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ZIRCON IWSION 'I'HACK 1)A'I'ING ~ 1 ~ ' l I l E  IIUACIION ~;ltANl'll3 FHOM 
THE EASTERN COHDIL1,ERA OF CENTRAL YERU : EVIDENCE FOR 

LArE PALAEOZOIC AND LATE JURASSIC COOLING IWENTS. 

Zircon  fission  track  ages of three  samples 
from the Huachon  granite (75" SSW and 10" 40's) 
which lies i n  the  eastern  Andes of central  Peru, 
approximately 200 k m  NE of Lima (Fig.1) are 
presented. The  purpose is to constrain  the age of 
emplacement  of  the  pluton  and  to  improve  the 
knowlcdgc of the  uylift  history of the  Eastern 
Cordillera of central  Peru  where  no F-T studies of 
uplift  have  been  made.  Apatite  dating  has  also  be 
made in this study, but  it is  not  considered  in  this 
paper (*). The time  scale of Odin & Odin (1990) is 
used  here  and al1 calculations  and  discussions 
assume a  geothermal  gradient of 30 O C/km. 

GEOLOGICAL SETTING Fig. 1 : Location of the  study zone 

'I'he Andes of central Yeru are  made up of the Western  and  Eastern  Cordilleras  that 
reach  elevations of more than 6000 m  and 50001~1, respectively  (Fig.1). In the study  area, 
the  two  ranges  are  separated by the 50 to 100 km wide  Altiplano  which  attains a height of 
approximately  4000m. 

Fig. 2 : Gcological sketch map of 
the Huachon area  and location of 
the samplcs (stars). 1 : Pucan Group 
(Triassic and Liassic limcstoncs); 2: 
Mitu Group  (Pcrmian  and Triassic 
rcd heds); 3: undil'lcrcnciatcd l o w  
to intcrmcdiatc  mctamorlic  rocks of 
Lower Palacozoic and  Prccambrinn 
agc; 4 : compositc batholitIl 
including Prccambrian to Andcan 
grani tcs. 
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Zircon  grains  were  reeovered  using  heavy  liquids  and  magnetic  separation. F-'I' agcs 
of zirco~ls  were deterlninecl  using the exter~lal  detector metl~otl (Naeser  1976, 1979). 
Zircons  were  prepared  (Gleatlow ct (11. 1976) and irradiated along with neutron dose 
monitors (LI-doped glas SMM 962 for zircon and  sphene)  (Carpenter & IPeimer 1974) i n  
the LJ.S.Geological Survey reactor i n  Ilenver,  Colorado. 'I'herrnal neutron  dose was 
determincd froln the track dcnsity i n  calibrated  muscovite  detectors that covered the glass 
standards  during  the  irradiations. Agcs were  calculated  using  the zcta rnctllod  of 
calibration  and  ealculation  (Hurford & Green 1983) and the  following agc standarts : Fis11 
Canyon 'l ' llffq 'I'ardrec  Rhyolite, :Inri H u l u k  'l'uff. Ilncertainty i n  the age was c:~lculntcd by 
cornbining thc I'oisson errors  on  the  spontaneous and induccd  track  counts, and the traek 
counts in the  detector  covering  the  dosimeter  (McGee et al. 1985). 
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Fig. 3 : Probability  dcnsity 
distribution l'or al1 zircons datcd lion1 
thc thrcc  sarnplcs ol' thc Huachon 
gwnitc. Tllc solid rcclanplcs rcprcscnl 
cach individual grain annlyscd. 
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CONCLUSIONS 

The "Itlaximum" age at about 270 Ma (Fig.3)  suggest an important  late  Lower 
I'ernliat1 coolitlg stage (Ilat we itllerpret a s  the  etnplacenletrt agc of the Iluachon granite. 
The F-'1' ages of' the  zircons  are  compatible  with  the  minitnum  ages of 202 and 151 Ma 
obtained by Bonhomme  (in  Soler 1 9 9 1 ) .  The F-T ages  suggest that i t  was ernplaced at a 
depth  where  the  temperature  was  between -150°C and -250°C during  the  Permian  and 
remained  at  that  depth  (temperature)  until a cooling  (upliftlerosion)  episode -160Ma. 
Residence of the  samples in  this  temperature  range  would  permit  the  annealing of the high 
uranium  grains, while  the  tracks  remained  stable in  the  lower  uranium  grains. 

'The zircon  data  indicate  that  approximately  50"C-I00"C  cooling  took  place at 
zzl60Ma. This event cooled  the  rocks  to a temperature  where  tracks  were  retained in the 
zircons (<175'").  'This ternperature  was  between  -120°C and =200"C.  Assuming  a  closure 
temperature of 200" f -W"C for zircon and a  geothermal  gradient of 30"C/krn, this indicates 
a period of cxhurnation arld up to 3 km of materiel  were rerrluved from the ruuf of thc 
Eastern  Cordillera at this tirne. 

Geological evidence of this Jurassic uplift event is recorded in several regions of 
Fera. In  the eastern  Andes and the  Altiplano of central  Peru,  an  important  late-Middle to 
Late Jurassic uplift  event is recognized by a  lack of sedimentalion  during  the  Bathonian 
and  Malm  and  strong  erosion  after  deposition of the  Chaucha  forrnation of Bajocian age 
prior  to  the  deposition of the  Goyllarisquizga  formation,  whose  base is thought to be 
'I'ithonian to Berriasian i n  agc  (Mégard  1978; Moulin 1989). 'Ihis event has been assigned 
to  extensional  faulting  related  to  Nevadian  movements by MCgard (1978). The total 
thickness of post-Hercynian  to  Bajocian  continental  and  marine  sedirnents  covering  the 
Eastern  Cordillera was over 2-3 km. Evidence of this  Jurassic  uplift event is also recorded 
in the  IJppcr  Sarayaquillo  formation  which  outcrop  approxirnately 1 Wkrn east of the  study 
area,  in the Subandes. 'The Sarayaquiiio  formation,  thought to be Bathonian to Malm in age 
(Koch 1962; Mégard 1978),  consists of several  hundred  rneters of thick red sandstones  that 
grade  upward  into  very  coarse  conglornerates (10 to 40crn clasts).  I'hese  conglomerates 
beconle  progressively  finer  and  thinner Io thc east. Field  observations  (I,aubachcr, 
unpublished  data) show thnt the  lower  strata of the  conglomerates  contain  a fcw limestone 
clasts  from  the  Pucara  Group  (Late 'I'riassic and  Early  Jurassic)  and  abundant  volcanic 
clasts  of the Mitu Groop (I.ate Perrnian to Early 'I'riassic). 'I'he clasts in  the conglornerates 
grade  upward into signif'icant percentages of quartzite  and  limestone  derived  from the 
Tarrna  and  Copacabana  Groups  (Carboniferous to Lower  Permian).  The  upperrnosl 
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conglorneratic strata contain otlly a few lirnsestone clasts but large amounts of metamorphie 
and igneous  clasts  derived frorn Lower  Palaeozoic  and  Precambrian  rocks.  Stream 
directions and petrogaphy of the conglomerates i n  the Sarayaquillo forrmation indicate a 
western source whieh was approxirnately at the location of the present Eastern Cordillcra 
area. 'I'he clnsts in the Sarayac~uillo formation record progressively decper erosion of the 
pre-Andean basernent. 'I'his provides evidence  for a progressive and plurikilometric uplift 
of the Eastern Cordillera whieh was probably related either to a  strong normal faulting or 
to a left-lateral transform offset of the Peruvian margin (Jaillard et al. 1990) reactivating 
old. possilply Hcrcynian, structures. 

In  sunsrmary, the  zircon  data  indieate that the  Huachon  granite  emplaced at 
approxirmtely 2'70Ma and that _ W " C - l ~ @ ' c  cooling took place in the Eastern Cordillera at 
about 160 Ma. 'I'his latter event cooled the Huaehon granite to a temperature where traeks 
were retained in the zircons (e175"C). The cooling indicate up to 3 km erosion of the roof 
of the Elstem Cordillera in central Peru at about 160 Ma. This exhumation event correlates 
w i t h  upl i f t  and tectonism i n  the Fastcrn Cordillera a n d  deposition of coarse congloltlerates 
in the Subandes of central Peru during Bathonian 60 Malrn times. 

Cnrpentcr, B.S.. 86 Rcimcr, G.M. 1974. Standard rclercncc nlatcrials : calibratcd g las  standards for lission- 
track use. National Bureau o f  Standards, Spccial Publication 26t)-49, 16 p. 

Dalmayrac, B., taubacher, G . ,  & Ma~,ucco R. 1980. Caractercs gfnfraux de I'fvolution  gbologique des 
Andcs P&xtvienncs. W r t w r x  rl Ibcrcrtrtwts, 12% ORSTOM, 411 p. 

Gleadow, A. J. W., Hudord, A. J., & Quail'e, R. D. 1976. Fission-tnck dating 01 zircon: Improved etching 
techniques: I<mtl1 nrtd I'lnnetory Sriertce I.c-1ter.y ,33,273-276. 

Hurford, A.J., & Green, P.F. 1983. The zeta age calibration of fission-track dating. Chemical Geologg 
(kolopc GccPscicncc Seclion), 1, 28.53 17. 

Jaillard. E., Solcr, P., Carlicr, G., & Mouricr, T. 1SIs.I). Gccdynamic cvolution o f  thc nortllcrn and central 
Andes during carly to rniddle Mcsomic limes : a Tcthyan mtdcl. Jorrrrrtrl of Ihe Geolo'ogic.al Soriely, 
~ ~ ~ l l ~ i ~ ~ l l ,  144, IfXFI- 1032. 

Koch, E. 1962. Die Tcktonik im Subandin dcs Mittcl-Ucayali  Gcbictcs,  Ost-Pcru. (koleklorrisclw 
I,brsc.lrrrrtgen. 15,Stuttg:lrt. 67p. 

Mdgard, F. 1978. Etudc gdologiquc des Andcs du Pdrou ccntral. Mcfttzoire 86, ORSTOM, Paris, 3 IOp. 
Mfgard, F., Dalmayrac, B., Laubachcr, G . ,  Marwco, R., Martioe/., C., Parcdcu, J., Tomasi, P. 1971. La 

chainc hercynienne au P h u  cl cn Bolivie, prcrnicrs rfsultals. Cnhier OIZS7UM,  s8ricJ (;8olo,yie, 111 

MCgard, F., Noble, D.C., McKcc, E.H., & Bcllon, H. 1984. Multiple  pulscs of Neogcnc ccmpressive 

McGcc, V.E., Johnson, N.M. & Nacscr, C.W. 1985. Sirnulatcd I'issioning o f  uranium and lesting of thc 

Moulin, N. 1989 .Facies ct sfqucnce de dfpjl  dc la platclcmnc du Jurassique moyen  I'AIbien, cl unc coupe 

Naeser, C.W. 1976. Fission-track dating. U.S. Geological Suneg Open-File Report 76-198.65 p. 
Nacscr, C.W. 1979. Fission-(rack dating and gcologic anncaling of fission tracks. In: JIgcr, E. & Hunziker, 

Odin, G.S. & Odin, C. 1990. l3hcllc numfriquc dcs temps  gCologiqucs. (;&o(~/Lrolriqrw, 35, 12-21. 
Solcr, P. 1991. Contribution h I'Ctudc du magmatismc awc'i6 aux marges activcs. P&rographic, g6cxhimie 

et gCochirnic isotopique du magmatismc Cr6tacC 3 Plitxhc le long d'une transversale des Andes du 
PCrw central. Implications g6cdynanliques et mCtallogCnCtiqucs. T h h c  Dr Univ. Paris VI, P. & M. 

Soler. P. & Bonho~nmc,M. 1987 . DonnCcs radiologiqucs K-Ar sur Ics graniloidcs de la Cordilltx oricnlalc 
des Andcs du Wrou ccntrd, In1plicutions tcctoniqucs. Comptcs rendus heMomadaircs de I'AcadCmie 
des Scicnccs de Pais, ( I I ) ,  304,841-845. 

(l),5-44. 

dcfomation in the Ayacucho intcrmontanc basin, Andes o f  central Pcru. 95, 1108-1 1 17. 

fission-track dntinp nlcthtnl. Nrdenr ?kat&s nrtd I&zdirr~iort ~~t~nsrrrc~rn~rrls. 10. 365-379. 

structurale des Andes du P6rou central. USTL, Montpdier. ThEse Dc~cloral, 287p. 

J.C. (cds), Im'lrrres itt I.so/ope Geology. Springcr-Vcrlag, Bcrlin, 1-54 168. 

curic, 815 p.. 


