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Abstract,: The  first radiometric age for t he  Ncuqu6ii Croup, based on fission-track analysis made on ail ash- 
flow tuff a t  the base or Lhe IIuincul Fomacion. is  reoorted iil this moor. The radiome!ric a m  offers a more 

age o f88  i; 3.9 My This value suggost Lhat  he i!nincul Forination was deposited botwerii ail ago range ii.orri 
84.1 t o  91.9 My, chat is froin the  biise .if the Turonian to the  top of tho Sanlonian. 
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Because of its areal extension, thickness and 
fossil tetrapod abundance (see Leanza el al., 2004), 
the Neuqudn Group is one of the most important 
Cretaceous contincntal units in Soutli America. 
I t s  beds, widely exposed in  nor thwestern 
Patagonia, have been explored since the end of 
19th century particularly in  the search for 
vertebrate remains. The Neuqn6n Group contains 
a wide variety of different groups of tetrapods, 
mainly reptiles, which currently represent the 
most complet,e and chroiiologicaliy comprelieiisive 
sequence of Cretaceous continental  fossil 
asselnhlages in she Southern contiiients. Due to 
its ahuridance in dinosaur remains, Kejdel(1917) 
originally termed these beds as -Estratos con 
Dznosaurios.~~ However, the age of the entire 
Neuqueu Group, as well as each of its constituent 
subunits, is Far fkom settled and mostly relies on 
the limiting ages of the under- and overlying 
marine formations, as well as on sequence 
stratigraphy analysis (Legarreta & Ijliana, 1998; 
Letinza, 1999; Leanza & Hugo, 2001, Ilugo & 
Leanza, 2001). 

Although magnetostratigraphic data were 
obtained for the upper part of the Neuquen 
Group ( D i n ~ i s  et al., 2000), rocks suitable for 
dating by radionletric methods in the Cretaceous 
contincntal strata of the Neuqubn basin were 
almost unknown. The exception is the tuff level 
reported by Ramos (1981) ftom the Anacleto 

ForrnaLion a t  Cerro 10s Overos iNeuqi16n 
Province), but this rock level still awaits to be 
radimetrically dated. Here we oCfer for the first 
time a fission-track age for tile Neuqn6n Group. 

GEOLOGICAL AND PALEOXTOLOGICAI, 
SETTINGS 

Tile Neuqu6n basin is localed in west central 
Argentina and eastern Chile between 34" and 41" 
S. In Argentina, their outcrops are exposed in the 
provinces of NeuquBn (from which it takes the 
name), Mendoza, Rio Negro, and La Pampa 
[Digregorio & Uliana, 1980; Legarrcta & llliana 
1991; Gulisano & Guti6rrez Pieiriiling, 1995). The 
Ncuquen Group (Stipanicic et al., 1968) in this 
region lies between the Bajada del Agrio and 
Malargue Groups, and is bounded by two major 
regional surfaces recognized as seismic reileclor 
horizons: the iVain Miranican (Aibian/Ceno- 
rnanian boundary) and the Hiiar~traiquican (Mid- 
Campanian) unconibrmit,ies (see 12amos; 1981, 
Macellari, 1988, Vergani el al., 1995, Leanza, 
1999). It consists of continental red beds up to 
1,300 m in thickness (Cazau & IJliana, 1973), 
i i~cluding conglomerates, sandstones,  a n d  
mudrocks, dominantly deposited under alluvial 
processes (Legarreta & Uliana, 1998). It i s  
generally accepted that the Neuqu6n Group is 
Ceriomanian to  Ear ly  Campaniari in age 
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Fig. 1. Geological map showing location of the studied arca (down left) and the three places in which 
the ash-flow tuff was studied: 11 Agua de las Vacas, 21 La Piedra Sola, and 3) Cerro Policia hill. 

(Legarreta & Uliana, 1998: Leariza & Iiugo, 2001, 
Hugo & Lcariza, 2001). 

Current subdivision of' the Neuquen Group 
embraces, from base to top, three fining upward 
cycles of continental deposition (Cazau & Uliana, 
1973): Rio Limay, Rio Neuquen and Rio Colora- 
do Subgroups. The Rio Limay Subgroup is made 
up by three  formational units: Candeleros, 
Huincul, and Cerro Lisandro. 

Dinosaur remains discovered in this unit were 
found in different fbssii spots located in a wide 

area around the  Limay River, in t h e  border 
between Neuqubn and Rio Negro Provinces. So 
far, two dinosaur taxa from the Huincul Formation 
have been named: the titanosaurian sauropod 
Argentinosaurus huinculensis (Bonaparte & 
Coria, 1993) and the  abelisauroid theropod 
Iloizelesia aguadagrandensis (Coria & Salgado, 
20001, but there are also abundant remains of 
carcharodontosaurid and ahelisauroid theropods 
(Coria & Curric, 1997; Novas & Bandyopadhyay, 
1999; de Valais et al., 2002), rebbachisaurid and 
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Mexia, Ilugo & 1,eanza (2001) later demonstrated 
that this white level is stratigraphically situated 
iii the lower part of the Hoincul Fnrmat,ion. For 
the purposes of this paper, the tufSlevel lias been 
examined in three localities extending at  least 
10 km around the southwestern extrerriity of 
Meseta de Reuteria rcgio~l (Fig. I ) ,  as follows: 1) 
Agua de las Vacas (S 39' 35' - W 68" 37'; Fig. 3B), 
2) La Piedra Soia (S 39" 36' - W 68" 43'; Fig. 3 0 ,  
and 3) the Cerro Policia hill (S 3!3Q 40' - W 68" 
29', Fig. 3A). 

The tuff level, which is interpreted as an ash- 
flow (Ross & Smith, 1960; Llamhias, 2003) was 
collected 16 m above the base of the E-Iuincul 
Formation (see Fig. 2), and il may reach up to 
2.80 m in thiclmess. I t  is composed by reworked 
materials, including a b u n d a i ~ t  glass siiards 
s t rongly a l tered in  zeolites (heulandi te  - 

Conglomerates clinoptilolite series), crystailoclasts of alkali 
feldspars, scarce fermmagnesian minerals* tiny 

30 m 0 Sandstones crystals of Fe-Ti oxides, rutile and zircon. The 
internal structure of the tuff is locally massive, but 

20 m 0 Siltstones more comrnorily shows marked contorted 
lamination suggescirlg at  least local rernohilization. 

Calcareous The basal decimeters have abundant endichnial 
10 m concretions burrows up to 2 cni in dianseter (Fig. 3D). 

Interbedded colored clastic leinses similar to the 
MudrocKs over or undcrlyingsedimerrts arc common. The top 

0 m of the white level is commonly eroded and covered 
Paieosoii~ by microconglomerates. 

VERTICAL Selected zircon crystals oftlse white tufflevel, 
SCALE l u f f s  outcropping at  Agua de Las Vacas site, were dated 

by fission-track method a t  Gcotrack Iristitute of 
Mdhourne, Australia (see Table 1). Fissiois-track 

Fig. 2. Stratigraphic column at Cerro Policia hill, 
showing the position (arrow) of the radiometrically 
analyzed tuff i r ~  thc basal portion of the Huincul 
Formation. 

titanosaurian sauropods (Calvo & Salgado, 1995; 
Calvo, 1999; Salgado et al., 1991; Simon, 2001). 
Basal euiguanodontian ornithopods originally 
rcporled frorn the IIuincul Forrnation (Coria, 
1999) are now referred to the overlying Cerro 
Lisandro Formation (R. Coria, pers. con~m.). 

Characteristics and radiometric age of the 
tuff bed 

Pioneering work of Wichmann (1934) led t,o 
the identification of a white tuff bed at  the Cerro 
Policia (Ria Negro Province),  close to  the 
southern coast of the  Lago Ezequiel Rarnos 

ages were determinad from twenty grains chosen 
from a field zircon crystal coilcentrate. The final 
zircon concentrate comprises a suite of colorless, 
elongate euhedrai grains. The sample shows a 
significant spread of ages, with the followiilg lour 
age groupings (error quoted at the n- 1.0 level): 
271.0 ? 32.0 My (3 gains) ;  157.4 i 17.7 .My (2 
grains); 88.0 i 3.9 My (14 grains); 50.5 I 5 . 8  My 
(1 grain). The youngest group is represented by 
only a single grain and this is regarded as 
anon~alous .  The 88.0  i: 3.9 My population 
dominates the sample (fourteen out of twenty 
grains) and is regarded as the best age estirriated 
for the priniary volcanism, which, according to the 
stratigraphic char t  of t h e  Interriaiioiial 
Commission on Stratigraphy (Gradstein & Ogg, 
2004), belongs to an age near tile Turonian - 
Coriiacian boundary The older ages represent a 
detrital input from surroundirig basement rocks, 
presumably the Jurassic rhyolites fiorn the Marifil 
Formation and the Perrno-Triassic grariitoids from 
the Curac6 Complex (see Hugo & Leanza, 2001). 
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Fig. 3. Different aspects of the ash-[low tuff level in the Huiiicul Formatioi~. A, Cerro Policia hill 
showing the white tuff level (arrow). B, the white tufllevcl (1.20 m thick) as expossed a t  the Agua 
de las Vacas site. C, tile white tuSY'level (2,80 m thick) a t  the La Piedra Sola locality. U, abundant 
endichnial burrows, up to 2 cin in diameter, prescut in the basal decimeters of tlie while tuff at the 
Cerro Policia site. 

'Table 1. Analytical values for the group ofselected 14 zircon crystals. Pooled age= 88 ? 3.9 My 

Niiniber of spoiitaiieous tracks in Ns grid squares 
Number of induced tracks in Na grid squares 
Spontaneous track density = NsIiNu lama of basic unit) 
Induced track density = h'l/(Na ^ area of basic unit! 
Ratio (KslKi) = Cranium contciit of each graiii 
(=C coriteiit of standard glass " r,/r) 
Fission-track age , calculated using i l ~ e  equation B1 
Area of ione microscope eyepiocc r i d  square 
~"parailietet. , uscd to vssoss vuriatiori ofsinglc grain agos within 
thc sample 
Probability of ohraininz obscrved c' valua for the relcviilit numbel. 
ol'dcgrre of freedom, if nil grains helong ti] a single population 
'A variation in singlc grain ages 
l'oolcd rmio, total spontnrieous tracks divided bit total induced tracks 
for all grains 
Moan of (NsINi: for individiial g a i n s  
Agos calcuiaied using a zeta or 87.7 t 0.8 for U3 glass 

Ss = 2457 
Xi = 1197 
r, = 7.596E+06 
r, = 3.701F:+06 

U (ppn,) = 
F. 'T. Age (My) = 
Area of basic unit = 6.293);-07cm-2 

c Z  13.155 with 13 frecdorn 

P(c2! = 43.6% 
Age dispcrsioli = 2.449% 

Ss/Ni = 2.053 ? 0.072 
Mevri radio = 2.105 i 0.085 

r ,,,,,,,,~,,x:,, ND = 1548 

CONCLIJSIONS authors (i.e., Cnlvo, 1991, 19991, whereas others, 
on the basis of stratigraphic corlsiderations, 

Ttie age of the Candeicros Yorrnation was in terpreted the  age of th is  unit  a s  Early 
considered on the basis of its tetrapod content Cenomaniail (i.e., Vcrgani el al., 1995; Legarreta 
as Albian - Cenoinariian or even Alhian by sorric & Uliana, 3998; Leanza, 1999). The overlying 
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IIuincul Format ion  was tenta t ively  ascrilicd t o  
t h e  La te  Ccnornarlian, ant i  the Ccr ro  1,isandro 
Format ion t o  t i le L a t e s t  Cenoniar l iar~ - E a r l y  
Turorliall (i.e., Learlza & IIugo, 2001; Leanza  e t  
al., 20041. According t o  t h e  p resen t  resul ts ,  Lhc 
Tiuincui a n d  Ccr ro  L i sandro  F o r m a t i o ~ i s  u,ould 
h e  y o u n g e r  t h a n  p r e v i o u s l y  t h o u g h t ,  as 
radiometric dat,a i lupiies t h a t  t h e  deposition o r  
t h e  first, iiriit prcsurrlahly start .cd a r o u n d  t h c  
Ear ly  T u r o n i a n .  Never the les s ,  i t  m i g h t  h a v e  
persisted u p  t o  t h e  L a t e  S a n t o i l i a i ~  if we coilsider 
t b c  3.9 My e r r o r  of t h e  radiometr ic  method.  

Howcvt?r, t h i s  upwirrd siliri, in a g e  for  t h e  
Huincul  Format ion  does  n o t  iiecessarily irnply a 
inuch younger  age for t h e  urlderlyiiig Candele- 
ros Forrriation, wliicli i s  L a t e  Cenornaniai i  at. 
least, a s  t h e  similarit ies in  fauiiai  contciits for 
bolh un i l s  may  suggest t h a t  (.he l ime  irivolved in  
thei r  deposition w a s  n o t  significailtly differeiit. 
'Tile age h e r e  p rescn tcd  suppor t s  t h e  view t h a t  
the  Ncuqii4r1 G r o u p  w a s  quickly deposited in  a n  
interval be tween  (Late?) Ccnomaniai l  arid Mid- 
Campan ian .  

T o  M i k c  Ti iomson for  improv ing  a n  ea r ly  
vcrsiorl of t h i s  m a n u s c r i p t .  Fie ld  t r i p s  to  she  
studied a r e a  were  suppor ted  b y  t h e  Agencia Na-  
, . I !  1, I '  8 . .  < .  . t ! ! . . .  I . i l .  . 8 . .  I 1 , .  
:, > . I , . . . .  \ A t  . , . . ! ,>, !. . .  . ,, . < ,  I l b > . \  , , : . :  I .< 
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Policia t o w n  T o  Ricardo Melchor a n d  Rodolfo 
Coria  for ins igh t fu l  cornriients o n  an ea r l i e r  
version of th i s  manusc r ip t .  
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