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lntroduction 
M ustria is part of central Europe and covers an area ra) of 83, 849 km2. l t  is  populated by almost e ight 
m i l l ion cit izens. lt extends from east to west more than 
550 km and from north to south more than 300 km . lts 
most characteristic features are the mountainous 
Eastern Alps with the h ighest peak at G roßg lockner 
(3 ,  789 m); the Danube Val ley with its main tr ibutaries 
of l nn ,  Salzach ,  Enns ,  and March; and the eastern 
lowlands. 

The Eastern Alps extend about 500 km from the 
Rh ine Val ley in  the west to Vienna in  the east, where 
they pass into the Carpath ians. This latter cont inu
ation, however, is bur ied under the M iocene and 
P l iocene Vienna Basi n .  

The pioneeri ng phase o f  geological research in  the 
Alps started i n  the early 1 9th century and has pro
gressed especial ly s ince the foundation of the Geolo-
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gical Survey in  the year 1 849. At that time systematic 
mapping of the Austr ian- Hungarian monarchy began , 
at a scale of 1 : 75 ,000.  Among those whose con
tr ibutions are of inval uable importance to the knowl
edge of Austrian geology during this classical era be
lang the names W. HAIDINGER, F. V. HAUER, 0. STUR, E .  
and F. E. SUESS, E .  V. MOJSISOVICS, G. GEYER, A. 

WEGENER, 0. AMPFERER, 8. SANDER, and l. KOBER. 

At present ,  geolog ic research is being carried out by 
the Geo log ical Survey of Austria and by several de
partments at the universities of Vienna, G raz, Salz
burg ,  l nnsbruck, and Leoben .  ln addit ion, research in
stitutions such as museums and the Austrian Acade
my of Science provide comprehensive data needed 
for modern understanding of al l  earth-science-related 
phenomena. 

The Geological Landscapes of Austria 
ii1 he area north of the Danube River belongs to the U B o h e m i a n  M a s s i f  and represents a former 
frag ment of Northern Gondwana that spl it off during 
early Paleozo ic t ime to col l ide with Avalonia and Bal
t ica du r ing middle Paleozoic ti me. This block is essen
t ia l ly composed of medium-grade metamorphic rocks 
of early to late Proterozoic and early Paleozoic age 
and extensive gran ites of early Hercynian age. Struc
turally, the Bohemian Massif of Austria consists of two 
un its, the Moldanubian Zone in  the west and the 
Moravian Zone in the east . The former consists of 
paragneisses overlain by a complex of variegated 
crysta l l ine rocks, granu l ites, and orthogneisses whi le 
the latter exhibits low- to medium-grade micaschists, 
metased imentary rocks,  orthogneisses and the 550 
m.y. old Thaya Bathol ith .  During the Variscan Orogeny 
the Moldanubian Zone was thrust upon the Moravian 
Zone .  Their  complex l i thologies and d ifferent evolu-

t ionary h istories suggest that or ig inal ly the two zones 
may have represented two separate microplates. 

The Bohemian Massif, with its local ly preserved late 
Paleozoic and M iddle Jurassie to Cretaceous age 
cover, continues to the south under the Alps.  ln fact , 
crystal l i ne basement rocks have been encountered by 
a series of d ri l l  holes as far south as the Calcareous 
Alps. During Paleogene and N eogene time this base
ment subsided considerably and was transformed in
to the Molasse Bas in .  The newly formed trough was 
f i l led with clastic sed iments suppl ied from both the 
Bohemian Massif and the Alps, the latter having 
started to rise in  late Ol igocene t i me. 

F o r  F i g. 1 
(Geological Map of Austria; 1980) 
see the fol l o w i ng pages 10 and 11. 
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The Mo I a s s e Zone comprises up  to 5,000 m of 
predominantly marine to brackish sed i ments of late 
Eocene (developed only in the Provinces of Upper 
Austria and Salzburg but not in  the Vienna Basin) to 
late M iocene age that unconformably over l ie the crys
tal l ine basement of the Bohemian Massif and its cover 
sequences, respectively. The overall l ithologies are 
transgressive-regressive clastic sequences domi
nated by sandstones and si l tstones with intercala
tions of d istal turbid ites, contourites, conglomerates , 
and deltaic and fluvial deposits , and to a lesser degree 
marls, l imestones, and even some economical ly im
portant coal-bearing horizons. The latter occurred 
main ly in the Badenian and Sarmatian stages of late 
M iocene t ime.  Although the major part ofth is zone has 
only been affected by local fau lt ing , the southern, so
cal led Sub-Alp ine,  Molasse was considerably de
formed due to northward movements of the adjacent 
Helvetic and Flysch Zones unt i l  the early M iocene 
Eggenburgian-Ottnangian stages. Subsequently, 
these faults were overprinted by transpressional tec
tonics that resu lted in a lateral eastward extrusion of 
parts of the bas in .  

Accord ing to  recent dr i l l i ng  activit ies ,  the Molasse 
Zone extends far to the south underneath the Alps. As 
mentioned elsewhere ,  the Molasse Zone hosts the 
majority of Austria's oi l and gas reserves. At present, 
however, only some 1 . 2 M io  t of oil and 1 . 2 M io  m3 
of gas per year are exploited. ln the Vienna Basin the 
o i l -bearing horizons are at depths between 900 and 
2,000 m .  

l n  the Eastern Alps, the late Paleozoic t o  early Ter
tiary age sed imentary sequences on top of the Varis
can basement were deposited i n  a ser ies of east
west-trending facies belts . Each belt reflects a com
plex deposit ional h istory. However, in the northern 
belts there is a generat southward transition from th in ,  
shal low-water deposits to th icker, fairly deep-water 
sed iments of the Helvetic, Flysch , and Pennin ie fa
cies. This pattern contrasts with the adjacent belt to 
the south ,  which exhib i ts shal low shelf deposits of the 
Lower East Alpine fac ies, and the thick carbonates 
and reef development of the Calcareous Alps. Conse
quent ly, rates of subsidence and sed i ment accu mula
t ion varied considerably between these facies belts 
during Mesozoic and early Tertiary t ime. 

I n  cantrast to Switzerland,  the H e I v e t i c Z o n e 
east of the city of Bregenz is restricted to an extremely 
narrow belt of d ismembered and sheared off thrust 
s l ices ( "K l i ppen") intercalated between the Molasse 
Zone to the north and the Flysch Zone to the south .  
East of  the Enns R iver the corresponding rocks occur 
in  tecton ic  windows within the Flysch Zone. They have 
been termed the Gresten Kl ippen Zone and comprise 
l imestones, marls, sandstones, and local ly, even 
sl ices of serpentin ites of Jurassie to Eocene age that 
or ig inal ly were deposited along the southern shelf 
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marg in  atop the Variscan basement of the Bohemian 
Massif. 

The tectonostrat igraphic un it of the F I y s c h 
Z o n e ,  fol lowing to the south ,  extends along the 
northern marg in  of the Calcareous Alps from the 
Western Alps to the Carpath ians. lt is one of the major 
south-d i pping thrust sheets that has overridden the 
Helvetic Zone to the north but also was overthrust by 
the Calcareous Alps to the south. lts internal structure 
is very complex. Dominat ing l i thologies are s i l ic ic lastic 
sedi ments such as sandstones, si ltstones, c lay
stones, and marls ranging in age from the Cretaceous 
to the Paleogene. ln terms of its orig inal paleogeo
graphic posit ion,  the Flysch Zone is regarded as the 
southern continuation of the Helvetic Zone ,  repre
senting thus the depocenter northward and some
what younger than the neighbouring main trough to 
the south , which resu lted from the opening of the Pen
nin ie Ocean . After c losure of this ocean during the Al
pine Orogeny, the assoc iated rock succession was 
transformed to the P e n n i  n i c Zo n e . 

This southern trough was fi l led by a th ick p i le  of pre
dominantly deep-water pel it ic and  calcareous sedi
ments that are local ly assoc iated with true ophiol ite 
sequences ( includ ing serpent in ites , gabbros,  p i l low 
lavas , tuffs , quartzites) ind icat ing an oceanic crust i n  
parts of the  basin du  r ing the  Jurassie Period . Although 
in  the Penninie trough Sedimentation Iasted without 
major breaks from late Carbon iferous to late Creta
ceous t ime,  the c l i max occu rred during deposit ion of 
the Bündnersch iefer Formation during Jurassie t ime.  
Th is formation comprises d ifferent l ithologies, ranging 
from quartzites to phyl l ites, calcareous mica schists,  
g reenschists,  breccias, marbles , calcareous phyl l i tes,  
garnet-beari ng schists,  and other metased iments 
that were strongly deformed and metamorphosed to 
medium-grade du ring the Alp ine Orogeny. ln another 
part of the Penninie Zone ,  however, the orig inal Varis
can basement was sti l l  preserved and is represented 
by various pre-Variscan crystal l ine rocks and huge 
volumes of Variscan granites that intruded the sur
rounding Paleozoic parasequences . 

l n  Austria, the equivalents of the Pennin ie Zone are 
generally buried underneath the huge, flat ly ing thrust 
sheet of the so-cal led East-Aip ine Nappe System .  A 
few exceptions, however, do occur in which the cor
responding rocks are exposed , e .g. , in the Engadin 
Window of western Austr ia,  the Tauern Window in the 
centrat and most impressive part of Austr ia ,  and some 
smal ler outcrops near the eastern spur of the Eastern 
Alps. These tectonic windows offer a remarkable view 
into otherwise buried rocks of continental and oceanic 
crustal or ig in.  l n  the tectonic framework of the Alps 
the Penn in ie  Zone is regarded as the lowermost tec
tonic un it. 

The E a s t-Ai p i ne Nappe Sys te m  represents 
a huge rootless thrust sheet with a very complex in-



ternal structure. ln the nappe pi le of the Eastern Alps 
of Austr ia,  it occupies the uppermost posit ion . De
pending on different models it may be d ivided into two 
or three subun its,  named the Lower, M idd le, and Up
per East-Aipine Nappes. Each is com posed of a pre
Variscan and Variscan basement of crysta l l ine rocks 
or an unmetamorphosed Paleozoic rock succession , 
covered by h ighly varying sed imentary sequences of 
Mesozoic age, d isp layed for example i n  the Radstäd
ter Tauern of the Province of Salzburg or in  the Calcar
eous Al ps. 

ln  the Eastern Alps the C a l c a re o us A l ps form 
the most impressive landscape, result ing from dif
ferent types of l imestones , dolomit ic rocks , and 
shales ,  and their tectonic juxta- and Superposit ion .  
General ly, t h e  Upper Permian clastic sequence pas
ses into p latform and deep-water carbonates in the 
Lower Triassie strata; h igher in  the success ion several 
shaly and arenaceaus sed iments of varying th icknes
ses were deposited du  r ing Jurassie and the Early Cre
taceous t ime. l n  addit ion ,  repeated deepening and 
shal lowing events caused strongly varying and partly 
d iachronaus environmental condit ions that are docu
mented in a wide range of depositional features , l i ke 
lagoonal , reef, reef-slope, and deep-water l i me
stones. East-west, the Calcareous Alps extend in an 
up  to 50 km wide, 500 km lang belt. from the outskirts 
of Vienna to the Rhätikon range in the Provi nce of 
Vorarlberg . C lear evidence for extensive horizontal 
movements of the Calcareous Al ps is provided by a 
series of smal l  tectonic windows showing the underly
ing rocks of the Flysch Zone up to 20 km south of the 
northern marg in of the Calcareous Alps. 

Stratigraph ical ly, the Calcareous Alps are l inked to 
the underlying G r a y w a c ke Z o n e, d isplaying a 
foss i l i ferous sequence of Early Ordovician to M iddle 
Carboniferous and local ly a lso Late Carbon iferous 
ages. ln parts of Styria and Lower Austria, th is zone 
can be further subd ivided into two nappes named the 
Noric and Veitsch Nappe, respectively. 

l n  the western and eastern part of Austria south of 
the Graywacke Zone, a l arge area is  occupied by d if
ferent igneous and metased imentary rocks , most of 
which were metamorphosed during the Variscan 
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Orogeny. Recent research ,  however, ind icates a major 
Alpine overpri nt in certain areas. Local ly, these com
plexes grade into weakly metamorphosed fossi l -bear
ing lower Paleozoic series , e.g . ,  the famous fossi l i fer
ous sequences in the vici n ity of Graz, the area araund 
M u rau in  western Styria, and in  Middle Cari nthia. ln  
th is reg ion the Paleozo ic sequence is unconformably 
overlain by Upper Carboniferous meta-sandstones , 
Permian red beds,  and Triassie dolomites and I ime
stones known , for example, from south of l nnsbruck, 
the Krappfeld area, St . Pau l ,  the surround ings of Grif
fen , and from other parts of the Gurktal Nappe of 
Carinthia and Styria .  Moreover, a considerab ly thicker 
and s l ightly vary ing Triassie to Cretaceous succession 
is recorded in  the Northern Karawanken Alps and the 
so-cal led Drauzug of Carinth ia and Eastern Tyrol .  
E lsewhere, however, with in crystal l ine complexes un
fossi l i ferous metased imentary interca lat ions occur. 
Th is suggests caution regard ing whether the base
ment-cover relat ionship is of Stratigraphie or of tec
tonic nature. 

The southern boundary of the East-Aip ine Nappe 
System is formed by a very prominent fault system 
that dissects the whole Alpine mountain chai n ,  from 
the Thyrren ian Sea to the Carpath ians.  ln Austria the 
local names Puste r t a I F a  u I t a n  d G a  i I t a I 
F a  u I t ,  respectively, are appl ied. Associated with th is 
vert ical  or steeply south-d ipping fault are several mi
nor granit ic to tonal it ic intrusive bodies of apparently 
Alp ine age. Concern ing lateral movements , in recent 
years convi ncing evidence has been presented in fa
vour  of s ign ificant dextral d isplacements along th is 
fault system . 

The area to the south of the Gai ltal Fau lt. i . e. , the 
Carn ic  and Karawanken Al ps, belongs to the 
Sou t he r n A I  p s .  Bounded by ltaly and S lovenia on 
one side and Austria on the other, an up to 1 0 km wide 
belt consists of Paleozoic strata that have lang been 
famous for thei r r ich content of fossi ls and the d iversity 
of rocks rang ing without major unconformit ies from 
Ordovician to Late Permian in age. ln short ,  they re
present the sed imentary basement of the Mesozoic 
development of the Southern Alps of Northern ltaly 
and the D inarides. 

The Geodynamic Evolution of Austria 

D n recent years a set of new data has been provided 
from different Earth-science-related sources that 

sheds new l ight on the geologic h istory of the Alps in  
general and the Eastern A lps and the Bohemian Mas
sif in part icu lar. Appl ication of p late tectonics, inc lud
ing the terrane concept , addit ional and revised bio
strat igraphic, geochronologic ,  and paleomagnetic 
data, as wei l  as paleoenvironmental stud ies of rocks 
and fossi ls ,  not only confirmed the already exist ing 

mobi l istic models about the geodynamic develop
ment of the Alps but g reatly expanded these ideas. ln  
fact, these new approaches suggest an odyssey by 
Austria nearly halfway araund the g lobe during the 
past two b i l l ion years. 

The oldest unambiguous biostrat igraphic data 
avai lable ind icate an Early Ordovician age for pel it ic 
sequences of the Graywacke Zone. Older age assign
ments based on acritarchs suggest deposition of 
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black shales which were metamorphosed into the 
sch ists of the Habach Formation of the Hohe Tauern at 
approximately 600 m . y. ,  but these find ings are not un
animously accepted . Nevertheless, there is further 
evidence of crust-forming events in  the late Protero
zo ic :  for example ,  Ar-Ar age spectra of detrital musco
vites col lected from Late Ordovician age clastics in
d icate a formation age as old as 600 m.y. These data 
are constrained by Rb-Sr and U-Pb isotope ages in 
h igh-grade metamorphic rocks of d ifferent places in 
the Eastern Alps, inc lud ing the Hohe Tauern reg ion .  
The metamorphic rocks are explained as deriving from 
thermal events and volcanic activity in an is land-arc 
sett ing between 500 and 670 m. y. , and by magmatic 
events recorded in  mu lt ip ly zoned detrital z i rcons of 
metased imentary rocks of central Europe that reveal a 
complex geological h istory. The chronology of these 
events suggests contemporaneity with thermody
namic events of northern Africa, and more precisely, 
with Pan -African orogenetic events . Hence, during 
the Proterozoic Eon,  parts of Africa can be considered 
as the provenance for sed iments of the "primit ive" 
Alps, and also a connection with the supercontinent 
Rod in ia  may have existed that formed araund 750 
m.y. Subsequently, Rod in ia  sp l it into several asym
metrical ly rift ing p lates with interven ing new oceans ,  
in  part icular the Proto-Pacific Ocean between Lauren
t ia on one side and East Antarct ica and Austral ia on 
the other. F inal ly, in  latest Precambrian time at approx . 
550 m . y. several disrupted p lates col l ided to form the 
superconti nent Gondwana, which was separated 
from S iberia,  Balt ica, and Laurentia by the lapetus 
Ocean and the Tornquist Sea. in this new plate organ
isation the precursors of the Alps were part of the 
European shelf and located at approx . 1 5° to 20° 
southern latitude. Although for this period a near-
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equatorial sett ing is impl ied for the Alps ,  no d i rect 
evidence of related warm-water sediments has yet 
been found in Austria, in cantrast to the surrounding 
areas of Sard in ia ,  Southern France , and Germany. 

The breakup of Gondwana during early Paleozoic 
t ime resu lted in  a poleward sh ift ing of Africa . At the 
same t ime, its northern port ion was affected by frag
mentation processes , creat ing several m icroplates 
that spl i t  off from Africa, e. g . ,  Avalonia,  Perunica (the 
Bohemian Massif) ,  the Armorican- l berian Massifs , 
and also those that later formed the Alps. For the fol
lowing period , from Ordovician to Garben iferaus t ime ,  
paleomagnetic, l i th ic ,  and faunal data from Paleozoic 
strata of the Alps indicate a gradual drift towards lower 
latitudes. Col l is ion of ind ividual m icroplates started in 
Late Devonian time and caused deformation and me
tamorphism in  a central axial zone .  The final closure of 
intervening ocean basins,  however, occurred during 
M iddle and Late Garbeniferaus t ime when the Varis
can orogeny reached its paroxysm .  in this newly as
sembled supercontinent Pangea the major part of 
Austria was located in  an equatorial posit ion .  

Accord ing to  F. NEUBAUER ( 1 994) , V. HöCK et  al . 
( 1 994) , and others, the post-Variscan h istory can be 
brief ly summarized i n  terms of a two-stage col l is ional 
model. Recently new radiometric data i nd icate that 
rift ing processes had begun in the Permian and af
fected the crystal l l i ne Variscan basement upon which 
the major part of the sed i ments of the Calcareous Alps 
were deposited during Mesozoic t ime. Associated 
with these events were basalt ic dykes that were meta
morphosed to eclogites during the Alpine overthrust
ing. in the M iddle Triassie Period continuous rift ing led 
to the opening of the "Hallstatt- Mel iata Ocean". Th is 
narrow ocean was bordered to the north by the pass
ive southern marg in  of the East-Aipine Rea lm to the 

stable Afriea -

north and by the South -Aip ine 
block (F ig .  2) . 

During the Early to Midd le 
Jurassie Period , north of  th is  
area and adjacent to stable 
Europe,  the Pennin ie Ocean 
opened and establ ished another 
passive marg in .  As a conse
quence, the neighbouring East
Aipine microplate d rifted south
ward and the Hal lstatt- Mel iata 
Ocean began to close between 
1 60 and 1 50 m .y. , i . e . , in Late 
Jurassie t ime.  

Fig . 2 .  
Model of  the early Alpine tectonic 
evolution in  the Eastern Alps and 
Western Carpathians. 
Modified after NEUBAUER ( 1 994). 



Fig . 3 .  
Post-collisional evolution o f  the Eastern Alps. 
Modified after NEUBAUER (1 994). 

Next , from the Late Jurassie to the middle Creta
ceous Period , i . e .  between 1 40 and 90 m . y. ,  the 
South-Aipine and the East-Aipine microplates col
l ided and produced the so-cal led " Early Alp ine" or 
"pre-Gosauan" overrid ing tectonics and imbrication 
of th in crustal wedges . This pi le of nappes consisted 
of pre-Variscan and Variscan basement rocks and 
their post-Variscan Perm ian and Mesozoic sedimen
tary cover. However, the associated oceanic crust of 
the former Hal lstatt-Mel iata Ocean was almost com
p letely subducted . The result ing accret ionary wedge 
started to sh ift northward and closure of the Penn in ie 
domain began.  Dur ing th is f ina l  phase,  between 80 
and 60 m . y. ,  the Penn in ie  ocean ic crust was contin
uously subducted below the continental crust of the 
East -Alp ine b lock, causing h igh-pressure paragene
sis and formation of eclog ites fol lowed by b luesch ists 
in a later stage. At the same t ime, the northern trough 
was characterized by flysch-type Sedimentat ion .  

At the end of Eocene t i me, the Penn in ie Ocean was 
completely closed and subducted. The whole Pennin
ie realm was covered by the East-Aip ine nappe, caus
ing a younger thermal event wel l -known as "Terti ary 
Tauern metamorphism". Final ly, the East-Aipine block 
docked to stable Europe. 

Post-col l i s ional processes inc luded a considerable 
north-south shorten ing by contraction between the 
Adriatic " i ntender" and the northern Alpine foreland . 
There was also upl ift of metamorphic core com plexes 
fol lowed by exhumation of the Tauern Window,  and 
sim ultaneaus d ifferential eastward escape of d ifferent 
tectonic un its along a s in istral wrench corridor and 
along the dextral Gai ltal Fault and its continuation, re
spectively (Fig. 3) . This l ateral d isplacement may be 
up to 450 km.  Accord ing to paleomagnetic data, the 
escape was a very fast process, s ince a l l  s ign ificant 
movements ended at 1 6  m.y. in  m id- Miocene t ime.  

As the result of  c rustal extension during the 
Neogene Period , several sedimentary basi ns, such as 
the Vienna,  the Styrian, and intra-Al pine bas ins ,  were 
formed . These eastern basins are characterized by 
N eogene volcanism and are genetical ly related to the 
extensive volcanic reg ion of the Carpathian arc and 
the Pannonian Basin of Hungary. This volcanic activity 
is assoc iated with subduction and back-arc extension 
or ig inat ing from col l is ion between the Alps and the 
European p late. ln  eastern Austr ia, three types of vo l 
can ics can be recogn ized. 
0 ln the Karpatian to lower Badenian Stages of the 

M iocene, the oldest volcanic rocks occur and are 
represented by calc-alkal ine volcanics of tra-
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Stable Europe 

chyandesit ic- latit ic composition such as at Gle i
chenberg, Weitendorf or Kol ln itz. 

8 The second volcanic phase occu rred between 
1 1  . 5  and 1 0. 5  m.y. during the early Pannonian 
stage of late Miocene t ime, and is represented by 
the "d iabase" of Paul iberg and the alkal i  basalts of 
Oberpu l lendorf. 

E) After a period of inactivity, a Iang- Iast ing , very act
ive effusive and pyroclastic phase occurred du r ing 
late Pl iocene t ime at Klöch ,  Wi lhe lmsdorf, Mühl
bach, and Unterweissenbach .  l n  these rocks the 
total alkal i  content is cont inuously increas ing .  Ra
diometrie ages of these youngest volcanics range 
from 3. 7 to 1 . 7 m . y. thus representing the young
est volcan ic  episode of Austr ia ,  during the earl iest 
Ple istocene.  This late volcanism is related to ex
tensional condit ions of continental rift ing associ
ated with therm ic subsidence of the Pannonian 
Basin .  

Austria's Iandscape today is  main ly t h e  result o f  the 
last g lacial epoch (D. VAN HUSEN , 1 987) . During its 
c l imax,  the Alpine val leys were fi l led with extensive , 
over 1 000 m th ick g laciers. Even the h ighest peaks 
were iee-eavered nunataks. Barrier effects at val ley 
junctions a l lowed ind ividual ice streams to move over 
smal ler watersheds to join  other less-developed glaci
ers and tagether spread as piedmont g laciers far into 
the foreland (e .g . ,  l nn  and Salzach g laciers) . Further 
east, due to decreased preci pitation and elevation , 

II 
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glaciers termi nated within the mountains (Enns, Mur, 
and Drau g laciers) or were reduced to smal l  val ley or 
c irque g laciers in  the easternmost part. 

ln many parts of the Alps there is p lentiful evidence 
of g lacial erosion and deposit ion ,  such as pol ished 
and striated surfaces , roches moutonnees and 
U-shaped val leys , d ifferent types of moraines, kame 
and river terraces. There is good evidence of four 
phases of g laciation with intervening warm i ntergla
cials in the Austrian Alps ,  the last one being the Würm 

g lacial period , which Iasted from approx. 1 1 0 , 000 to 
1 0 ,000 years before the present. 
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