesy of H, Schwarcé)
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Figure 7,17

Couches 3 and 4, Pech de 1'Azé II, site of
77PA12 and 77PAl13 (photo courtesy of H,

Schwarcz).
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Figure 7.18

77PAl4, couche 4, Pech de 1'4zé II:
A, Close-up of the sample in situ,
B, Relative positions of all the subsamples,

(photos courtesy of H. Schwarcz)
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Figure 7.19

?7PA15, couche 9, Pech de 1'Aze II:
The actual location of the sample was around
the corner from the picture (photo courtesy of

He. Schwarecz).
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Figure 7.20

77PALG,

D.

Pech de 1'Azé II:

Location of 77PA6 in couche 6.
The section,

The sample as it appearred before
shipping.

Obverse of C,

(photos courtesy of H, Schwarcz)
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in Tables 7.2 through 7.8. Both are Mousterian of Acheulian Tradi-
tion A, In both layers A and 5, the industry is the transienal
form between lMousterian of Acheulian Tradition types & and B.
Layers 5 through 7 show an evolution of the tradition, as the Le-
vallois technique becomes less important, but the incidence of blades
increases, a pattern which occurs at the Mousterian-Upper Paleolithic
boundary. Concomitant with this change is an increase in the num-
bers of characteristic Upper Paleolithic tool types, and backed
knives, some of which are proto~Chatelperron types (early Perigor-
dian types). Figure 7.8 shows some of the tools found in Pech I.
The breccias contain what appears to be Denticulate Mous=-
terian, but none contain sufficient toocls to be certain.  Found on
top of Breccia 1, one burin represents the only Upper Paleolithic
in Pech I,
7.3.4.2 Pech de 1'Azé II
Layer 10 in Pech II is sterile, butlayer - 9 contains an
Acheulian industry of 330 pieces, Of these, 113 were retouched
tools, including endscrapers, borers, burins, backed knives, notched
piecas, denticulates, sidescrapers, and handaxes., Table 7.10
listed the pertinent indices. Layer8 as a whole contained 560
artefacts (228 tools), As an industry, layer 8 is similar to
layer 9, a middle fcheulian, Found near the top of layer 3, an
engraved bone, shown in Figure 7.9, represents the oldest known
engraving., All other engreved bones are at the oldest Upper Paleo-
lithic.

Layer 7 can be divided into 3 sublayers, the bottom of which



Figure 7.8

Tools from Pech I (after Bordes, 1972)
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Figure

Worked

A,

B.

(after

7.9

bones from Pech de 1l'Azée II:

An engraved bone from an Acheulian
level, one of the earliest engraved
Eones ever found (couche 8).

A piereced bone from couche 44, a
rare piece in a Mousterian level.,

Bordes, 1972)






Figure 7.10

Tools from Pech II, Mousterian of Achuelian

Tradition A






Figure 7.11

Tools from Pech II, Mgusterian of Acheulian

Tradition B (after Bordes, 1972)






Trble 9,2  Tool Typolasy, Couche 4, Table 7.2 (continund)

Pech de 1'Aze 1

Tool iuzber Total fastricted
.. rercentage Fercenizge
Tool . Nunber Totul' Restricted
Percentage Percentage
2l, Jidescraper, asymuetrical 37 0,2 1.5
1. Tooiest bevallels floke 36 0.9 22, Sidescraper, transverse 7 0.2 0.3
2o ftrricul Levallois flake 135 3.4 straight
: . oy - - 5
3. Levellois point 5 0.1 23. Sidescrazer, transverse convex 18 0.5 0.7
1t des rOnIVErT 2 . 0,
. Tetouched Levallois point 0 0 0 24, Sidescraper, trunsverze concave 2 0.1 V.1
5. Prendo-Levnllois point 37 0.9 1.5 25, Sldescrapar, :zs:ﬂg?e:u:?azze 154 7+2 6.1
&s Foustsrian voint 20 0.5 - 0.8 26, Sidescraper, with abrupt 22 0.6 0.9
7. Elongated ilousterian point 3 0.1 0.1 retouch
' Sides 5 1w othi i3 .
B. Liutse 1 0.0 0.0 27. Sidescraver, with thin bac 6 0.2 0,2
9. Sidescrnper, single streight 142 3.6 5.6 26, 5idescrarer, bifacizl retouch 27 0,7 1.1
I o e BEH a 3 2
10, Sidescreper, single convex 257 6.6 10.2 2. Sidescruper, ;2:;,2?”“"“ * 1.k 2.2
11, Jideser:rer, single concave 61 1.6 2.4 30, Tyrical endscraper i e 33 0.5 1.3
- [
12, 3Sidescra:ier, double straight 8 0.2 0.3 31, Mypical endscraper 32 0.8 1.2
17+ 3idescraper, double straight 23 0,6 0,9 Moy eon : ~
conven 32, Typical burin . 20 0.5 0.8
. - A v 3 5
14, idescrzier, double straight 1 0,0 0,0 e Atypical burin 38 1.0 Lo
concave 34, Typical borer 23 0.6 0.9
15, Sidescraner, double biconvez 23 0.6 0.9 35, Atypical borer 33 0.8 1.3
1%, Jidescraper, double biconcave 2 0,1 0,1 36, Typical backed knife 15 0,4 0,6
17, sidescraper, double convex 8 0,2 0.3 37. Atypical becied knife 28 0.7 1.1
concave
. : . y backed knif . Co3,
13, 3irdescraper, converzent straisht g 0.2 0.2 38. Maturally backed knife 92 2.3 3.7
n.  lous an raclett .5
12, Gidescraper, convergeni convex 30 0.8 1,2 3. lousterian raclotte 163 b2 6.5
27, iisececrzver, convergent concave @ 0 (0] 40, Truncated piece 48 .2 1.5
41, lousterian tranchet 6 0,2 0,2

42, ilotched pieces 264 6.7 1V.5



Table 7.2 (continund)

Tool Mizber Totnl lestricied " Table

Piec 2oy nel
Purcentase Tercentage 7.3 e Typo; 57y Couche 4,

Fach de 1'Aze I

43, Denticulzte 459 L 11,7 18,2
Piece Humb Tarcantag
44, Bec burinante alterne 39 1.0 1.5 ilumber ercanta;
45, Flake, retouchzd on the 102 2.6 o Flakes
’ ventral surface * . 3522
' , Blades 314
46, iiiscellaneons retouched flale, ]
abrurt thick retfouch Points 49
s ’ 2 .2 )
47, hiscellaneous retouch<d flake, 127 3 ) Primmed flakes 24805
zltornzte taick retouch
' Tools )
43, 1lliscellaneous r-touched flzke, 2518
abrunt thin retouch Dises .
973 24.8
49, Miscellaneous retcuchad flake, Polyhedra 0
alternate thin retouch
. Huclei 275
%0, Flake, bifacizl retouch _ 22 0.6
! Debris _ f
51, Tayac point 19 0.5 0.8 ‘ 3262
Yammerstones 0
52, lotched triangle 21 0.5 0.8
lHiscellaneous (pigments
%3, Fseudo=-nicroburin 4 0.1 - 0.2 pigments) 276
Palette 1
54, TFlake, notched end 32 0.8 1.2
. Total 35100
5%, Cleavers 10 0,3 Colt .
Table 7,4 Raw l'aterials; y
56, Rabot (plane) 0 0 0 7. 9’*“' » Coucke &4
57, Aterian tansed point o] .0 0 Haterial Lunber
53, Tangjed piece 1 0.0 0.0
Flint
50, Choppar 0 0 0 33777
Quartz
60, Inverse chopper 0 0 0 ¢ 725
Basalt
61, Chopring tool 1 0.0 0,0 234
N Cobbles
62. niscellancous piece 184 4,7 73 ’ 34
Othor ¢ ‘
63. Blattspiizen 0 0 0 Red ochre 23
64, Bifucial foliate 1 0.0 0.0 ) Yellow ochre 4
NnO2 249
-
Total 3918 999 9945 Bone (utilized) 4

(2018)



Table 7.5

Share

Discoidal
Globular
Frisnetic

Irregulsr

Levillols flake

Lovalloisz

Lavellois point

Ceiris
liiszellzneous
tyramidal

Tahle

Non-Levollois
sitooth

1414

=3
-
o
a
o

rointcz 0

Blad

3
o

222
Totuls

blede

luelei Forn, Couche &,

Pech de 1'Aze 1

Bumber

79
33
4
5?7
18
co
1
o
80

3

Pech de 1'Aze I

Facetted
615
2
ok
6411

Dihedral

692
27
64

Broken
2297
1

192

7.6 ' Characteristic Techniques, Couche 4,

Displaced

261
0
16

Table 7.7

Levallois

Convex

463
8
43

3mooth

Flakes ' 64

Points 1
Blades 23
Total:

Characteristic Tezhniques, Couche 4,

Pach de 1'Aze I

Facetted Dihedral Proken  Dizplaced
103 4o 108 16

4 3 0 «

48 6 58 8

589

Convex

Taole n.g Techaical and Typological Indices and Characteristic

.

Tadex :

Grours, Couche &4, Pech de.l'Aze I

Total Restricted
Lavallois 3.1
Facotting 5735
Restricted Facetting v * 36,97
Blade (liuellar) 1;,32
yponlogicul Levallois 4.5 0
S5idescraper (Group IT) 22.6 35,3
Total Acheulian
Unifzecial Acheulian 1.1 1.7
;Eifaciul
" Charentien
Quina
Sroup I: tools # 1 - 4 4,5 0
Croup III: tools #IBO - 37, 40 1.9 10,7
Group IV: denticulates 11.7 18,2
Handax 3.8 5.8



Table 7,9 Technical and Typological Indices and Characterist:

Grours, Couche A, Pech de 1%'Az% I

Index

Levallois
Facetting
Restricted Facetting

Blade (lamellar)

Aypological Levallois
Sidescraper (Group II)
Total Acheulian
Unifazcial Acheulian
Bifacial

Charentien

Quina

Group I: tools # 1 = 4
Group III: tools # 30 = 37, 40

Group IV: denticulates

Total Restricted

13.5
Skl
27.0

13,1

Table 7,10 Technical and Typological Indices and Characteristic

Groups, Couche 9, Pech de 1'Azé II

Index

Levallois
Facetting
Restricted PFacetting

Blade (laumellar)

Aypological Levallois
Sidescraper (Group II)}
Total Acheulian
Unifacial Acheulizn
Bifacial

Charentien

Quina

Handax
Group I: tools # 1 - &

Total Restricted

345
3545

?

?
9.1

?

Group III: tools # 30 - 37, 40 27.0

Group IV: denticulates

?



430

is an Acheulian with 321 artefacts (Table 7.11), of which 116 are
retouched tools, Layer. 7A contains only a few flakes, hut sone
of these show lLevallois technique suggestive of the Housterian,
while layer 7B contains 167 artefacts (€2 tools), including some
sidescrapers, denticulates, and notched pieces, but few Upper
Paleolithic types, prepared on flakes 407 of which are Levallois
type, again szuggesiive of the Housterian. Layer 6 appears simi-
lar to 73, but contains very few tools, while layer X is sterile,

eral different types of hearths can be found in the Acheu=-

[0
)
<

lian strata. Hear the front of the cave are small elementary hearths
with thin ash layers indicating the fires were of short duraticn;
Aearths paved by flat czlcite blocks probably were used repeatedly.
These hearths, which average 1 m2 in size, are also found deever
within the cave zs are the dug-out hearths. Dugout hearths are known in
the Upver Paleolithic, but these represent the earliest, averaging

20 to 30 cm across the 'thannel, Dugout hearths are associated

with hyer7b where the possible technological shift also occurs.

Both layers 4D and 5 are almost sterile, except for a few
scazttered pieces, and some badly crucshed pieces in layer 4D, the
cryoturbzted portion. Layer 4C2, however, contains 2638 artefacts
Tyﬁical tiousterian assemblage (Table 7.,12). Figure

revresenting a
7.10 shows some of the tools Trom .layer 4C2, including a very un-
usual cormvosite burin-endscraper, rare for the lousterian, Layer
4C1 where present is sterile. In lsyer 4B, 6039 artefacts were

fornd belonzing to a Denticulate llousterian (Table 7.13). In 442

only 337 artefi.cts were found, while in layer 44l 179 were found.



Table 7.1l Technical and Typological Indices and Characte:

Grours, Couche 7c, Pech de 11428 11

Index

Levallois
Facctting
Restricted Facetting

Blade (lamellar)

Aypological Levallois-
Sideseraper (Group II)
Total Acheulian
Unifecial Acheulian
Bifacial

Charentien.

Quina

Group I: tools # 1 - 4

Group III: tools # 30 -~ 37, 40

Group IV: denticulates

. Total Restricted

8.5
34,5
?

?

22.4
6.5

Table 7412 Technical and Typological Indices and Characterisztic

Groups, Couche 4C2, Pech de 1'Azé II

Index

Levallois
Facetting
Restricted Facetting

Blade (lamellar)

Aypological Levallois
Sidescraper (Group II)
Total Acheulian
Unifacial Acheulian
Bifacial

Charentien

Quina

Group I: tools # 1 - &

Group III: tools # 30 = 37, 40

Group IV: denticulates

Total

9.5
50.8
335

6.0

9+3
13,1

Restricted

10.2

37.8



Table 7«12 Technical and Typological Indices and Characteris Table 7.14 Technical and Tyrological Indices and Characierictice

Crours, Couche 4B, Pech de 1'Azé II Grours, Couche 3, Pech de 1'Aze II ‘

Index Total Restricted Index Total Restricted i
Levallois 9.4 Levallois 29.1 i
Facctiing 43,9 Facetting 73.6
Zestiricted Facetting 24,0 Restricted Facetting 64,6
Blade (lamellar) 9.4 Blade (lamellar) 93 "
Aypological Levallois 12.5 Aypological Levallois 23,5
3ideseraper (Group II) 14,5 Sidescraper (Group II) 29,1

Total Acheulian ?

Total Acheulian ?

Unifzcial Acheulian ? Unifacial Acheulian ? {

Bifacial . ? Bifacial ? '

Charentien ? Charentien ? .

Quina 0.8 Quina o

Group I: tools # 1 = & ? Group I: tools # 1 - &4 ? '
Group III: tools # 30 = 37, 40 649 Group III: +tools # 30 = 37, 40 18,2 “
roup IV: denticulates 40,3 Group IV: denticulates ? ;
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Both ascenmbtlages annear to be Typiczl ilousterian, as iz that of
layer 3, represented by 1281 artefacts (Table 7.14), and one
riece of red ochre. Of a2ll the sublevels in layer 2, only couche
2G1-2 contains more than =0 artefacts, Layer 2 may be a Zuina
MNousterian, but inszufficient tools are »resent to be ceftéin.

It is curious that the Denticulate Housterian devposits
of 4B are found nezr the —outh while those of the Typical oucterian

in 4C2 are found deeper inzide. 4ls0 notad in several of the layers

for some unknown purpose. Found the composite layer &A (441-2),
a bone from an animal the size of 2 red desr nas been bored, sone-

rarely seen in lMousterian cultures.

" - . Layer Z contained 3851 artefacts of which 271 were tools,
frbm a Typical Mousterian industry, as was layer Y with 1756 arte-
facts (214 tools). 1Imn layer X, 13,703 artefacts were found (857
tools), also from a Typical Mousterian. .

In layer J3, J3c conféined 3330 artefacts {222 tools),
J3b 9674 (S41), and J3a 9548 (601). All of these have been attri-
buted by Bordes (1976) to a local variation not seen previously,
because of the large numbef of naturally backed knives, the presence
of Kombewa flakes, the smali size of many of the flakes, and the
small number of sidescrapers, and points. Unlike the Micromousterian
which is simply a small vercion of the Mousterian constrained by the
size of the flint nodules, this is a purposefully small industry.

Bordes (1976) calls it the Asinipodian (Latin for Pech de 1'Azé).



pological Indices and Characteristic Table 7Te16 Tochnical and Typological Inéices und Chasncteristic

mahle Te15 Technical and Ty

2 )
Grouns, Couche Fls Pech de 1'Azé IV Grours, Couche F2, Pech de 1tAze IV

Index Total  Restricted Index Total 2evtricted
Levallois Selt Levallois Selt
Tacctiing 3649 Facetting 37,2
Restricted Facetting 21.3 Restricted Facetting 21,9
Blade (lanellar) 5e2 Blade (lauzellar) 5.8
Aypologpical Levallois 18.4 Aypological Levallois 19.9
Sidescraper (Group II) ? Sidescraper (Group II) 5.9
Totzl Acheulizn 9.9 Total Acheulian 10.0
Unifzcial Ackeulian 8.5 Unifscial Acheulizn 7.3
Bifaciel 1k Bifacial 2.7
Charentien ? Charentien ?
Quina ? Quina ?
Group I: tools /# 1 -4 18,0 Group I: tools # 1 = & 19.9
Group I11: tools # 30 = 37, 40 17.0 Group II1I: +tools # 30 - 37, 40 15.1

roup IV: denticulates 2le3 roup IV: denticulates 224



Table g,19 Technical and Typological Indices and Characteristic Table 7,18 Technical and Typological Indices and Characteristic

I

Grours, Couche F3, Pech de 1l'Aze 1V Groups, Couche P4, Pech de 1'Azé IV
Index Total  Restricted Index Totzl Restricted
Levallois 8.9 Levallois , 9.3
Facctting 41.7 Facctting 8.5
Restricted Facetting T o262 Restricted Facetting 27.6
Blade (lauellar) 6.9 Blade (lamellar) 5.8
Aypological Levallois 27.4 Aypological Levallois . 24,8
Sidescraper (Group II) ? : Sidescraper (Group IT) 25,6
Totzl Acheulian 6.2 Total Acheulian ‘2.6
Unifecial Acheulian 4ol Unifacial Acheulian 1.2
Bifacial 2.1 Bifacial 1.4
Charentien ? i Charentien ?
Quina ? Quina ?
Group I: tools ;1 - & 274 Group I: tools # 1 = & 24,8
Group IIT: tools # 30 = 37, 40 6.4 Group III: tools # 30 ~ 37, 40 6.5

Group IV: denticulutes 4.8 Group IV: denticulates 24,3



Table 79,19 Technical and Typolozical Indices and Characterictic Table 7,20 Technical and Typological Indices and Charucteriztic

Grouss, Couche I1, Pech de 1'AZe IV : Grours, Couche 12, Pech de 1'Azé IV
Index Total  Restricted Index Total Restricied
Levallois 15.9 Levallois 25,5
Facctting 70,8 Facctting 56.3
Zestricted Facetting 65.4 Restricted Facetting 49,6
Blade (lamellar) 11,2 Blade (lamellar) 17.1
Ayvological Levallois ? Aypological Levallois 45,4
3idescraper (Group II) 69.4 Sidescraper (Group II) 52,6
Totzl Acheulian 0 Total Acheulian 0
Unifzcial Acheulian o Unifacial Acheulian 4 o]
Bifacizal 0 Bifacial 0
Charentien ? : Charentien B ?
Quina ? Quina ?
Group I: tools # 1 - & ? Group I: tools # 1 - 4 45,4
Group IIT: tools # 30 = 37, 40 ? Group III: tools # 30 = 37, 40 5,0
Group IV: denticulates 2.8 Group IV: denticulates 4,3



Table 7.22 Technical and Typological Indices and Characteristic

Crouss, Couche J3a, Pech de 1'Azé IV

Index

levallois
Facctting
Restricted Facetting

Blade (laumellar)

Aypological Levallois
Sidescraper (Group II)
Total Acheulien
Unifzcial Acheulian
Bifacizal

Charentien

Quina

Group I: tools # 1 - &
Group III: tools # 30 - 37, 40

roup IY: denticuli:ies

Total

23,5
5645
50.0

6.4

Restricted

73.0
14,7
0.1
0.1

73.0
4.9
13.7

Table 7.21 Technical and Typological Indices

Groups, Couche J3, Pech de 1'AZe IV

Index

Levallois
Facetting
Restricted Facetting

Blade (lamellar)

Aypological Levallois
Sidescraper (Group II)
Total Acheulian
Unifacial Acheulian
Bifacial

Charentien

Quina

Group I: tools # 1 = &
Group II1: tools # 30 = 37, 40

Group IV: denticulates

Total Reztricted

2543
564
48.4
a7
66.6
27.7
?
?
?
?
?
66.6
?

14,5

znd Characteristic



Table 7,23 Technical and Typological Indices and Charscteriztic Table 7,24 Technical and Tysological Indices ind Charncteriustic

Grours, Couche J3B, Pech de 1'Azé IV Grours, Couche J3¢, Pech de 1'Azé IV
Index Total Restricted Index Total Reutricted
Levallois 23,2 Levallois 21,0
Tacctting 53,9 Facetting 61.2
Restricted Facetting 47,2 Restricted Facotting 52,1
Blade (lamellar) ‘3,8 Blade (lamellar) ko2
Aypological Lavallois 68.7 Aypological Levallois 57.2
Sidescraper (Group II) 9.9 Sidescraper (Group II) 12,7
Totzl Acheulizn 2.6 Total Acheulian 0.5
Unifacial Acheulizn . 2.1 Unifecial Acheulian 045
Bifacial 0.5 Bifacial o
Charentien ? Charentien ‘ ?
Quina ? ’ Quina ?
Group I: tools /1 - &4 68,7 Group I: tools # 1 - & 57.2
Group III: tools # 30 = 37, 40 8,2 Group III: tools # 30 = 37, 40 12.8

Group IV: denticulates 14,4 Group IV: denticulates 16.4



Tadble 7425 Technical and Tysological Indices and Charucteristic

Grours, Couche X, Pech de 1'Azs IV

Index

Levallois
acetting
Restricted Facetiing

Blade (lanellar)

Aypolozical Levallois
Sidescrager (Group II)
Total Acheulizn
Unifzcial Acheulian
Bifacizl

Charentien

Quira

Group I: tools ¥ 1 - &4

Group IIT: tools # 30 - 37, 40

Group IV: denticulates

Total Reztricted

15.5

54,1

46,5
7.0

38.6
LN

0.5

0.5

38.6
10.5
9.2

Table 7.26 Technical and Tyrpolozical Indices and Charucteristic

Groups, Couche ¥, Pech de 1'Aze I®

Index

Levallois
Facetting
Restricted Facetting

Blade (lamellar)

Ayvological Levallois
Sidescraper (Group II)
Total Acheulian
Unifscial Acheulizn
Bifacial

Charentien

Quina

Group I: tools # 1 - &

Group III: tools # 30 - 37, 40

Group IV: denticulates

Total Restricted

17.2
51.5
41,8

7.3

39.8
30.3

39.8
13.5
12,4



Table 7,27 Technical and Typolozgical Indices and Characteristic

Grouns, Couche Z, Pech de 1'Az; Iv

Index

Levallois
Facctting
Restricted Facetting

Blade (lamellar)

Aypological Levallois
Sidescraper (Group II)
Totzal Acheulian
Unifacial Acheulian
Bifacial

Charentien

Quina

Group I: tools # 1 - &

Group III: tools # 30 - 37, 40

Group IV: denticulates

Total Restricted

16.6
5640
4.8

9.6

35.1
48.4

35.1
7.9
8.7

Mt —oN
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The very top of layer . J3a, is called J3, but it is a Typical Mous-
terian, keyer Jl and J2 were too poor to characterize, except as
Mousterian, “Layer I2, one of the richest with 1,010 tools among
10,890 artefacts, also contained scme Kombewa flakes, but is still
considered to be a Typical Mousterian. Layer 11 is also a Typical
HMousterian represented by 1074 artefacts (116 tools). Both layer
G and H were too poor to describe in any detail, although both were
Mousterian,

Containing 22,698 artefacts of which 953 were tools, layer
F4 represents a Mousterian of Acheulian Tradition A, while F3 (3540
artefacts, 252 tools)is an intermediate form between A and B, which
is found in -layer ; F1 (5297; 356) and F2 (3259; 215).

Layers A through E were too poor to describe, Tables
7415 through 727 list the perﬁinent indiées for the layers in

Pech IV, Figures 7.11 and 7.12 shows some of artefacts,

In 1S09, Capitan and Peyrony found a young child's skull,

FaJR

. . . . I o &
Althoush definitely Heanderthal, some of the Ieaturesz appezr o

'
']

_e wore modern, but not wnduly so for any Feanderthal chi

-

de The
skull was found under 3 m of limestone blocks in an arcirological
la7er 1 = thick, 10 cm from the topn, surrounded by iLones and teeth
frow bovids, horses, rs=d deer, goat, and reindeer, in adaditien to

an "Upver loustsrian Tradition® according to Cawlion and Peyrong



Table 7.30

COFRULATION OF DATA FROM PECH TV,
USTHNG SAMPLFS TPALy 77iAZs 77PA3
SAMPLE AGE ERROR YIELCS TH=220 TH=230 U-23u (3-234)  CCNCENTRATIONS
U-232 TH-228 U-234 TH-232 u-238 (U=238)0 U=-238 TH-232
(KA) (KA) (%) (%) (PP} (PPM)
+ BB A
77PA2-1 21.7%¢ 3.24 31.19 421 1.8 1.4321% 1.453% .c68 .06
- 21.7 +.216 o+ 2+ 14023 0+ 1.226
t  NOT INCLUDED IN THE AVERAGE DATE
¢ THOPTUM CORRECTION USED CALCULATED AT R = 1.25
s OEPTESTMTS THE YOUMREST AGE POSSIGLE NCT THE LOWER ERROR LIMIT CALCULATED AT R = 1.25
+ OFPPESENTS THE OLODEST AGE PCSSIRLE, NOT THE UPPLR EFROP
Tﬂl)le '7031
COMPELATION OF DATA ERCM PEGH [ OUTER BRECCIA
CO%ING SAMPLES -TTPAL, 77PA5, 77PA6
CcaroLE AGE ERROR YIELCS TH-230 TH-¢30 u-2su (U-234)  CONCENTRATIONS
------ --- T U-232  TH-228 U-234 TH=232 u-238 (u=2s5810 U-238 TH-23¢
(KA (KA) %3] (7 (FPM)  (PPM}
770084~ - Ga0U 5.09 - 4.8 - - - « 02
t * + 6.6
+ 9,3 . .
PAG- 37.28+ 6.30 19.26 346 6.l 2.795% 2.206% .(5% .02
77 ! 2 g3 ¢ 036 ¢+ 3.2 o+ L4156 ¢ .Qw?
77PAG=3 99.6 1998 20,56  25.95 .639 2 1000.0 2.087 2,435 WUb Cotd
: - 16.8 + .078 ¢ U351+ L097
77RAR-1 36.5%8 t7.0 3,22 59.29 $317 11.8 1.152¢% 2.204% .13% .01
k ‘ - 15.4 v 1ye ¢ TZu o+ TL4d8 o+ 073
+ 19,3 ~
: 3 2.387 2.435 WO
AVERAGES 39.0 o, , 2:980 2433
¢ HOT INCLUDED IM THE AVEPAGE DATE
s TUNRTIUM GOPRECTION USCD GALTULATED AT R = 1.25
4 W TEGUNTT THE YOUNGEST AGE POSSICLE NGT THE LOWER FERROR LIMIT CALCULATED AT P = 1.25

* SepRTGTNTS THE OQLNLAT AGE PCISTRIF . NOT THF UPPITR FEROP



Table 7032

CORRCLATION OF CATA FROM PECH [

B8R
Uit aMPLES  7TPAT, PTPAB, 7TPA9, I7F 77PA11
SAMPLE AGE ERROR YIELDS TH-236 TH-230 u-234 (U~234)  CONCENTRATIONS
""" - U-232 TH-228 y-234 TH-232 u-238 (U-233)0 U=238 TH=232
(KA} {KA) (%) (% (PPRY  (PPRY
77PAL0 -2 - 3.00 65.25 - 1.0 - - - .50
+ .
77PAT-1 - 0,00 40436 - 846 - - - .01
+ 3.0
TTPAT -2 - G.C0 2.99 - 443 - - - .05
y 335
"TPAT-3 - 6.60 3.02 - 0.5 - - - W02
+ 93.9
+ B6.1 ] B .
"7PA8-3 108.3 18.56 5.09 L6482 100040 14306 1.305 .10 3.00
- 42.0 + 183 +  .083 + 074
+ 24.8
r7PALL-2 105.8 + 15.88  13.98 .668 10.8 1.281 1,343 .69 .02
- 2244 + 2062 ¢ Ba9 +  .094. + 031
7TPALL1-3 > 350.0% 7.58  71.83 .966 37.0 .89735 - T .01
- 2.0 + 2123 ¢ 141+ 135
o213 _ ,
7TrAA-1 128.4 + 235.86 51.99 .726 23.6 1.248 1.325 .09 W01
- 18.5 + L0564 o« TBYG e Tlici o+ TluZw
¢ 598 31 29.87 770 8.8 1177 1.33 69 03
A 1L - 6. 1. . . . . . 334 . .
77PALL =1 1365 ¢ 1 RS 4 R £ SRS 4 QR+
+oseed 27.93  32.81 760 104 1.274 1.329 05 01
9= . . - . . . . * .
78PA9-1 1369 ¢ 7 . cT80 il 1.274 0 1329
- - . . - - 1.165 - .18 -
77PAG-2 60.99 0.00 N .125
v 3446 :
: . 1.225 1.371 .12
AVERAGES  128.7 , 10235 1.3t

§ HOT IHNCLUNEOD IN THE AVERAGE DATE
v THORIUM CORRECTION USED CALCULATED AT R = 1.28



Table 7433

CURRFLATION CF CATA FRCM PECH Iy C.

UTING SAMPLES 77PALLA-D

SAMPLE AGE ERROR YIELCS

U-232 TH-228
{KA) (X4) (W] (4}

T7PALLA-1 2 350.0%+ 40.37 62 .85
(> 350.0¢)
(2 350.0¢)

TTPALLA-2 201.6%¢ 0.0 28,70 40442

77PALLB3-1L - G« 00 13 .44
(> 350.9¢)

77PALLC-1 15€.9%+ 8.08 2.79
- 130.0

77PALLC=-2 2 350.0%+ 36.38 - 35.01
- 41.3

77PALLD -1 - ¢.C0 18,67

T NOT IMCLUDED IN THE AVERAGE DATE

+ THORTUM CORRECTION USED CALCULATED AT R =
¢ REPRESENTS THE YOUNGEST AGE POSSTBLE NCT THE LOWER ERROR LIMIT CALCULATED AT R =

* PEPPESENTS THE OLDEST AGE PCSSIHLE, NOT THE UPPER EPROR

= TLUTE Tr A maimT. a® enis mae+srm ;oo o

+*

-
-
-

-
+*
..
-
[N

-
..

oo
~Nw

Py

+*

(U-234)

1.098%

ENTRATIONS

«50

.08

00

.13



Table ’?031+

CORRELA h gL N2, C 4D

TION OF DATA FROM PEGH 22,
USThs SANPLES  77PA12
SavpLE AGe EPROR YIELOS TH-230 TH-230 U-234
T U-232 TH-228 U-234 TH-232 u-238
(xn) (KA) (% %3

77PA12-1 > 350.0%+ 5.96  11.70 3.532 22.8 . 7623
- 9.z + 6e157 v 43.5 & 1.781

. (> 350.01) i
77RALz-2 53,28+ 6.72  42.23 823 1.5 1.172%
- 3.0 S ¢ S+ 4

§ NOT INCLUNED IN THE AVERAGE OATE
+ THOPIUM CORRECTION USED CALCULATED AT R =  1.25

(U=234)

¢ REPRESENTS THE YOUNGEST AGE POSSIBLE NOT THE LOWER ERPOR LIMIT CALCULATED AT R =

+  BIPRESFNTS THE ULDEST AGE PCSSIRLE, NOT THE UPPER ERRUR

Table 7«30

COFRZLATION OF FRPCM PECH II, C. 3
SAM 3

CATA
USTHG SAMPLES  77PAL
SArPLE AGE EReOR YIZLCS TH=-223§ TH-2 3§ U-234
U-232 TH-Z28 U=-234 TH=-232 U-238
tka) (KA) (%) Z)
77PAL3-2 - 21.18 0,00 - - «906%
¢ 0.G00
¢+ 29.6
78P813-3 1C3.53+ 22.60 35.78 «729 3.5 1.2983%
- 25. + 065 + .3 + W11
¥ NOT INCLUDED IN THE AVERPAGE DATE
+ THORIUM COFRECTION USED CALCULATED AT R = 1.25

(U=234)

(U=235) 0

1.278%
174

¢ QEPRESENTS THE YOUNGEST AGE POSSIBLE NCT THE LOWER ERROR LIMIT CALCULATED AY R =

t QEPPESENTS THE OLDEST AGE PCSSIOLe, HOT THE UPPER ERROF

sim T A Ta

DO TR

CONCENTRATIONS

U-238 TH-232
(PPM) (PPV)
«02% .01
.ces .16
1.25

CUNCENTRATIONS

U-238 TH-232
(PP M) (PPN}
J14% -
LES .05
1.25

R N I



REPRESENTS THE OLDEST AGE PCSSIBLE, NOT THE UPPELR EKROR

THIS IS A CCMBINATION DATE CcRIVED FROM COMBINING THE U AND TH OATA FRCM TWO DIFFERENT
SUBSAMPLES, AND AS SUCH, SHOULD BE REGARCED AS QUESTIONABLE AT BceST,

COFRELATION 0OF 0ATA FRCM_PECH II, C &
USING SAMPLES 77PAlcA, 77PA168.’77PA1}, 77PALS
SAHPLE AGE ERRIR YIELODS TH-230 TH=-230 U-234 U=-244) CONCENTRATE?gE
------ --- Bl U-233" "Tn-228 0-234 TH-232 y-238 (U-248)6  U=238 TH-232
(KA) tKA) t72) Z) (PP (tPPM)
(2 350.0%)
TPA - 36.3%¢ 12.90 10.33 1.031 3.4 1.7608 244758 .05% .08
77PAl6A-L 2 i 91.1 S g, iz
{2 350.0¢) .
- . 15.2 14499 837 1.0 14493 1.5558 .103 «39
77PA168-1 75.3%¢ C eesun 4 . v lpb2 R i e Tlite
w - 03 o 32. «918 1.1 9403 - wU3F .07
7reAteB=-2 2 350.03¢ 5459 2.91 . 33t . NN T Y
COFRZLATION OF CATA FROM PECH II, C 6,
USING SAMPLES  77PAZY
CAMPLE AGE ERROR YIELDS TH-230 TH-230 U-234 (U-23+4) CONCENTRATIONS
U-232 TH-228 u-234 TH=-232 U-238 (U-234)0 U-238 TH-232
(33} (KA) ) 3 (PP M) (PPH)
t 52.3
- 7APAZD-1 61,03+ 1.32 6.77 <458 17.0 1.3¢33 1.3843 098 .01
- 39.7 + L2609 + 25.0 + .75C + 965
+ 12.9 .
7TuPA2y -2 53.1%+ 7.62 35.55 +523 2.9 1.500% 1.57¢% 128 «16
- 1244 +  o04b + ¥4 + L1772 b .219
T ONOT INCLUDED IN THE AVERAGE DATE
+ THORIUM CORRECTION USED CALCULATED AT R = 1.25
+ REPRESENTS THE YOUNGEST AGE POSSIBLE NOT THE LOWER ERROR LIMIT CALCULATED AT R = 1.25



Table 7437

CoReELATION OF DATA FROM PECH LI, Co 8,
UsIRG SAMPLES 77TPA15, 78PA19
SAMPLE AGE ERROR YIELDS TH-230 TH~-236 U-234 (U-2354)  CONCENTRATIONS
U-232 TH-228 u-234 TH-232 u-238 (U-288)0  U-2s8 THo232
(KA {KA) (%) 3 (PP H}
(2 350,00 )
710815 -1 247,735 36.80  66.36 .993 16.5 1.5043 2.013% «65% .02
- 73.8 v 103 o+ 1.8 ¢ o174
73PA19-2 - G.00  S51.64 - 2.6 - - - L01
+ .2
€ HOT INCLUDED IN THE AVERAGE DATE
+ THORIUM CORRECTION USED CALCULATED AT R = 1.25
+ REPRESENTS THE YOUNGEST AGE POSSIBLE NOT THE LOWER ERROR LIMIT CALCULATED AT R = 1.25

t REPRESENTS THE OLOEST AGE PCSSIBLE, NOT THE UPPER ERROR

S THIS IS A COMBINATION DATE CERIVED FROM COMBINING THE U NDA;

DATA FROM TWC DIFFERENT
SUBSAMPLES, AND AS SUCH, SHOLLD BE REGARDED AS QUESTIONABLE 8eST,.
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n the esarly Wirm I or late Riss III, as the botiom
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has experienced a very cold climate, followed by a eool damp climate,

a

(1972) has reconstructed the history of the cave, shown in Fizure

Y

7.13. Both caves were filled bty sedirems in the Riss and Hrn I,

During the irm I/I1, the sediments in Pech I were completely washed
out except for the breccizs adhering to the wall., Pech I was sub-

sequently filled by Wirm IT sediments, while deposition in Pech II

tede

did not occur., From the end of the Wirm II until the Middle Ages
the cave was relatively untouched Ey either humans or the vrocesses
of erosion or sedimentation,

Table 7.28 shows the paleoclimatic interpretation for Pech
IV, compared with the other two. Based upon the industries at Pech

IV, Bordes (1976) has attributed the section to the Wirnm: layers

Z through G to the WurmIL, and F through A to the Wurm I,

7.%3.7 Results

Unfortunately, few definitive results have been obtained
for Pech de 1'Az8, Like Montgaudier, poor yields and large amounts
of detritus plagued the analysis. In general, the uranium concen-
trations were also very low. Only one sample improved when it was
roasted, 78PA20, Table 7.29 lists the sample descriptions, while
Tables 7.30 through 7.37 list the results, Figures 7.14 to 7.20.

show the samples collected by H. Schwarcz, some with the help of

M. Aitken and F. Bordes.
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?7.3.7.1 Pech de 1'Az@ IV

Of the three samples from Pech IV, only one was suitable
for dating, but it gave an age with a large error, and a low urani-
um yield, Therefore, 77PA2 may be Wurmian, but it is not certain
until more dates can be obtained.
7.3.7.2 Pech de 1'Azé I

In thz outer breccia mass, three samples were collected
from the middle of the mass, 77PA4~6, None of the dates totally
agree, The date with the best yields is 77PA5-3, 99.0 : ig:g Ka,
which is consistent with an age between the Riss III and Wurm
as implied by the sedimentological and pollen analysis. Inter
tingly, the other two dates correspond to the Wirm I/II, the time
that the rest of sediments in Pech I were supposedly washed out
leaving only the breccias, If the dates are correct, then they may
represent a period of recrystallization of these layers.

In the inner breccia, Figure 7.16, 77PAl0 was collected
from the dirtier travertiné surréunding‘the stalagmitic boss, while
77PA7, 77PA8, and 77PAll come from the boss, and 77PA9 from the
basal flowstone be32ath.the boss. Although 7?PAlLO gave no result,
all the other dates agree well with an zverage of 128.7 : Zg:g Ka.
Therefore, the inner breccia.is a late Riss or Riss/Wiirm deposit,
similar in age to the outer brecciz,

7¢3+7.3 Pech de 1'Aze II .

77PAl3 was a stalagmitic crust in layer 3, in Pech II,

+ 29,6
- 25,3 Ka

seems reliable; but unconfirmed, If the date is accurate, then

Although the -error is rather large, the date of 103,5
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the supposed. Wirm I sediments are actually Riss/Wirm.

77PAl2, from block B2 embedded in couche 4D in Pech II
did not give any result, but was full of detrital thorium., Part
of a stalactite from layer 4, 77PAl4A-D, élso gave no reliable
reliable dates, but had large amounts of ?32Th.

Layer 6 contained a paper-thin stalabmitié growth which
was sampled, 77PAl6, 77PAl17, and 77PA18, while 78PA20 was also
collected from layer 6. None of the ages from 77PA16, either
4 or B, can be used because there is a higher concentration of

238

detrital thorium in them than that of U. 77PA20 seems to be

quite young, tha dates ranging from 50,1 :‘ig:z to 61,0 i gg:g Ké,

but with poor yields, it is uncertain if this represents the true

age, Bordes' interpretation for layer 6 was Riss II, not Wirm I.
Layesr 8 and 9 were sampled respectively as 77PAl5 and

78PA19, the former a stalactite, the latter also likely a roof spall.

If a single age can be believed, then the roof spall was deposited

on the roof in the Mindel, 247.7 i 3gg:g Ka ago, to fall into the

deposit at some later time.

7.3.8 Conclusions
As far as can be determined from the few dates listed above,
the history of Pech de 1'Azé was much as Bordes (1972) describes it.
In Pech I, sediments and stalagmites were deposited from
at least 130 Ka until 100 Ka in the Riss/Wirm, but most were later
washed out by a Wirm I/II flood. Sediments accumulated in Pech II

and 1V, but neither are well dated.
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The dates on the breccia masses mean that the Mousterian
tools embedded in them are much older than is conventianally assumed
for a Mousterian culture. If the upper part of the outer breccia
is comparable to layer 4 in Pech II, then the date of 103 Ka for
layer 3 agrees extremely well with that of the outer breccia. If
that is the case, most of Pech II is also older than expected, but
many problems still remain in Pech II.

Unfortunately, there is little travertine in Pech which
makes it extremely difficult to obtain more material for dating
while most of the samples collected were so small that only a few
dates could be obtained. Therefore, many of the problems which

exist may remain unsolved.
7.4 The Castelnaud Caves

Abri Vaufrey and Grotte 13 are just two of the many caves
and abris found in the cliffs overlooking the Dordogne above Castel-
naud. Several of the caves including Vaufrey contain archeological
material, others such as Grotte 13 contain faunal remains. All
are the result of karstic erosion along the St. Cyprien Fzult in
the '"Jurassic window", Laville (1975) has studied Grotie 13 in de-

tail, but only preliminary reports mention Vaufrey (Bordes, 1972).

7.4.1 The Hiztory of Excavation
Abri Vaufrey has probably been known to the locals for
several centuries, because it is clearly visible from the valley

(Figure 7.21). 1In 1930, R. Vaufrey alsc excavated at Vaufrey,



Figure 7.21

The cliffs near Vgufrey:

The upper picture shows the exposed cliff faces,
which are maintained through debris falls, resulting
from undercutting erosion of the softer strata

in the lower picture.
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Figure 2,22

Stoping of the roof in Abri Vaufrey.

Figure 7.23

Three caves near Abri Vaufrey all parallel-
trending with arrowhead profiles (courtesy

of C, Pierce).
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but abandongd it in favour of Africa. Although he did excavate
rather extensively, little was ever published. He also‘discdvered"
and named about 30 other caves and abris‘along the local c¢liffs,
including Grotte 13.

Above Vaufrey on the cliff top is a Boy Scout. camp. For
many years the scouts used Vaufrey and several of the other caves
for camping, and exploring. In the early 1970's, J.-P. Rigaud
began to excavate therg. Although he erected a fence to keecp the

Boy Scouts out, much damage had already been done.

7.4.2 The Formation of the Caves

Two different karst processes have been acting to produce
the Castelnaud caves. Undercutting erosion attacking the softer
strata in the cliffs at about the level of Vaufrey has kept the
cliff faces above exposed, as their edges periodically collapse
and are added to tha scree slopes at their base. Uniil the scree
reaches the level of the softer strata and covers them, the cliff
faces will continue to be exposed, as shown in Figure 7.21A.
Figure 7.21B shows the extent of the undercutting at presant.
These softer strata are also causing the roof of Abri Vaufrey to
stbpe upward, as small abris erode into the rocks just above the
roof (Figure 7.22), and then collapse into the sediments below as
éboulis.

Within the cliffs, small faults perpendicular to the St.
Cyprien Fault have produced weakness along which karst solutions

have premeated to form many caves, all trending parallel to one
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another, each with a characteristic arrowhead profile (Figure 7.23)
Vaufrey, however, has two faults spaced about 15 m apart which

are responsible for its great width, and more complex profile,
Figure 7.24 shows the two faults which together cause Vaufrey to

be shaped like the distal end of an arrowhead.

74,3 Abri Vaufrey
Containing mainly Mousterian artefacts, Vaufrey is proble-
ic as far as dating is concerned. Much of the sedimentary fill
has been soliflucted, cryoturbated, or redeposited.

?.4,3,1 General Description

Located in the cliffs overlooking Castelnaud about S0 m
below the top of.the cliffs, Vaufrey is a lofty abri about 12 m
in.height. Originally, it was almost completely filled with sedi-
ments, Although the bedrock has been found in parts of the back,
20 m of excavation at the front have still not reached the bottom,

At the back of the cave are two small grottoes formed along

the two faults which are the reason for the abril's formaticn

(Figure 7.24).
7.4.3.2 Stratigraphy
The stratigraphy in Vaufrey, as shown in Figure 7.25, is
from the top:
0. Stalagnmitic cap, very thin,
I. Thermoclastic plaquettes with little intersticial silt,
bones, and %uina Mousterian

/. . . .
II. Dark brown loam with few eboulis, and two Mousterian



Figure 7.24

The two faults on which Abri Vaufrey is situated.

‘ﬁ,
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Figure 7.25

A diagramatic representation of the stratjgraphy

in Vaufrey (Bordes, 1972).
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VII.

VIII.
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XIII.
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cultural levels,

Light yellow silt with very altered eboulis. At the

base is a stalagmitic plancher. Mousterian artefacts.

Muddy silt with eboulis and two archeological levels

(Mousterian). The base has been solilflucted into

V and VI, while much of the level is soliflucted mate-

rial from II and III. A burnt horizon which has also

been soliflucted can be seen in the section.(Figure 7.2€),

Dark brown sand with thermoclastic eboulis, cemented,

with Typieal Mousterian, Figure 7.26.

Light brown, very similar to V, with large dboulis near

the front .of the abri. Typical Mousterian

Calcareous sand with rare éboulis, yellow, with Typical

Mousterian,

Yellow calcareous sand without é%oulis, Pypical Mousterian.

Yellow sand with plaquettes, soluflucted. Typical Mous-

terian, Figure 7.27,

Typical Mousterian.

Subdivided into 3 layers:

a, Typical Mousterian

b, Mousterian of Acheulian Tradition

c. Acheulian, not in situ, has been deposited flu-
vially,

Eboulis, sterile.

Fluvially deposited bear bones. U, deningeri.

Sand.



Figure 7,26

Couches 4 through 6:
Note on the upper picture the solufluction of
the black horizon in couche %4, and the eboulis

in couche 6 at the -190 cm mark,
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Figure 7.27

Couche 9, filled by plaquettes spalled from

the roof,
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Figure 7,28

The stratigraphy of Vaufrey in the pit at
the back: +the lower figure continues down

from the one above (courtesy of H, Schwarcz).
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Figure 7.29

The view from the cliffs at Castelnaud:
The top picture loocks along the Céou, tributary

to the Dordogne, shown in the bottom phuto.
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Figure 7.28 shows the section near the back of the cave from layer-
I to X1,
7el+e3s3 Archeology and Faunal Remains

Until more detail is published little can be added to the
details listed with the stratigraphy. The Acheulian material,
which is accompanied by féwlfauna1 remains, has a different patina
from that of the Mousterian material. The Mousterian material
is associafad with a fauna of bovids, horses, and rhinocerous in
layer XIb, and red deer, rhinocerous, and horses in the other la-~-
yers., Layer I also contained ibex.
Tele3.,4 Human Remains

Sometime between Vaufrey's and Rigaud!s excavations, the -
Boy Scouts reputedly found a skull, presumably a Neanderthal. Un-
fortunately, all traces of the skull have been lost. (It probably
sits in some aging BoyScout's closetsd In addition one tooth,
maybe Neanderthal, was found in .layer I,
7.4.3.5 Palecenvironments

The basal sand in Vaufrey is thought to predate the Mindel,
because of the U. deningeri bones above it. It may even be Ville-
franchian. The bones, however, were deposited in the Mindel, and
subsequently redeposited, Layers XI through I,iby virtue of their
Mousterian industries and the low incidence of reindeer are thought
to be from the Wurm I. Considering the thickness of the sequence,
this is surprising. Regardless of the age, it is obvious why Vau-
frey was chosen as a camp: From the cliffs, one can sece for several

miles along both the Dordogne and the Ceou to spot game (Figure 7.29).



Figure 7.30

The stalagmitic mound in Abri Vaufrey, from

which samples 78AV1A-E are taken. (courtesy of

H. Sclirarcz).
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Figure 7.12

Tools from Pech IV (after Bordes, 1976).
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7.4.3.,6 Sample Descriptions

In 1978, H. Schwarcz, assisted by J.-Ph., Rigaud, collected
several samples from Abri Vaufrey. Because preliminary results
for these samples were discouraging, more samples were collected
in 1979 by the author. It had been hoped prior to the 1979 collec~
tion that it would possible to test the theory tkat soda straws
are penecontemporaneous with the sediments in which they are found.
Therefore, several soda straws were collected, but none of these
were sufficiently large to attempt to analyze. Several new samples
collected from the excavations proved to be wall rock, or sand ce-
mented by calcite. There is very little travertine in Vaufrey sui-
taﬁle for dating.,

One sample, 78AV9 (renamed 79AV15) was not transported from
France. This probably would have been the best to analyze, 79AV18
was a small stalagmitic mound in the sediments of couche 7, which
appeared as if it was in situ, lying flat, with the stalagmite up.
No other stalagmitic material, however, was found in this level in
the area, 79AV21l was a piece included in the shipment by the arche~
ologists; therefore, it context is unknown. All other samples were
unsuitable for dating.

" During shipment, the majority of the 1978 samples were badly
broken., Therefore, much of the material dated was from loose pieces,
For the remainder of the material, relative positions are known,
but mean nothing because only one date could be calculated for the

sample,
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7.4.3.7 Results

Although Abri Vaufrey was not expected to be a problem to
date by the U/Th method, results have been dismal. Roasting the
samples helped to recover the uranium from some samples which had had
low aranium yields for unroasted samples,/but most still proved
to be undatable., Tables 7.39 through 7.43 1ist the analytical
data, while 7.38 gives the sample descriptions.

In layer III, a stalagmitic mound was sampled in five
slightly different positions, 78AV1A-E, shown in Figure 7.30.
Although 21 different attempis were made to date the samples,
only four gave ages, three of which were from roasted samples. In

23

all cases, the amouﬁt of detrital 2Th equaled or exceeded the

38

that of 2 U in the sample. Therefore none of the dates are re-
liable.

784aV5, 78AV6, and 79AV18 all come from layer VII. Ex-
cepting 784V6~3 for which the 232Th concentration equals that of
238U, and 78AVG6-4 for which the uranium concentration is higher
than for any other subsample of 78AVE,  the dates do agree. 1In
fact even the lower limit of 78AV6-3 is in agreement. It is
questionable, however, @s the age for 78AV6~4 is so much younger
and really should not be disregarded for any strong reason., Even
disregarding this age, the average of 149.3 : g?:g Ka is unreliable
because the large amounts of detrital thorium have caused the
corrected age noted above to be significantly younger than the un-

corrected ages which average approximately 200 Ka,

Four samples were collected from tayer IX, 78AV2, 784AV3,



SMMPLE

78AVS

78AV6

78AV7
768AV8

78AV9

78AV1C

78AV11

78AV12

78AV13

LOCATION

sq J9, c

7 top

sq 16, ¢

sq G7 ¢

9 base

sq G7 ¢

10 top

sq K10

sq K6

fst cap

Grotto
sq J4

+ 20 cm

Grotto
sq J4

+ 30 cm

sq K-L10O

c 3-h

DESCRIPTION THICKNESS

White microxtln fst with
brown lam slightly convo-

luted

Chalky beige microxtln opaque
fst with 1-2 mm lam, roof

spall?

Loose pieces of sparry grey-

brown trnasparent calcite xtls

White~beige microxtln fst

with thin lam

Sample did not arrive.

White microxtln fst with

faint lam

Tan-brown microxtln .fst

with faint lam

White microxtln fst with
faint areas of very white

dense calcite

Brown calcite cemented breccia

of sand and eboulils

6 cm

5 cm

up to 3

cm across

2 cm

4 cm

DETRITUS POROSITY

0%

30% clay

5% qtz

50% clay
5% carb
(bioel)

10% clay

10% clay
5% qtz

15% carb

10% ang
Xo

20% ang
X1

25% rd
X2

30% ang
X3

605 ang

~rd X4

CRYSTALS BIOCLASTS

spar, 1/10 -
x 2/10 om
// lam

av % mm -

random

1/5 mm bone

random

1/10 mm bone

random

variable: bone
1/10 = 1 mm

random

2° GRrOWTHS

50% pores
(=10% of

total)

5% of pores
(=2% total)

% total

LAYERING COMMINTS

Xtl edges
meet to

form lam

More clay,

pores on lam

More clay,  Sparry 2% growth av 1/20
pores on lam x 2/20 mm radially into

pores; unsuitable for dating

Unsuitable for dating



COoRwSLATIQN OF CATA FRCM VALFREY, COGUCHE 3,
USTES SAMPLES  783V14, 784V1H, 78Av1C, 78AViD, 78AVIE
CLMDLE L6t EPROR YI£Los TH~23t TH~230 U-234 (U-234) CONCENTRATIONS
U-232 TH-223 U=234 TH-232 u-238 (U-238106 U-238 TH=-242
(KL) (<4) (73 (%) (PPM) (FPI)
TsAVIA-1 - LaG0 27.52 - 7.5 - - - W5C
+ 3ol
7Teavia=2 - GeG 28.27 - 2 163640 - - - Oeds
7RAVIA-3 - GeG3 29.38 - 4.7 - - - «0E
+ .7
7HAVIB-1 - + ueld 5.093 - 2.6 - - - .15
+ .5
THAVIB=2 - 0.C0 1.40 - > 1066040 - - - Goud
TREVIB-3 - G.G0 11.36 - 2.9 - - - .59
+ 8
THAVIC~1 12 358,07+ 41,45 15,20 1.083 342 1.3373 - R W14
- Erary ¢ L1061 + N3 + L1111
reAvIC-2 - .60 iba31 - 5.6 - - - .06
+ 2.3
+ 19,3 -
7AAVIC~3 46.0 ¢+ 3735 14,64 +5(6 2.7 1.62 1.611 07 o7
- 18.6 + W0Ch + 6 + «14€ + L0404
78AvLIC- > 350.035¢+ 15.79 30.47 1,084 3.8 1.3193 - +L5% Pta
WiC-4 $58.23 - Jd.04 + 170 + o7 + 243
7RLVIC~S - £.00 36.75 - \ 2.5 - - - W15
784VIC-6 - 3400 65.76 - 2.6 - - - W10
+ .2
784VLID-1 - $.00 4.35 - 5.2 - - - "
. + 2.8
BAVIE~ - 9.87 C.a0 - - .972 - W12 -
78AVIZ=1 ¢ 0.000
BEVLE~ - .08 8.29 - 10.5 - - - el
7TALVIE=-2 © + 5.3
TEAVIE=3 - G.C0 23.12 - 10.6 - - - L0l
+ (T3]
Tesill-4 - 0,00 28,4k - 12.9 - - - -
+ 3.3 L
. . + 3.6
78hyte=5 50.5 ¢ 13.28 4630 <4€9 4.2 1.707 1.613 W01 .Gl
- 8.4 +.035 + .5 +  .148 + ,018
TEAVLE-6 o= J.00 36463 - 4.3 - - . ar
N -3 .25
7HAV1E-T7 - 0.0d 39.€9 - 3.3 - - - ce
+ .5 b
e t 11,2
AVERAGES %9,5 - to.9 1.537 1,455 67
. + .122 + 4192
T OHGT INCLUBED IN THE AYERAGE DATE
¢ THORIUM COKRECTION USED CALCULATEN AT R = 1.25
v REPRESENTS THE YOUNGEST AGE POSSIBLE NCT THE LOWER ERRGR LIMIT CALCULATFD AT R = 1.25

REPPESENTS THE OLCEST AGE PCSSIBLE, NOT THE UPPER EKROR



Cores LATION (
SAMPLES 7

UL ING

SAHPLE -

744Avi-1

73ay5-2

7THAVS =3

7THAVS =4

73AV5-5

7THAVH-6

780V5-7

78AVL=-2

Talytli~t

T8AVie =5

TEAVLIE-®

74AVIE=-7

AVERALES

9

4 RIPRESENTS

HOT [HCLUDED IN

NF (ATA FrCM YAy
BAVD . T8AVD,
AGE £ RROR
tKa) [KAY
t bb.3
157.3
- 43,1
+ 50,7
157.2 +
- 38.3
+ 13.48
133,023+ ’
- 17.7
+ 8.
5046 ¢+
+ 11.2
49.5
-~ 10.3

RE Yy
7THEVY

OLCeST AGE PCSSIHELE,

THE AVERAGE DATE

t. THORIUM COKRECTION USZD CALCULATEN AT R =
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y-232 TH-228 U-244 TH-232 U-238 (u=-234)0
(%) (%)
8.58 G 00 - - 2.660 -
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Le GO 10.€3 - 5.3 - -
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8.5 55480 <814 by.1 1.984 1,733
+ .11 + 57.0 t W70 + 1565
GeCOD 41.03 - 445 - -
+ .8
.00 7.26 - 2 100040 - -
g.a0 36294 - 19.9 - -
+ 15.8
21.96 $3.09 «860 5.3 1.0448 1.732
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4425 235.88 BTG 1u.3 1.436% 1.629%
+ .ubl + 2.3 .20 t JGa7
.62 28 . 4k - 12.9 - -
+ 3.3
13.28 48400 «4€9 4.2 1.707 1.619
+ .035 + .5 +  J148 + LUls
0.00 36400 - 4.3 - -
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0.00 39.€9 - 3.3 - -
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¢+ .122 + 4192
1;25
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Table 7.41
CowpsLATICH OF CATA FRCM VAUFREY, COUCHE 9,
LTINS SAMPLES 7THAV3, 7BAV?, 7TAAVR
SAMBPLE AGE EPRNR YIELCS TH=230 TH=-220 u-234 =234 CONCENTFEATIGNS
U-232 TH-228 U=-234 TH-232 u-238 (U=254) G U=2358 TH-232
(KA) (KA) t7) (94 {PPM) (PPM)
+ 63.2
7PAVS-1 214.8 20.56 7.01 +8¢5 53.2 1.161 1.331 .08 «d0
-~ 4049 + 070 + 73.2 + «J66 + 08¢
(2 352.3+)
7aAV3=-2 216.1 + 27.11 4420 <206 15.7 1.238 1.332 .08 .02
- 95.0 + L1156 + 29.2 + 362
7RAV3-3 - G.CO 35.87 - 75.3 - - - .30
+ 8L.O
7AV3-4 - G+00 29 .82 - 22.2 - - - «0C
+ 40.7
73AV3-5 > 35008+ 46,69 44,26 1.630 4.9 1.2747% - «lU1® o011
(2 350.04) + 560 + 1.9 + + 466
+ 3he2
7RAV3-6 4218+ 12.74 35.95 «553 2. 1.6813 1.204% e06d .06
- 31.8 + ,092 + 4 + «386 LAV §3
(> 350.0¢)
THAV7 -3 190.6 + 12. 04 37.32 «893 5.2 1.09¢4 1,309 «G3 «02
-~ 190.6 ¢+ 244 + 241 + «370
78AV7 -4 - G.C0 42,02 - 13.1 - - - <01
+ 463
- - - G.00
- > . -
reav3-1 - g.00  B.B7 Loue.o
(> 35G.0¢) X 53 £.5 1.18C 1.361 «05 03
TARVESS 295 T 03 53.06 7aet @R L v i103
+ 15245 1,181 1,349 Uk
AVERAGLES 22643 + 115 +  J42d

~ 105.8 - -



CUFRELATION OF DATA FRUM VAUFReyY, COUCHE 9,
USING SAMPLES  78AV2
SAMPLE AGE ERROR YIZLDS TH-2230 TH-230 U=-234 (U-234) CONCENTRATIONS
U-232 TH-228 U=-234 TH-232 U-238 (y=-2338)4 U-238 TH-232
(KA} (KA %) % (PP1) (PPM)
7HAV2-2 > 350.0%+ 6.32 8.43 1.837 4.0 WAR2T - 2% .02
- 15.5¢ + 740 + 1.8 + o443
78AV2-3 > 35G.0%¢ 47.67 28.26 1,053 6.6 «B49F - «05% .02
(2 350.0¢%) W 124 + 2.5 +  .087
TOONOT INCLURED IN THE AVERAGE DATE
+  THORIUM CORRECTION USKED CALCULATEN AT R = 1.25
¢OREPRESENTS THE YOUNGEST AGE POSSTALE NCT THE LUWER ERROK LIMIT CALCULATED AT R = 1.25
t RPEPPESENTS THE OLDEST AGE PCSSIBLE, NOT THE UfPER ERROR
Table 7,42
Cooe ATIE F CATA F ey yAUFRIY, COUCHE L3,
UG SAHPLES 7BAVLG
CAMPLE At ERROR YILLOS TH=230 TH=230 U=-2354 (U-2354) CONCENTRATIONS
U=-z32 TH-228 U=-234 TH=222 U-2358 (U=-234810 U-238 TH-£32
(KA) (KA) (%) (¥3) (PPM) (FPM)
7THAVLII~1 2 350.063¢ b l15 5.08 1,038 7.2 1.2u98 - 09? 05
- J.34 + L2450 + 445 + L 20€
7TEAViIu=2 - 0.00 S5.f1 - 10.2 - - - 02
+ 13.8
+ 7.3
THAVLIS-3 22.8%+ Bebl 3ueln 253 242 1.375% Labuod «15% 10
- 7.2 +  .029 + .2 + .123 + 139
I H0T INCLUDLL IN THe AVERAGE DATE
t THORIUM CORRICTION USEN CALCLLATED AT R = 1.25
vOREP R SENTS THD YOUNSCST AGE POUSSIALE NCT THE LUWEs ERROR LIMIT CALCULATED AT R = 1.25

t PePROSENTS THE SLOEST AGE PUSSIdLty NOT THE UMPELR ERROR



Table 7.43

CORRE-LATTION OF CATA FRPOM VAUFREY, CCGUGHE Z4
TUSTUS SAMPLES ABOVE DATUM, 78AV11, 7BAVLZ
ShAMOLE aGE LPRew YIFLDPS TH=-23( TH-230 U=-234 {U=-234) CONCENTIRATIONS
U-g32 TH-228 U-234 TH=-232 u=-238 (U-2381 4 U-238 TH=242
(KA) (KA (2 (7 (PPM) {FPM)
) .
7860Vv11-1 - 14.70 0eul - - 1.642% - «0372 -
¢+ G.000
7TBAVLIL~2 2 350,030+ 14438 2604 1.263 2.0 1.542% - «05% olh
- F.3 + .198 + ol + 3460
{2 353.0¢)
780V1E-1 137.5%+ 11.69 6.72 +919 3.8 1,296% 145023 « 043 04
) - 101.5 + L1511 + 1. +  W167
+ 14.2
78MV12-2X aG. 0%+ 20.78 37.92 « 733 3.1 1.339% 1.05138 «34% «25
- 13.1 + L0322 + ol + L Gh3 + 0654
T NOT INCLUPEC IN THE AVEPAGE DATE
+ THORIUM COFPECTION USED CALCULATEN AT R = 1.25
¢ REPPESTNTS THE YNUNCDST AGE POSSIBLE NCT THE LOWER ERRCR LIMIT CALCULATED AT R = 1.2%

¢ REPRESENTS THE OLDEST AGE PCSSIELE, NOT THE UPPER ERRQOR
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78AV7, and 78AV10, 78AV2 gave no useful results, but solutional

234U/238

vugs along its laminations and the low U ratio compared

234U’

with other samples in the abri suggest it has been leached of
which would account for the age of 2350.0 Ka. The other samples,
however, show scme agreement when the data with the concentration

of 232 238

Th greater than that of U are rejected (78AV3-5, 78AV3-6).

The good yields for 78AV8-3 lend credence to the average age of
226.3 : igg:g Ka, although the error is large.

The data from layer. X are very peculiar. Although the
uranium yield for 78AV10-3 is low, the other parameters seem rea-
sonable compared to those for other samples in the abri; yet the-
agé seems to be much too young, More dates on this sample are neces-
sary before anything conclusive can be said about the date.

From the small grotto.above the datum come 784A¥1l and
784V12. Although 78AV11-2 was roasted, it still gave no useful

date because the concentration of 232

238

Th was much greater than that
of U. UNor are the results listed for 78AV12 very reliable be=-
cause of the high concentrations of 232‘I‘h. Although the age of
95.0 i ig:% Ka for 78AV12-2, a roasted sample, may represent the
actual age, with only one date the determination is not certain.
Several other samples were collected from Abri Vaufrey, but
most were either too small to date, or contained noticesable amounts

of calcite detrital fragments. Conceivably, the samples dated may

have contained carbonate detritus as well, although it was poted

only in 78AV1B and 78AV1l, neither of which gave results.
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?.4.3.8 Conclusions

None of the results from Abri Vaufrey, except those for
layer 1IX, are very reliable. Unfortumately, the material in
layer IX consists of stalactitic plaquettes spalled from the roof,
and hence, the age represents that of the deposition of the cal-
cite on the roof, not that of the strata in which the plaquettes
are deposited., Therefore, there arec no dates for the deposition
of the sediments in Vaufrey. Perhaps, layer VII is about 15C
Ka, placing it in the late Riss, a date in partial agreement with
those derived for the Mousterian tools embedded in the breccias
at Pech de l'Azé, while the stalagmitic plancher in the grotto may
be about 100:Ka old.

Therefore, Abri Vaufrey exverienced deposition of stalac-
tites in the late Mindel or early Mindel/Riss, about 250 Ka ago,
which later fell into the sediments-below. At some time, the cave
was filled with sediments, mostly éboulis from the roof, and occu-
piled by people who left Mousterian artefacts behind, some of which
might be as old as Rissian. The stalagmitic material in the cave
is high in detrital 232"'I'h, low in uranium, and has 234U/238U ratios
which average 1.3 - 1.4. DMore work is necessary but difficult to
accomplish because much of the remaining material from the samples
collected is too full of detrital thorium to date, and the cave

has been closed, its excavations finished as of 1979. Therefore,

the problem of dating Abri Vaufrey may remain unsolved.
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7.4.4 Grotte Treize

About 200 m south of Abri Vaufrey in the cliffs over-
looking Castelnaud is a deep cave called Grotte Treize (13), also
known as Grotte de 1'Eglise. Although there are no archeological
materials inside, there are numerous faunal remains, and large
amounts of travertine. All stratigraphic/data comes from Laville (1975).
7.4.4.1 General Description o

The entrance to Grotte 13, which opens at approximately
the same level as that of Vaufrey is about 1.7 m high, giving ac-
cess to a foyer about 7 m square. In the south wall is a small
passage 1 m high, opening below the level of the floor in the foyer.
Further west this deepens where it has been excavatated by Laville
(1975). This passage, the Main Gallery, extends west for 15 m at
a level about 2 m below the stalagmitic plancher which floors both
the foyer and Shanty's Nose, although the latter slopes upward to
ward the rear of the room, Figure 7.3) is a map of Grotte 13.

To the north off Shanty's Nose are Diverticules 1 amd 2,
Diverticule 1, a room with active stalactites (Figure 7.33), is
partially filled by 2 shallow pool masking the excavations made by
Laville. Diverticule 2 is reached through a narrow squeeze., Be-
yond Shanty's Nose, the caves continues on a lower level, connec-
ting eventually with Grotte Douze (12),

?.4.4,2 Stratigraphy
In section 1 in the Main Gallery, Laville noted the following:
I. Thin (0,5 to 1 cm) plancher,

l. Brown sandy silt with granular structures, locally



Figure 7,31

Plan view of Grgtte 13 (after Laville, 197%).
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Figure 7.32

Actively growing stalactites in Diverticule 1,

Grotte 13,

Figure 7.33

The Mindel/Riss boundary, couche II, Main

Gallery, Grotte 13,
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divided by a thin more silty layer, containing stalag-
mitic debris and some éboulis from the walls.
Stalagmitic plancher with lenses of silt and sand,
fragments of stalagmites and stalactites. Locally,
stalagmites grow up from this layer through layer . I
Yellow brown sand, very friabla'containing stalactites
and stalagmites as in II.

Cemented sediment which texturally appears to be as in
layer 2, Rich in faunal remains,

Brown silt, foliated, "crackled"(sic), plastic when wet,
with rare calcite concretions,

White concretéd calcite formed as lenses on the top

of layer 6,

Reddish-brown unconsolidated sand, weathered into pla-
quettes, with many resistant calcareous concretions of
irregular form.

Hard compact reddish-brown sand rich in fine gravels,
éboulis, and fauna,

Sand like in layer 7, but not undurated. Many plaguettes
and fine gravel,

Reddish~brown sand rich in gravel, especially fine white
calcite gravel with many large eboulis in the extreme
east,

Brown silty sand, foliated with many black bones and

a few concretions of iron oxide,

Stalagmitic plancher, discontinuous, formed of plaquettes

lying flat. More plaquettes to the east.



11,

12,

13,

14,

15,

16,

173.

17b.

18,

19.
20.
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Brownish-red silt with small dboulis and rare thin
lenses of finer silt.

Yellowish-brown sand, texturally similar to layer- 11,
with some concreted gravels.. .
Yellowish~brown compact sand with demented fragments

of the same colour with rare black spots, and much
quartz grawvel,

Yellowish-brown siliy sand, locally hardened with rare
quartz gravels, illuvial concretions of sand and many
black spots,

S5ilty sand identical to layer 14, strongly cemented,
layered into plaguettes.

Yelowish-brown silty sand with many quartz pebbles and
bones, rare illuvial concretions and stalactites. In
the west, layer 16 rests on IV, a well-cemented deposit,
but in the east, it rests on layer . 17.

Large sands with some silt, light brown to reddy-yellow
in colour, with many quartz pebbles, rare cemented sand
aggregates.

Porous slightly silty sand, reddish yellow but cut by
blaeck and white beds, and obliquely crossed by a black
zone,

Five distinét layers of reddish-yellow to yellowish=-
brown sand with many quartz pebbles, black spots at top,
Reddish~yellow sand with rare quartz pebbles,

Red sandy silt with hardened nodules.
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Two layers of sandy silt, yellowishered in colour, the

bottom one containing illuvial concretions.

Below layer 21 is a alimestone floor which is either the Jurassic

host rock or the top of another stalagmitic plancher,

In Diverticule 1, the stratigraphy is as follows:

O.
1,
2.

3e

4,
Se

63
6b

9.
10,

11,

Superficial clay

Upper stalagmitic plancher.

Sand with lenses of microfauna either yellow or black.
Lower stalagmitic plancher of varying thickness, with
some sand lenses and bones of small mammals.

A dark broﬁn indurated sand.

Black sand with lighter irregularities. Base is de~
posited in a gulley which washed out part of layers

6 and 8

Stalagmitic plancher.

Breccia of bones, especially U. deningeri, which pinches
out at the edges of the diverticule,

Very localized discontinuous white clacite.
Fossiliferous sandy silt with many U. deningeri at the
base. |

Compact sand,

Silty sand,

Silty sand,

Figure 7.33 shows the Mindel/Riss boundary, leyer II in the Main

Gallery, while Figure 7.34 shows the two sections as seen by Laville

in the Diverticule, and the Main Gallery,



Figure 7,34

The stratigraphy in Grotte 133
A, The main gallery cut 1
B. Diverticule 1

(after Laville, 1975)
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7.4.4,3 Paleoenvironments

Within Grotte 13, cmyoclastic action has not affected the
sediments, but they are the result of normal karstic pedogenic
conditions. Therefore, the sediments give no hints as to the
paleoclimatic conditions except that they were moist and warm,

In the Main Gallery, U. deningeri is common throughout
layers 2 to 16, with the highest concentrations registered in
layers 2-3, 7, 10, and 16, In the diverticule, the greatest con-
centrations of bear bones, U, deningeri, are found in layer 8
and 10, but occur throughout the section below layer 1. A thar,

Hemitragus, is found in both areas, while Canis etruscus and

Cervus are found in the Main Gallery.,

Several of these species can be used to establish relative
dates. Hemitragus indicates a very cold climate, because these
goats are usually found only in alpine areas. Meanwhile, Canis
etruscus was roplaced by the taller Canis lupus in the Mindel/
Riss, In Western Europe, U. deningeri evolved in the Gunz/Mindel.
Therefore, the association is thought by Prat (in Laville, 1975)
to be Mindelian, This, however, does not completely agree with
the sedimentology. Therefore, Laville {1975) attributes the layers
below II to either a very early Mindel/Riss or a Mindel intersta-
dial for the Main Gallery sequence, and the entire section in the

Diverticule to the same period,

[



7.4.4,4 Sample Descriptions

As in Vaufrey, the 1978 collections were made by H.
Schwarcz, and the 1979 collection by the author, assisted by J.=-Ph.
Rigaud. Collection with Grotte 13 was hampered by the pool which
filled the excavation made in Diverticule 1 by H. Laville. The
pool fills the pit to about the level of layer 1-3, making it
impossible to tell the stratigraphy of the material below the sam-
ple collected, 79GT6, and also impossible to collect anything from
layer 6a., It was not possible to drain the pit because this would
have required lowering a pump over the cliff and somehow connecting
sufficient piping to carry the water entirely out of the cave,
For one sample, this effort was not warranted, If at some futurev
time more excavation is attempted in the Diverticule 1, it might
e possible,

79GT? was collected from approximately the same location
as 78GT4, although it was impossible to be cer ain because several
locations looked similar, Both, however, are from the same layer,

Collecting samples in Diverticule was almost impossible.
Because of the cramped crawlway, and the shaft there, only one per-
son could navigate the passage at a time., Therefore, the sample
79GT8 was collected by Rigaud's assistant, who knows the crawlway
very well. It is impossible to locate its exact position on the

map, and the stratigraphy in this region is unknown.

Since most of the samples were very small in both collections

all the subsamples analyzed were slices of the sample, cut to in-

clude all growth layers,
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7he4e% Results
Although the samples from Grotte 13, with the exception of

78GT8, look as if they should be reasonably good for dating, many

of the analyses gave low yields, which, coupled with the low uranium
concentiration, made it difficult to obtain good dates. Many of
the samples contained high amounts of 232Th, in some cases excee-
ding the amount of uranium, Several samples were roasted to improve
the yields. Table 7.47i1ists the sample descriptions and Tables
7.44 to 7.46 the analytical data., Figure 7.35 shows 78GT1 and
78GT5,

78GT1, 78GT2, 78GT3, and 78GTS were all collected from
couche IT in the Main Gallery. 4lthough they vary slightly in
stratigraphic position within the layer, they Fhould all give the
same date, 78GT1-3, 78GTl-4, 78GT1-5, 78GT3-3, and 78GT5=3 were
roasted before analysis. Excepting 78GT2, which contains too

23

much 2Th to make the date reliable, there is a bimodal distribu-

tion of the dates. 78GTl, which showed solutional pitting on its

upper surface averages 40.6 :‘2'2 Ka, while the others average
124,6 : gg’% Ka, ignoring 78GT5-2 which has a very high uranium

concentration for 78GT5, and a suspiciously low amount of detrital
232Th for this region, but why this should be so is unknown.

No dates were obtained for layer I in the Main Gallery
by roasting or normal analyses, Like the other deposits in the

232Th pPlague this deposit.

cave, high amounts of detrital
In Diverticule 1, two stratigraphically equivalent subsam-
ples of 79GT6 give significantly different ages. For 79GT6-2 the

uranium concentration is very high compared to others in the cave, and
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Table 7.45
.oxeELATION OF CATA FPCF 63, XI1L, MG C Lo
GETG SAMPLES  79GTuy 78GT7
SAMPLE AGE ERROR YIELDS Th-230
T o T u-232  TH-228 U-234
(xA) (KA (%) (%9
7RGT4=1 - 6,00 4.56 -
786T4=3 - g.00 15.91 -
79617-1 - 0,00 20.11 -
¢ NOT INGLUNED IN THF AVERAGE DATE
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CONCENTRATIGNS

U-238
(PPM)

«183%

343

1425

«05



W

Table 7.47 Sample Descriptions from Grotte 13

SAMFLE LOCATION

78GT1

78GT2

78GT3

78GT4

78GTS

78GT6

78GT?

MG ¢.II

MG c.II

MG ¢ II

bottom

MG ¢ II
stg above

c, II

Div 1

c. 1 &3

MG ¢ I

DESCRIPTION THICKNESS
White-grey macroxtln fst 2=k cm
with one visible growth lanm
Grey-white macroxtln fst, 4 cm
porous appearing with a few
growth lam
White transparent macroxtln 5 em

fst, with 2 major growth
hiati, few minor growth lam

at bottom, soda straws in base

Grey-white stg, uppermost lam 6 cm
marked by yellow silt, brown

lam near base, macroxtln,

active stg

Beige microxtln stg, yellow 4 em
silt on some growth rings high
Beige~-white macroxtln fst variable
with stg, soda straws near 1-10 cm
base, lam S5 mm apart

Grey-white macroxtln fst 3 em

with soda straws in middle

red silt in growth lam

DETRITUS

10% clay
5% carb

5% qtz

variable

0-10%

variable
5-25%
clay

«5%

10-20%
silt,

clay

0=-50%
clay,

silt

10-20%
clay,

silt

POROSITY

20% ang
X0

20% ang

X0

10-20%

ang X0

5% ang
X0

25% ang
X0

CRYSTALS

variable
lmm - lcm

random,

Massive
av, 1-3 cm

random

% -1 om
// lam

Massive,
orient
undeter~

mined

variable

% - 4 om

5-50% ang Variable

X0-X3

variable
10-40%

ang X0

% mm random

-2 em //lam

av. % mm

random

LAYERING 2° GROWTHS

Clay concent~ 80% rextlz

rated on lam

Clay concent- Relict spars

rated on lam, rextlz

lam more porous

More clay, Rextlz?
smaller xtls

on lanm

Silt on lam 90% rextlz
More clay, rextlz?
silt, smaller

xtls on lam

More clay, partially
pores, smaller rextlz?

xtls on lan

more clay, Relict sjars

pores on lam  rextlz

CONMMENTS

Solutional pitting on
upper surface, 1 soda

straw with radial xtls

Dissolved channel on
upper surface, filled

by Fe-rich sand



SAMFLE  LOCATION DESCRIPTION THICKNESS DETRITUS POROSITY CRYSTALS LAYERING 2° GROWTHS COMMENTS
78GT8 Div 2 Dark brown calcite-cemented 3-4 cm 20f%clay  10% ang very small - - Cement constitutes about
sand 20 qtz X0 20% of sample, bioclasts
35 carb present include teeth,
5 fspar bones, also oolites
ABBREVIATIONS:
t'G = Main Gallery
Div = diverticule flowst average , min = mineral Connoctedness of the Pores
fst = flowstone av = ¢ 3
qtz = quartz stg = stalagaite polyg = polygonal shaped crystals diam = diameter X0 = unconnected
fspar = feldspar 1 sup e plancher superieur X1 = partially connected
dep = deposit stc = stalactite orient=orientation . P pep
i 1n = crystalline X2 = connocted
2% = sacondary ang, = angular pore rextlz = recrystallized xtln v
. sha . = ted
} shave // lam = oriented parzllel to X3 = woll connecte
c. = couche
. - =ik 5 34
rd = rounded pores growth laminations X4 = a sponge-like porosity
5] = square

1'm = laminations



Figure 7.35

Couche II1, Grotte 13:
A, 78GT1
B. T78GTS

(photos courtesy of H, Schwvarcz)
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231*'73/23817 ratio is rather low for 78GT6-2, compared to those
in layer . II of the Main Gallery. Therefore, 79GT6-1 may be an
accurate age, 20.4 + 4,3 Ka, but one determination is not enough
to say positively.

Diverticule 2 contained nothing suitable for dating,.
?e4o4,6 Conclusions

Althouzh the fauna in layers - 2 through 16 in the Main
Gallery may be Hindelian, 1layer II, the stalagmitic plancher is
apparently a Riss/Wﬁrm deposit which was partially dissolved in
the Wirm I/II. If this is accurate, however, where are the Hindel/
Biss and Riss deposits? Although the cave may have been sealed
off from outside sediment sources, why is there no travertine from
the Mindel/Riss, if the deposits below layer II are Mindelian?

A date for layer . II1I would solve this problem. Layer I is still
undated.

In the diverticule, layers 1-3, the stalagmitic planghg;
may be much younger than expected, as its lone date correspomds to
Wurm III/IV, Layer 2 was assigned to the Mindel on the basis of
one bear bone, from a layer which overlies a layer (5) which
obviously has beepn deposited after fluvial erosion. Furthermore,
there are no bear bones in the intefvening levels, Therefore, the
one bone may have been dissolved out of some other level and rede-
posited in layer 2. Therefore the date may be accurate. A date
for the stalagmitic plancher in layer. 6a would perhaps solve the
problem, if that level can be sampled with the pool that now fills
the excavation., At present, the\pool £111s "the cut to the top of

layer 3,
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7.5 Conclusions

Generally, for the Dordogne caves as a whole, the uranium
concentrations are very low, averaging less than 0,2 ppm in most
deposits. Furthermore, travertihe deposite are scarce, especially
for the two archeological caves. There is, however, some corres-
pondence in the ages determined for the Dordogne caves,

Two, and possibly all three, of the caves studied have ex-
perienced deposition of stalagmitic planchers between 125 and 100
Ka, Furthermore, the ages of these deposits in two are bimodally
distributed, indicafing periods of solution and recrystalization.
at approximately 35 to 40 Ka. Therefore, the periods of 125 to
100 Ka and 35 to 40 Ka must represent two regional phenomena,
Because speleothem is not deposited at subzero temperatures, these
periods must have been wet and not extremely cold. Hence, it is
probable that the Riss/Wirm interglacial dates from 100 to 125 Ka,
and the Wurm I/II interstadial occurred at 35 to 40 Ka BP, While
the former was.accompanied by the deposition of speleothems, the
latter was marked by solution and recrystalization,

Both Pech de 1'Azé and Abri Vaufrey also have experienced
deposition of stalactitic travertine on their cellings approximately
225 to 250 Ka BP, and perhaps as far back as 350 Ka, These roof
deposits later spalled off into the lower sediments,

There may have also been a brief period of deposition at
about 20 Ka BP,

Because all three caves contain speleothem dating from the
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Riss/ﬁurm, all must have been formed prior to that period. Further-
more, two contain stalactites which formed over 200 Ka BP, while
the other contains sediments which underly the Riss/Wiirm deposits.
Therefore, all the caves must have been formed long before the
Riss/Wirm,

The dates establbished herein agree well with the ages de-
termined for the warm trand in the global deep sea. core data, iso-
tope stage 5, dated from approximately 120 to 90 Ka (Broecker and
van Donk, 1970), and a warm oscillation noted at 40 Ka. At about
250 Ka, the isotope record shows and warmer interglacial period.
Therefore, the data are consistent.

Although the archeologists would claim that the Mousterian
at Pech de 1'Aze was Wurmian, the Mousterian here must predate the
beginnipg of the Wirm I ' by several thousand years., Although it
is uncertain, the thick sequence from Abri Vaufrey probably parti-
ally predates the start of the Wiurm as well, as both Pech and Vau-
frey contain Typical Mousterian facies in their sections, some of

which are pre-Wirmizn in Pech de 1'Aze.



CONCLUSIONS

In Southern France, there are several regional climatic
phenomema whieh can be correlated between the Dordogne and the Cha-
rente regions. Furthermore, the cultures in both regions can be
shown to be significantly older than previously assumed,

Both regions experienced stalagmitic plancher deposition n
the Riss/Wirm interglacial from 125 to 80 Ka BP. These planchers
were formed in each of the five sites examined, and in all cases
were extensive deposits usually more than 5 cm thick, implying
wet conditions throughout the district. Similarly, both regions.
experienced deposition of stalactites which later spalled off, and
some stalagmitic deposition at approximately 250 Ka corresponding
to the Mindel/Riss, or a Mindel interstadial. Finally, both regions
may have experienced limited deposition in the Wirm III/IV,

In both areas, the Wirm I/II interstadial has affected the
deposits. But in the Charente, speleothem was deposited, while in
the Dordogne, previously deposited speleothem was dissolved and re-
crystallized. Only in the Charente in Lachaise was deposition of
speleothem in the Riss II/III seen. Obviously, from the dates of
the speleothem iu all the caves, they were all formed prior to the
Riss,

There is no question from thé data presented that the Mous-
terian culture predates the beginning of the Wurm by several thou-

sand years. In Lachcise, an approximate date for its development

532
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is 125 Ka, some 45 Ka before the Wurm I. In all four archeological
caves, there are Mousterian cultural layers underlying deposits
which are Riss/Wurm in age. Furthermore, the Neanderthals with
which this industry is often associated also predate the Wurm,
their appearance predating 150 Ka, Therefore, the Neanderthals
had evolved before they developed the Mousterian culture. The two
evente are not contemporanecus., Therefore, Neanderthals need not
be associated with Mousterian cultures, but might be expected to

be associated with evolved Acheulian, as well.

Much more remains to be discovered about the travertine in
archeological sites. Although the roasting technique has improved
the basic method for some archelological samples, many samples
remain undatable by both procedures, Certainly the nature of the
detrital contaminants in the travertines need to be studied, as
does the trace element composition for samples which consistently
result in poor yields or dates 2 350 Ka, which are obviously wrong,
Study of the effects of bioclastic contamination, especially by
bones and teeth, could provide some insight into the problems en-
countered in dating calcite-cemented bone breccias, which has pro
ven to be unsuccessful. More work regarding the petrography . of
fine. grained speleothems might reveal features not previously re-
cognized that could give answers to some of these problems., Final-
ly, there many more sites to be dated, both in Europe and in Asia
and Africa which have travertines associated with their cultural ar-
tefacts. The many analyses done in the McMaster laboratories, and

one or two others, have only skimmed the éurface.



535

REFERENCES

Bass, W.M, 1971 Human Osteology, Missouri Apcheological
Society, Columbia,

Bilsborough, A, 1972,Cranial Morphology of Neanderthal Man.
Nature 237: 351-352,

Binford, L.R. & S. Binford, 1966 A preliminary analysis of
functional ¥ariability in the Mousterian of Levallois
facies. American Anthropolocist 68: 238-295,

Bordes, F, 1961 Mousterian cultures in France. Science 134:

805-811, -

- 1961b La Typologie du Paléolithique ancien et moyen,
?ordeaux.

- 1968 The Old Stone Age. McGraw Hill, New York.

- 1972a A TAle of Two Cpves, Harper-—Row New York,

1972b, Foullles et monuments archeologiques en France
metropolitaine. Gallia Préhistoire 15: 487-497,

& D. de Sonne ville-Bordes, 1974 The significance of
variability in Paleolithic assemblages.

1976 Le gisement du Pech de 1'Azé IV. Bullétin de la
Soctété Prehistorique Frangaise 2:293-308.

Brace, C.L. & A, Montague, Human Evolution, 2nd ed. lcMillen,
New York .

Brace, CL, H. Nelson, N. Korn. 1971, Atlas of Fossil Man. Holt,
Rinehart, Winston, New York,

Bzace, C.L., H. Kelson, N, Korn, M.L, Brace, 1979, Atlas of Human
Evolution, 2nd ed. Holt, Rinehart, Winston, New York,

Bowen, 9. 1978 ggétefnagy‘Ggologx. Pergammon Press, London.

Cherdyntsev, y.V. 1971 Uranium-234, translated by J. Schmorak.
Keter, Jerusalen, -

Cherdyntsev, V.V., N. Senina, E.A. Kuzmina, 1975. Die alterbestim-
mugen det travertin. on Weimar-Ehringsdorf. Abh.des
Zentral Geologischen Instituts 23: 7-14,




536

Crew, H, 197¢, The Mousterian site of Rosh Ein Mor, In Prehistory
and Paleoenvironments in the Central Negev, Israel, Vol I.
SMU Pres:, Dzllas, 317-351

Debenath, A, 1974; These: Récherches sur les terrain Quaternaires
Charentais et les industries qui leur sont associees.
Bordeaux, .

Debenath A & L. Duport, 1971, Os travailles et os utilises de qﬁel-
ques gisement prehistoriques chatentais. Memoires de la
socibté Archeologique et Historique de la Charente 1971:
189-202,

Duport, L. L'Art Prehistorique en Charente. Socidté Archeologique
et Historique de la Charente,

Duport, L. Décourveﬁte d'une portion de mandibule de Néanderthalien
dans le gisement de Montgaudier, Memoires de la société
Archeologigue et Historigue de la Charente, 1973-74: 33=36,

Duport, L, 1977. Dix Années de Fouilles a Montgaudier. Société

Archeoloique et Historique de la Charente.

Duport, L, 1976. La grotte de Montgaudier. Valenciennes et les
Anciens Pays-bas. IX: 399-404,

Fagan, B. 1974. Men of the Exrth, Little Brown, Boston.

Faure, G, 1977, Isotope Geology., Wiley, New York,

Flint, R.F. 1971 Glacial and Quaternary Geology. Wiley, New York,

Ford, D.C. & R.0O. Ewers, 1979. The development of limestone cave
systems in the dimensions of length and depth. CJES 18:
1783-1798,

Gascoyne, M. 1979, Pleistocene Climates determinec from Stable
Isotope and Geochronologic Studies of Speleothem, PhD
Thesis, McMaster, Hamilton.

Harmon, R. 1975. Late Pleistocene Environments in North America
as inferred from lIsotopic Variation in Speleothems, PhD
Thesis, McMaster, Hamilton,

Harmon, K.,d.Glazek, K. Nowak, 1980, 230Th/23 U dating of traver-
tine from the Bilzingsleben Site,’ Nature 284: 132-135,

Howell, F,C., 1952, Pleistocene glacial ecology and the evolution
of "classic" Neanderthal Man. Southwestern J. of Archeology
8: 377-410

- 1957. The evolutionary significance of variation and
variability of Neanderthal Man, GQuaterly Rev., of Biology:

32: 330=347




537

Howells, W.W, Neandeethals: names, hypotheses and scientific methods.
American Anthropologist 76: 24-38.

Jelinek, J, 1969. Neanderthal man and Homo sapiens in central and
eastern Europe. Current Anthvopology 10:475-503,

Kleindienst, M, 1961. PhD, Thesis, Michigan.

Langmuir, D, 1978, Uranium solution-mineral equilibria at low tem-
peratures with applications to sedimentary ore deposits.
GCA. 42: 547-569,

Laville, H, 1975. Climatologie et Chronologie du Paléolithique en
Perigord. Provence,

Leakey, N, 1971. Olduvai Gorge. Cambridge Press, Cambridge.

Leakey, R. & R lLewin, 1977. Origins, Dutton, New York,

LeGros Clark, W.E., 1965, History of the Primates, >th ed. Chicago
Press, Chicago.

Leroi=Gourhan, A. 1968, The evolution of Paleolithic art., Old
World Archeology. Freeman Sgn Francisco, 12-23,

Mintz, L.W. Historical Geology, 2nd ed, Merrill, Columbus.

Moore, G.%W., 1952, Speleothem =~ a new cave term, National Spe=
leological Society News 10:2.

- 1957. The gpowth of stalactites. Bulletin of National
Speleological Society 24: 95-106,

Roe, D,A. 1964, The British Lower and Middle Paleolithiec. PPS XXX;

Schwarcz, H.P. P, Goldbwrg, B.3lackwell, 1978, U=series dating of
archeological sites in Israel, Nature 277: _58-560,

Schwarcz, H.P. & A, Debénath, 1978, Absolute dating by U-series
diregquilibrium of human remains at Lachaise du Vouthqn
(Charente), Comptes Pendus 288: 1155-1157,

Schwarcz, H.P. 1979, U-series dating of contaminanted travertines,
MoMaster Tech Memo 79=1

Schwarcz, H.P,, Y. Liritzia, A. Dixon, 1980, Absclute dating of
travertines from Petralona Cave. Anthropos 7: 152-173,

Schwarcz, H,P, 1980. Absolute age determination of archeological
sites bz uranjium series dating of travertines, Arclheometry
22: 3-24,




538

Shackleton, X,J. & N.D. Opdyke, 1976, Oxygen isotope and paleomag-
netic survey of Pacific eore V28-239, GSA Memojir - 145
449-464,

de Sonne -ville-~Bordes, D, & J. Perrot. 1956. Lexique typologie
du Paléolithique supérieur. Société Prbhistorique Francaise.,

Smith, P, 1964, Solutrean culture. O0ld World Archeologr. Freeman
San Francisco, 24=32,

Szabo, B.J. & K.W. Butzer, 1979, U-series dating of lacustrine
limestones from pan deposits with final Acheulian assemb-
lage at Rooidam, Kimberly District, South Africa. Quater-
nary Research 1ll: 257-260,

Thomas, D.H, 1971 On the use of cumulative curves and numerical
taxonomy. American Antiquity 36: 206-209,

Thompson, P, 1973, Speleochronology and Late Pleistocene Climates
inferred from C,C.H, U, and Th isotopic variations in Spe-
leothems, PhD Thesis, McMaster, Hamilton,

Trinkaus, E, & ¥,W, Howells, 1979, The Neanderthals. Sci Am 1979
6: 118-133,

Weast, R.Ce ed, 1972 Handbook of Chemistry and Physics, -3rd ed,
CRC Press, Cleveland,

Webb, E, 1978, Problems in the use of the cumulative frequency
graph of the comparison of lithic assemblages. XVIII
Int, Archeometry Conference, Bonn




	BB 1
	BB 2
	BB 3
	BB 4
	BB 5
	BB 6

