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ABSTRACT. eian o iai igneo o oing o in e oaa and ona odiea in noen ie 
eeen 200 and 3015 ae ong een ineeed o eeen  od o agai eaed o an eeniona 
eoni eing eie a e e o a anaei o aenoei ane deoeion eing in a aie 
oninena agin. ig-i ae o oni 1 and oani 25 o o i egion ae aaeied 
eogaia and geoeia. e ae eian o a ai in age  e aoi o e died o 
oeond o e oe o idde iai oa oni oe e oeia o ioan ni in e 
aea. e o ae ae eae ia o aga deied o -inded eing o a deeed ane  
a: oad ange o eogai ooiion i edoinane o ineediae o aid ee ig oi 
oani o agneie a e e-i oide inea ae enien in  oe  aed deeion in  
a i and  and odeae o no negaie  anoaie. e o e died o ae 10 ae aaine ignae 
and ae eeen onen eeenaie o anoogeni agai. n i o e ooe a dion o an 
oeani ae enea e o eian oninen i eonie o e eoion o e agin o e eian 
o a ai a e died aide.  eiina ineeaion o e agin aiee o e ndean 
agin o e eian o e iai od e a e anoin and oa oni oee eeen 
e oo o a agai a deeoed o e eian o e idde o ea ae iai eea e anao 
ono and ao ano oaion od e e aoe a o  a. e a ooa oaion and oe 
oeia ino e iai inie ni eeen agai od i aaine ignae i 
deeoed iediae eoe e eaien o e agai a in e een-da oaa odiea ding 
e aeian o a ai.

eywod: ac, dcon, e-andean, onal codllea, Geocey.

RESUMEN. Geoquímica de rocas ígneas Permo-Triásicas del norte de Chile (28º-30º15’S): Implicancias en la 
dinámica del margen pre-Andino. a oa gnea de eo-iio e aoan en a odiea de a oa  
ona en e noe de ie ene o 200   3015  an ido ineeada iiaene oo odo de 
agaio aoiado a n aiene eeniona oo e eado de n oeo de anaei oia o ien in de 
ano aenoio en n agen aio. e anaiaon  ea de a ae 1 oeonden a oa nia 
 25 a oa onia a a e e e io na aaeiain eogia  geoia. on de edad ia a 
ia ineio eo a aoa de a ea de oa anaiada oeonden a oeo nio oa de 
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edad iio neio-edio iendo a nidad  ioane en e ea de edio. a ea anaiada ienen 
aaeia ia de aga deiado de in de n ano eoeido oo: aio ango ooiiona 
on edoinio de o oonene ineedio a ido oa onia aaene odia agneia oo ae 
inea inia de e-i enieiieno en eeeno  oe  eoeiieno en  a i   
 odeada a ineiene anoaa negaia de  en a oa ediada agna 10 ienen ignaa aaina 
 onenido de eeeno aa eeenaio de agaio anoognio. n ee aao e oone e a 
din de na aa oenia ao e oninene de daia e eonae de a eoin de agen ene 
e io  e io neio a a aide ediada. na ineeain eiina de a aiea de agen 
ndino dede e io a iio ede e e o oeo nio anon  oa eeenen a 
ae de n ao agio deaoado ene e io  e iio edio a eio iena e a oaione 
anao ono  ao ano odan e oione  eiiae de ee ao. a oain a ooa  
agno eo enoe de inio de iio eio eeenan odo on ignaa aaina o e e 
deaoaon inediaaene ane de eaeiieno de ao agio en a aa odiea de a oa dane 
e aeiano a io neio.

alaa clae: co, dccn, e-andno, odllea onal, Geoca.

1. Introduction

e eian o iai i a onoeia eiod 
o e oeen ondana agin eoion 
ine i i og o eeen a igniian agai 
 a eed o a o dion ae e 
oogeni oae ooing e eian an 
aae oogeni een ai e al., 10 odoi 
and ao 1 odoi and a 12. e 
agai oe od ae anged igniian 
deeaing e a oonen eeen e ae 
eian and e a ai. i ange i 
oed ding e iai i eained  oe 
ao a e eone o a i o dion in 
a oeie eing o an eeniona oninena 
i-eaed eoni eing de o angea ea 
odoi and a 12 e e al., 2014 o a 
eeniona deoaion in e oeiding ae in a 
onino dion eing Ve e al., 2011 
oa e al., 2014 e e e al., 201. 

n e oaa and ona odiea o no-
ena ie e ae eing a a o e nde 
aong e ie-genina ode eeen 220 and 
31  a eae ied aeooi aeen o 
eie eaeo o ioene deoaion on 
iin e en a-dion egen o e 
nde ae geneaed o in- and i-inned 
deoaion in a od-and  e ooo and 
odoi 1 ane e al., 2012 eoing 
age oion o ae aeooi and ea eooi 
aeen eeen 2700 and 3000 ia e al.,
1 aaa e al., 2013 e e al., 2014.  
e geoogia eod eeening e ondana 
and a ndean age o e eoion o e 

o eian agin ae e eoed aog 
ig deoed. n aia ni oing o in 
e eodiea and ona odiea o noen 
ie eeen 200 and 230 ae a good eod 
o i e ie ae io o e ndean dion.

n genina e ae eian o iai eiod 
i aaeied  e ideead agai 
eeened  e oioi go oe oigin ad 
een aied o a anaei de o ioei 
eenion aoiaed o an oogeni oae aa 
and ao 10 aa e al., 13. id eoie 
oani i e doened ni e a iai 
and ooed  ediena i deoi i 
aai o o anoogeni ainiie in e o 
and igaao ain ao and a 11. 

e geoogia aoga o noen ie 
eeen 2700 and 3000 a een daed oe 
e a deade i o eoed a 1:100.000 
ae  e eiio aiona de eooga  inea 
 ene e al., 200 ao 
and ene 200 ooo e al., 2010 aaa 
e al., 2013 eie e al., 2012 eie e al.,
2013 ane e al., 2015 i and eino 2015 
aaa and ooa 201. ee o inde age 
geoonoogia daaae in addiion o eined 
io aigai ni deiniion. n aia 
e ae aeooi o iai o ni a een 
igniian odiied inooaing eea ne 
ni and edeining oe eio non. en 
og eenie oo o aidi oani and 
oani o o e ae aonieo o 
e eian ae eoed in e eodiea and 
ona odiea and  ineeed a eiaen 
o e oioi o. e iai o ni ae 
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oe diee and inde age oni oee 
eoie oani eene o daii o oii 
ooiion oninena o aine ediena 
eene i ino oani oonen and 
oani eene o aai-andeie o oii 
ooiion ee 174 ai e al., 10 
aaa e al., 2013 i and eino 2015 aaa 
and ooa 201.  e deeoen o a 
oninena i ae in e o eian ae 
ding e iai i no a aigoad o 
e geoogia eod in noen ie eeen 
27 and 30 . eoe eenie geoeia 
daa o e iai ni i aing eding 
a eoni ineeaion o e agai o i 
eia ignae.

n i ae e een ne eogaia 
and geoeia daa o eea ae aeooi 
o iai oni and oani ni oing 
o in e oaa 200 -230  and ona 
odiea o noen ie 230 -3015 . 
e geoonoog o ee ni a een eened 
eeee eie e al., 2012 Vain 2014 
Vaeo 2014 aaa e al., 2013 eie e al.,
201 i and eino 2015 aaa and ooa 
201. e ne daa ao  o eie eio 
ode o e eoni eing o e aeooi o 
iai agai i oe and oee o 
geneaion.

2. Geological Setting

n e oaa odiea 2-2  ig. 1 
e aeooi aeen i eeened  e 
eonian o eian na de oo eaoi 
oe ooed  iai and eaaie 
eie e al., 2012 and aaa ieaoi 
oee i oni ain o eaidie 
and eaediena o odo and aa 
1 and e aonieo o eian ano 
de ooae ed eie e al., 2012 201. 
e ae i a ediena o eene ain 
oninena deoied in a dea enionen i 
oia oani deoi eie e al., 201. 
ee aeooi ni ae nonoa oeaid 
 iai o o e ano de ga oaion 
a geogaia eied ediena eene 
and e oani ai o inded in e a 
ega oaion and inded  eea oni 
oee anging in age o e e iai 
o e oe eaeo ene e al., 200 

ao and ene 200 eie e al., 2012. 
ong e ode eooi inie ae e aia 
ao oni oe a ie o dioie a 
dioie ganodioie and ganie onded  
noni noa a and an age ange eeen 
20 and 20 a e godone anie ooed 
o onoganie and ganodioie o 203-1 a 
and onded   aioe onie ene 
e al., 200 ao and ene 200 eie 
e al., 2012 and e eada a Vaa onaie 
ooed o onaie and a dioie anging 
in age o 13 o 11 a ene e al., 200 
eie e al., 2012.  

eea aeooi and eooi ni ae 
eognied in e ona odiea e o eean 
o i o e een d ae ied in ae 1. e 
eian and iai oni ni ae a diin 
aia diiion aong e ona odiea a o 
aae og - ending e. e een e 
oie ennanian o iaian ganioid o 
e ana and anoin oni oee a 
inde ae eonian o iiiian eaoi 
o and eneoneoaneo oani deoi 
ig. 1. e eaen e i ooed ain  
oo o e oa oni oe inding 
eonian eaedien aonieo ganioid 
eian eaoi o and onaie and 
eneoneoaneo oani deoi i ino 
oonen o eian inie. n eeen e o 
e aeed oo o aonieo ganioid 
and ig-gade gnei and eaoni o ae 
ond aaa e al., 2013 i and eino 2015 
aaa and ooa 201 ig. 1.

e ana oni oe i and eino 
2015 eiaen o e ana ni o ai e al.
15 i ooed o eo o eoai oae 
o edi-gained a oiaed ioie and 
aioe onaie and ganodioie anging in age 
o 300 o 20 a ai e al., 15 e e al.,
2014 i and eino 2015. n onini o e 
no e anon oni oe i a ie 
o edi o oae gained ganioid ooed o 
o-ia ganodioie onoganie ioie and 
aioe onaie and dioie a ange o 27 
o 25 a in age aaa e al., 2013. e eada 
 inado onaie ae a oiaed oni 
odie and oeond o onaie and ganodioie 
o aioe and ioie o idde eian age 
272-2 a aaa and ooa 201.  e 
aoeenioned ni ee eio aigned o 
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Sample locality

Fault

Montosa-El Potro Plutonic Complex
(Permian-Middle Triassic)

Pastos Blancos/La Totora/La Ternera 
formations (Upper Triassic)

San Félix-Canto del Agua formations
(Lower- Middle Triassic)

Guanaco Sonso Formation
(Upper Permian-Lower Triassic)

Middle-Late Triassic Plutonic Complexes :
ChoPC, LG, CG

Paleozoic plutonic complexes: GPC, ChPC, QEPT
(Late Carboniferous - Middle Permian)

Metamorphic Complexes 
(Carboniferous - Permian)
Llano de Chocolate Beds
(Carboniferous-Lower Permian)

Intrusive units: MG, LTG, CBPC, AG 
(Late Triassic-Early Jurassic)

N

E

S

W

0 50 km25

70°W

70°W

71°W

71°W
28°S

30°S 30°S

La Serena

Vallenar

28°S

29°S 29°S

Alto del Carmen

Vicuña

CC FC

PC

30ºS

28ºS

. 1. iiied geoogia a o e died egion inding ae oaion. GPC: ana oni oe ChPC: ano-
n oni oe QEPT: eada e inado onaie ChoPC: oa oni oe LG: a agna ao 
CG: ooado enoganie MG: onegande anie LTG: o io on CBPC: aia ao oni oe 
AG: godone anie CC: oaa odiea PC: eodiea FC: ona odiea.
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e i eni an aoiaion o aonieo 
o eian aa oae gained oni odie 
eieed o ee igniian aiaion 
de  ai e al., 15. e oa oni 
oe eiaen o e oa ni o ai e 
al. 15 ange in age o 24 o 23 a and i 
ooed o ie dieen ioaie i edi 
o e oae gained on a inde gao-
dioie onaie enoganie ganodiodioie and 
onoganie eing e o ae e o andan 
aaa e al., 2013 aaa and ooa 201. e 
ooado enoganie oeond o a go o 
ooeoai ine-gained o oii oni 
odie o aaeii eddi oo a ange in 
age o 225 o 21 ai e al., 15 aaa 
e al., 2013 aae e al., 2014. n e ae 
geogai oiion a e ooado enoganie 
eea dioii and ganodioii ni ae een ae 
deied  i and eino 2015 i an age o 
ca. 215 a. e e iai inie o ae 
e a agna ao onegande anie o 
io anodioie ao aed o io on ae 
ai e al., 10 e e al., 2014 and ai die 
a odoi and oneo 1 ain e al.,
1 eie e al., 200 e e al., 2014.  
ee ni ee aigned o e ngag eni 
 ai e al. 15.   

ne o e ode aiied ni i e e 
eian- oe iai anao ono oaion 
i i nonoa oeain  e e iai 
ao ano oaion ai e al., 10 ain 
e al., 1 i and eino 2015 aaa and 
ooa 201. ee ni ee oigina aigned 
o e ao ano oaion ai e al., 10 
o o e anao ono and o io eene 
o e ao ano o ain e al., 1. 
e oni ain o oai and oanoai 
o o ineediae o aidi ooiion i 
ino aa ain e al., 1 aaa e al.,
2013 i and eino 2015 aaa and ooa 
201  e ae ao inding oae andone 
ongoeae and eiai o. ie o o 
e anao ono oaion nonoa oeie 
aeooi eaoi aeen e o o ao 
ano oaion e oe e oa oni 
oe and i in n inded  e ooado 
enoganie and de. e an i oaion 
i a 000  i ai oninena-aine o 
eion o iai age ee 174 a onain 
a e aine and ii aii  ee in oe 

o i ie ee and ai o ineediae aa 
in e eo ee aaa e al., 2013. 
og e age ange o i oaion oie 
e enie iai eiod oi onen and - 
geoonoog indiae a o o e edienaion 
oo ae o e oe o e idde iai 
and on e eo ee i ae iai in 
age i i oeed  and ineinge eaad 
i andeii aa o e a ooa oaion 
ee 174 aaa e al., 2013. e a ooa 
oaion i a oani eene ooed o aa 
and  o ai and ineediae ooiion 
anging in age o 221 o 212 a ee 174 
aaa e al., 2013 aae e al., 2014 aaa 
 ooa 201. a o e oo o e 
an i oaion a ooa oaion oe 
nonoa e oa oni oe and 
i oeed  e aine oe o idde ai 
o o e aao oaion.

3. Samples and methods

e oee daae inde eig-i ae 
o oni 1 and oani 25 o ae 1 
ig. 1 eonging o ee dieen aeooi and 
eooi ni. o e oe o i d 
e oani o oeed o oo o e 
eo ee o e an i oaion ae 
aigned o e a ooa oaion aoding o 
e inoaion gien in e eio ae. e 
ioogie o e eeed ae ae: aai 
aai-andeie and daii aa a and ii 
aii  ganodioie onaie ganie gao 
and dioie. i-ie ae ee oeed 
ding e geoogia aing o e eodiea 
and ona odiea eeen 230 and 200 
 a ea o e eiio aiona de eooga  
inea  . e eogai 
deiion and eod ed in e geoeia 
anai o ee o ae ae deaied in aaa 
e al. 2013 -e an e oained o ao 
ooa and aaa on ee- and aied 
ee and in e ooing ae. e eaining 
en-one ae ee oeed in e oaa 
odiea and eodiea eeen 2  and 
3015  o eogai and geoeia anai. 
e in eion ee anaed nde e oaied-
ig iooe o a ea and ineaogia 
aaeiaion. e ae ee ed and e 
agen andied nde inoa iooe. 
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TABLE 1. GEOLOGICAL UNITS STUDIED IN THIS WORK WITH THEIR REPRESENTATIVE LITHOLOGIES AND 
AGE RANGE, ANALYZED SAMPLES FOR EACH UNIT AND THEIR ALTERATION DEGREE EXPRESSED 
AS % OF THE TOTAL VOLUME OF THE ROCK.

Unit Samples    Lithologies Alteration     
degree  Age range

ano de ooae ed V-12-12 V-12-105 V-12-127 oie aie 
oii 

0.24-0. 31-25 a1

anon oni oe 
and ana ni

-04 -310 -311 -312 
-333 -340 -1 -70 
-71 -23 -334 -337 
07-15

onaie 
anodioie

0.00-0.1 2-25 a2

e eian ie  - ndeeined 0.1 -

eada de inado onaie -10 -202 -2 -7 onaie 0.02-0.0 272-25 a2

anao ono oaion -213 -21 -13 
-14 -2

aa aai 
ndeie aie 
oie

0.13-0.35 25-240 a2

a agna ao 07-10 07-11 ao 0.01-0.02 255 a3

oa oni oe 
anodioie

 -22 -1 -1 -237 
-24 -10 -11 -1 
-154

anodioie 0.015-0.17 247-237 a2

oa oni oe 
onoganie

 -02 -14 -15 
-11 -1 -1 -233 
-2 -20 -21 -24 
-303 -0 - -17

onoganie 0.03-0.12 247-233 a2

oa oni oe 
onaie

-0 -14 -17 -173 
-250 -255 -300 -35

onaie 0.04-0.27 237-234 a2

oa oni oe 
ao-ioie

-13 ioie 0.11 24-242 a2

an i oaion V-12-3 V-12-4-75 
-212

ii  nde-
ii  

0.1-0.7 254-212 a2 4

e iai die -74 0.4 -

ooado enoganie -14 - enoganie 0.05-0.0 22-21 a2

a ooa oaion -3 -1 -11 -1 
V-12-23 V-12-24 V-12-0 
-2 -2 -175 -43

ndeii  
oii  
ndeie aa 
 oie 
oii 

0.0-0. 221-210 a2 5

onegande anie 07-07 07-0 anie 
anodioie

0.01 215 a

o io on 07-13 anodioie 0.01 215 a

aia ao oe V-12-1 V-12-1 
V-12-3

ioie onaie 
anodioie

0.05-0.23 20-20 a

godone anie V-12-2 ioie 0.4 203-1 a

1eie e al. 201 2aaa e al. 2013 3e e al. 2014 4Vaeo 2014 5aae e al. 2014 ao and ene 200.
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e eeed agen eied nde 0 m 
o eia anae o ao and ae eeen. 
ao eeen onen ee deeined og 
  a oeene eea ae eeena 
onenaion ee deeined on a adoe inge 
oeo - a e eoiene eaen o 
e niei o iona. naia enie 
ae eaaion oede and andad ee 
eio deied in aan e al. 2015 and 
oe e al. 2013.

- geoonoog o ion a onded 
 --- a e iona aeon 
ene ee e al., 200. e anae inoe 
aaion o ion i a e ae/ada i 
V13 ie ae oeaing a a aeeng 
o 13 n ing a o diaee o 25 o 35 m. 
e aaed aeia i aied i ei ga ino 
e aa oe o a V nen ooe 
i i eied i a ig e o iien 
id a   and  iooe ae eaed 
ianeo.  eaeen ae ade in ai 
ode ing aada deeo o 23 and 232 an 
ion-oning anne o 204 and eie aada 
oeo o ion oning anne o 20-20. on 
ied ae 1 V −1. a anai oni o 
one 20 -inegaion on ea i e ae o o 
agond en 1 -inegaion i e ae 
iing and a 30  dea o ge e eio ae 
and o eae o e ne anai. e aaion i 
i 15 m in de.

o ea anai e eo in deeining 
20/23 and 20/204 e in a eaeen eo 
o 1 a 2σ ee in e 20/23 age. e eo 
in eaeen o 20/207 and 20/204 ao 
e in 1 2σ neain in age o gain a 
ae 1.0 a  ae ania age o onge 
gain de o o ineni o e 207 igna. o 
o anae e ooe in eiion o 20/23 
and 20/207 age o a 1.0 a. oon  
oeion i aoied  ing e eaed 
204 and aing an iniia  ooiion o 
ae and ae 175 i neainie 
o 1.0 o 20/204 and 0.3 o 207/204. e 
eaeen o 204 i naeed  e eene 
o 204g eae agond ae eaed on 
ea ee aing an agond 204g 
and 204 and eae e ie g i een in 
e agon ga. neeeen aionaion o / i 
genea 20 eea aionaion o  iooe 
i genea 2. n-n anai o agen o a 

age i ana ion a genea ee i 
eaeen i non age o 544 a 2σ
eo i ed o oe o i aionaion ee 
ee e al., 200. e neain eing o 
e aiaion oeion i genea 1 2σ o 
o 20/207 and 20/23 age.

e eoed age ae deeined o e 
eiged ean o e 20/23 age o e onodan 
and oeaing anae dig 2003. e eoed 
neain aeed ean i aed on e ae 
and eiion o e e o 20/23 o 20/207 
age eiged aoding o ei eaeen eo 
on a 1σ. e eai eo i inde 
oniion o e andad aiaion age o 
e aiaion andad ooiion o oon 
 and  dea onan i genea 1-2 2σ.

4. Petrography of the plutonic and volcanic rocks

e eoga o e died ae a 
aied o ain in in eion in i e 
ain ineaog o ia and eonda a 
diingied. oe iage o e in eion 
ae deaied in ige 2 and e deai o ee 
deiion ae in e endi 1.

4.1. Llano de Chocolate Beds

n i ni e oani and oai o 
ae ineedded in e doinan ediena 
eene Vaeo 2014 eie e al., 201 and 
e oeond o daii aa and aine aii 
. e daie ae oi ee ig 
eiaed i eii gonda. e eno 
oeond o eaoed a agioae and 
ioie. eaion inea eeen  o 5 o 
e o i aie and a inea eaing 
agioae and ioie i eaed  eidoe and 
oie. a ioie aie and eiie ao o 
in eine. e  ae agena ee i 
iae and eno o a and agioae. 
eonda aie and ioie o in eine. 

4.2. Chanchoquín Plutonic Complex

e anon oni oe i ooed 
ain o onaie and ganodioie i ino 
onoganie and dioie e died ae 
inde on onaii and ganodioii ioogie.  
anodioie ae ine o edi gained and onain 
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. 2. ioooga o e o eean ioogie o e died ni: A. onaie anon oni oe B. onaie 
eada e inado onaie C. onoganie oa oni oe D. onaie  oa oni oe 
E. anodioie oa oni oe F. aie ano de ooae ed G. ndeii a in oani eia 
a ooa oaion H. aine  an i oaion. 
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a i ndao einion agioae 
ooae ioie and ino oie o aioe 
aeo inea ae e-i oide ain agneie 
and ene. eii ee i oeed in oe 
eda a. ee ioogie ae ig 
aeed e an 10 oe o e o i 
eiie eaing eda and enie and eidoe 
eaing ioie. onaie ae edi o ine gained 
e onain a i ndao einion and 
oaine oned agioae ooae ioie 
oie ino aioe i e-i oide and 
aaie a aeo inea. eaion inea ae 
genea e an e  o e o  in ee 
ae e ea e 15 i eiie eaing 
eda and oie eidoe and enie eaing 
ai inea.  e oo ae e o ae 
oiaed o aiae degee. 

4.3. Los Tilos Granodiorite

i ni i aaeied  e eene o 
odieie in i ineaog i aoooi 
ineigana ee i ooiion aie eeen 
ganie and ganodioie and i ooed  a 
aai eda agioae ioie ie ia i 
ig deoaion and odieie. e a a 
ndao einion and oa o a ganoai 
ee ioie i aeed o oie and eidoe and 
o ig deoaion iia o e ie ia.

4.4. Quebrada El Pintado Tonalites 

e o o i ni ae ge ine o edi 
gained onaie i oa iiei o eniei 
oiaion. e onain oaine a i 
ndao einion agioae ino ooae 
ioie aioe oene oie and e-i 
oide i aaie a aeo inea. eii 
and eii ee ae oeed in e eda. 
eonda inea eeen e an e  o e 
oe o e o i eiie eaing eda 
and oie and eidoe eaing ioie.

4.5. Guanaco Sonso Formation

i oani and ediena ni i oei-
a ioan in e ona odiea ig. 1 and 
i i ooed ain o daii o oii a 
eded  and aa o o aai daii and 
oii ooiion. ino ediena ed o 

oaenie iiiai ainaed ongoeae 
and edi o oae gained andone ae ond 
aong i ae oo o aine done 
and e. e ain ioog i a and ii-
eaing ii aii  i agioae a 
and aioe eno aid oani agen 
and ie o iiei o eniei ie.

4.6. Chollay Plutonic Complex

e oa oni oe i e age 
inie ni in e died aea ig. 1 and i i 
ooed ain o onoganie and ganodioie 
aong i dioie o gao onaie and enoganie. 
e onoganie ae in and oae gained 
o i onain a i ndao 
einion and oa oaine oeie 
oned agioae ooae i eii ee 
ino ioine ioie oie i e-i 
oide ain agneie and ene a aeo 
inea aeaion inea eeen  o e 
10 o e o oe i eiie eaing 
eda and oie and eidoe eaing ioie. 
e ganodioie ae gai ie ine o edi 
gained o i oned agioae a i 
ndao einion and oa oaine 
ooae i eii ee ioie aioe 
and oie i ene aaie and ie a 
aeo inea e aeaion inea an ea 
15 in oe o e o i ain eiie 
eaing eda and oie eaing ioie 
ie eidoe and enie ae ao oeed eaing 
ai inea. e dioie and gao ae da 
ge edi o ine gained o e onain 
oned agioae and aiae aon o oiine 
and inooene e ae i aioe i 
ino ioie and e-i oide aaie and ie a 
aeo inea aeaion inea an ea 
12 o e oe o e o i eiie eaing 
agioae and ae oie and enie. e 
onaie ae edi o ine gained ge o 
onain a i ndao einion oned 
agioae ae ooae ioie onende 
and e-i oide ain agneie i aaie 
and ene a aeo inea and aeaion 
inea eeen eeen 7 o 25 o e oa 
oe o e o i eiie eaing agioae 
4-15 oie eaing ioie and aioe 3-
12 and dieinaed eidoe. e enoganie 
ae oange edi gained o onain ae 
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agioae ooae i eii ee a 
i ndao einion ae e-i oide and 
ion a aeo inea. 

4.7. Colorado Syenogranites

e ioogie in i oni ni a o 
enoganie o onoganie i eii 
and gai ee in e eda. e o 
ae in-oange oae o edi gained i 
oi o aneii ee. a i ndao 
einion ooae agioae and ioie ae e 
ain inea i ae oae inea e-i 
oide and aaie and ie a aeo inea 
aeaion i ea and eonda inea ae 
eeen e an e  o e oa oe o 
e o i eiie eaing agioae oie 
eaing ioie and dieinaed eidoe. 

4.8. San Félix Formation

e oai deoi ae ineedded in e 
ain iiiai o eene ee 174 
ia 15 aaa e al., 2013 Vaeo 2014 
and e oeond o eniee i ed o aii 
and a . e oani o ae agena 
ee and oa eaii iii aeaion aeed 
e ai and agioae eno ae eaed 
 eiie and a ine ein ied i eiie 
ioie and a o e o. 

4.9. Montegrande Granite

e onegande ganie i an  eongaed 
inie i an aea o ca. 1 2 aada 14. 
e ganie i aoiooi ineigana and 
i ooed  aai eda a agioae 
and ino aioe inooene ioie and 
ie ia. ai eda i aneda and e-
ii ie aioe i ineiia aneda and 
oen inde oidied oene ioie and ie 
ia ae ao ineiia. oa e aioe i 
oee eaed  oie i ino ioie. 
e agioae i eda i ino eonda 
eiie and oen i ied  aie.

4.10. La Laguna Gabbro

 oni o a o i e nded 
o ee in diaee odoi and oneo 

1 i o. e gao ae oae-gained 
i idiooi ineigana ee i 
agioae ineiia inooene oooene 
oae inea and ino a and ineiia 
ooae. oa e o eii gai ee. 
inooene od e een a eaion i 
i enoe oae inea. e aeaion in 
ee o i ae oene ae aeed o oie 
eidoe and oae inea eea agioae 
ae ig aeed o eiie. 

4.11. La Totora Formation

i oani ni i ooed  andeii aa 
o oani eia and a  ee ineedded 
in e eene. e aa ae eddi-ioe andeie 
and aa i aanii o ig oi 
ee oaiona eie and agdae. e 
eno oeond o oene and agioae 
i iee ee and e gonda i aoiii 
oa inegana i agioae oene and 
oiine. e ga i aeed o oie and e-i 
oide. eonda inea eeen  o 15 
o e o i a inea eidoe and aie 
eaing agioae aie in ioein aie 
and eoie iing eie. e eia ae andeii 
in ooiion. e a eeen 15 o 40 o 
e oa oe. e ae aa i oi and 
aoi ee agioae eno iee 
ee and ga eaed  oie and e-i 
oide. e ai i iia in ooiion. e 
o ae aeed o aie a and a inea. 
aie i eaing agioae eno and i 
eine i a. 

4.12. Carrizal Bajo Plutonic Complex and 
Algodones Granite

ee oni odie ae a ae eied 
diiion in e oaa odiea ene e 
al., 200 ao and ene 200 ig. 1. e 
ae o e godone ganie oeond o 
edi gained a dioie i agioae 
a inooene and ioie. ee ioogie 
ae ig o ong aeed 5 o 40 o oie 
and aioe eae inooene eidoe and 
oie eae ioie and agioae a ae 
eaed  eiie and a inea. e ae 
o e aia ao oni oe oeond 
o edi o ine gained eigana ioie 
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onaie and ganodioie and aioe onaie. 
e ae ig o odeae aeed i oie 
and eidoe eaing ai inea and eiie 
and a inea eaing eda. 

4.13. Dikes

e ae aia o i oii ee 
and aai-andeii o andeii in ooiion. 
e eno ae inia agioae i 
odeae aeaion o eiie and a inea 
e-i oide and oene i i oen aeed 
o aioe and oie. 

5. Geochronological results and interpretation

ooe onoog daa ae een ied 
eeee o o o e died o ni ee 
ain e al., 1 ene e al., 200 aaa e 
al., 2013 e e al., 2014 eie e al., 201 
i and eino 2015 aaa and ooa 201 
and aied in ae 1. n i o o ae 
o a inie o ni ee eeed o - 
daing in igneo ion ig. 3. e deaied e 
ae ied in e endi 2. 

ne ae o e ana ni 7-15 
eiaen o e anon oni oe 
dia an age diiion aen i a inge-ea 
o i e e eiaed age i 27.04.0 a. ne 
ae o a od aignaed o o io on 
7-13 ao ieded a inge-ea age diiion 
aen i a e eiaed age o 20.33.0 a. 
n o ae ee ae no diodan age o 
indiida gain. e age o e ana ni agee 
i eio eoed daa ai e al., 15 e 
e al., 2014 aae e al., 2014. n ona e 
o io on a een eoe aigned o e 
ngag eni ai e al., 15 and daed a 
215.1. a e e al., 2014 diodan i e 
e oained in i o 20.33.0 a. ien 
a ee ae no onge inge-gain age eie 
onodan o diodan in e anaed ae i 
i dii o diad e e oained o ae 
7-13  i i oie a i doe no eong o e 
o io on ine e oe daa oin o a ae 
iai ae an a eian age.  

n e oe and ae 7-07 o e 
onegande anie ieded a e eiaed age 
o 214.1.5 a i one inge gain age o 
20.325.2 a ggeing oie aiiaion 

o ode a o ding aga geneaion 
o eoion. i age i in ageeen i e 
geoonoogia daa eio eoed i 
ange eeen 1211 and 215.1.4 a oo e 
al., 17 e e al., 2014. n e ae o e a 
agna ao ae 7-11 a aiiaion 
 e iai aga i ao a ie oe ine 
e o eii a ioda age diiion i ea 
a 21..3 a and 25.02.4 a. e e al.
2014 eoed an age o 255.21. a  ee 
ao diaded o onge inge-gain age 
a ca. 215 a and 225 a. e eeoe in a 
e ae iai age i a aie dae o igneo 
aiaion o e gaoi o aog oe 
a aeia ig ae een aiiaed in e 
oe.

6. Geochemistry

ao and ae eeen andane o e 
died oani and oni o ae ied in 
ae 2 and in aaa e al. 2013. io o e 
deiion o e geoeia e e ie o 
e eonda aeaion oee a aeed e 
died o i addeed.

6.1. Alteration

eonda inea ae e oon in e 
died ae ee ae 1 and endi 1. e 
aeaion inea in e oani o an e  o 
e 25 o e oa oe o e o eea in 
e oni o i genea e an e 10 i 
oe eeion  o 40 godone ganie. 
e eeion ae: ae V-12-105 ano de 
ooae ed a iiiied oie o oii 
 o i e eognied oe o eonda 
a eae e 5 ae V-12-3 an 
i oaion a ii  i a oa oe 
o aeaion inea ain eonda a o 
3 o ae o oaa odiea inie 
V-12-1 V-12-2 V-12-3 and V-12-03 
i oa oe o aeaion inea anging o 
2 o 12 eing oie e ain eonda ae 
and o ae o e oa oni oe 
-14 -173 -14 -11 i oa 
oe o aeaion inea anging o 2 o 
12 eing eiie e ain eonda ae. n 
addiion ee ae o oai o ae 
V-12-3 and V-12-4 an i oaion 
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. 3. ea-aeg onodia and eiaed e - age o o anaed ae eonging o e ana ni 7-15 e  
o io on 7-13 e a agna ao 7-11 and e onegande anie 7-07. 
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TABLE 2. XRF AND ICP-MS GEOCHEMICAL DATA FOR THE ANALYZED SAMPLES.

Sample CPV-12-105 CPV-12-12 CPV-12-127 O7-15 O7-10 O7-11 SCL-02q
Unit ano de 

ooae ed
ano de 

ooae ed
ano de 

ooae ed
ana ni a agna 

ao
a agna 

ao
oa oni 

oe
Lithology oie aie  oii onaie ao ao onoganie
UTM East 2402 204 27052 313 3451 32 4104
UTM North 7103 7452 7233 705 570 13 044

SiO2 % 7.42 72.24 .71 5.25 47.44 4.25 77.72
TiO2 0.01 0.1 0.2 0.75 1.4 1.25 0.0
Al2O3 .50 .7 12.41 13.33 17.0 17.30 11.
Fe2O3 0.00 0.77 0.5 0.3 0.5 1.04 0.1
FeO 0.00 1.53 1.31 5.55 .35 .2 0.3
MnO 0.04 0.0 0.04 0.0 0.0 0.0 0.05
MgO 0.1 0.53 0.5 3.24 4.21 4.72 0.0
CaO 0.31 1.13 1.23 5.57 10.70 .5 0.27
Na2O 3. 2.10 2.35 2. 2.72 2.51 3.2
K2O 4.1 3.53 3.1 2.0 1.00 1.40 3.4
P2O5 0.02 0.05 0.0 0.1 0.3 0. 0.02
LOI 12.7 7. .45 7.34 7.7 .0 0.40
Total % .2 . . 7.7 100.43 100.01 .5
La ppm 4.3 3.0 3. .4 27.2 2.3 13.3
Ce . .7 7. 31. 5.0 53.5 25.5
Pr 1.4 .1 11.1 3.2 7.2 5.1 2.
Nd .0 2. 2.1 1.0 31.4 2.4 10.0
Sm 1. .1 5.5 4.3 7.0 .0 1.
Eu 0.4 1.3 1.0 1.0 2.4 1.7 0.3
Gd 1. 5. 5.1 4.3 .7 5.7 1.
Tb 0.3 0. 0. 0.7 1.0 0. 0.3
Dy 1. 5.2 4.7 4.1 5. 4. 2.1
Ho 0.4 1.1 1.0 0. 1.1 0. 0.5
Er 1.0 3.2 3.1 2.4 3.0 2.5 1.3
Tm 0.1 0.5 0.5 0.3 0.4 0.3 0.2
Yb 0. 3.2 3.4 2.2 2. 2.1 1.
Lu 0.1 0.5 0.5 0.3 0.4 0.3 0.2
Y 7. 20.0 1.5 1. 2.4 14. 14.1
Sc 1. 5.5 .4 13.0 1. 12.7 2.0
Hf 1.2 2. 3.3 0. 5.1 3.0 2.2
Nb 4.1 . . 7. .1 .4 .5
Ta 0.3 0.7 0. 0.5 0.4 0.4 1.0
Th 5.1 13.7 27.7 4.2 .0 .4 .
Zn 117. 53.1 20.1 5.7 2.4 74.4 30
Co 0.4 3.5 3.3 17. 44.3 25.7 1
Ni .0 3.0 2.1 24.3 37. 33.4 20
Ba 2. 2075. 24.0 377.2 427. 431.0 77.0
Cr 53.1 15.2 . 1. 1. 22.4 20
V 11.1 2. 27.2 2.7 12.0 10.2 75.0
Se 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Br 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cu 15.3 3. 4.3 . 52. 0.4 10.0
Sr 44.7 17.1 7.1 23.3 530. 420.2 42.0
Zr 21. 72.5 5.2 5. 21.2 11.2 1.0
Rb 3. 153.3 177.1 54.7 1.2 2.2 13.0
As 0.0 0.0 0.0 0.0 0.0 0.0 5
Be 0.0 0.0 0.0 0.0 0.0 0.0 3.0
Sb 2.1 0.5 1.2 0.1 0. 0.3 0.4
Sn 2.3 .1 7. 4.5 3. 3. 1.0
U 1. 2. 3.2 1.7 1. 1. 2.3
W 1. 2.3 2.5 5.4 0. 0.7 1.2
Bi 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Cd 0.1 0.1 0.0 0.0 0.0 0.0 0.0
Cs 1. 2.3 14. 2.0 3.1 2.5 2.0
Ga . 33.1 17.4 1.4 27.4 20.0 13.0
Ge 0.1 0.4 0.4 0. 1.3 1.1 2.
In 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Mo 0. 0.1 0.2 1.2 0.5 0.4 2
Pb 1.5 4.1 12.2 15. 11. 10.3 .0
Ag 0.0 0.0 0.0 0.0 0.0 0.0 1.2
Tl 0.0 0.0 0.0 0.0 0.0 0.0 0.7



10 Geochemistry of Permian to triassic iGneous rocks from northern chile (28º-30º15’s)...

Table 2 continued.

Sample SCL-09q CPV-12-38* CPV-12-49b* CPV-12-23 CPV-12-24 CPV-12-60 SCL-26q*
Unit oa oni 

oe
an i 
oaion

an i 
oaion

a ooa 
oaion

a ooa 
oaion

a ooa 
oaion

a ooa 
oaion

Lithology onaie  ii  ii ndeie ndeie aa 
UTM East 410.315 32.530 35.174 37.44 33.333 32.34 414.172
UTM North .74.5 .77.57 .05.415 .14.323 .2.71 .27.55 .0.04

SiO2 % .47 .5 72.23 5.1 43.0 44.1 1.32
TiO2 0.4 0.17 0.14 1.34 1.5 1.10 0.11
Al2O3 14.55 5.40 13.20 14.1 1.33 15.21 .3
Fe2O3 1.02 0.00 0.25 1.1 1.1 1.43 0.40
FeO 2.54 0.00 0.50 5.3 .05 7.1 0.7
MnO 0.07 0.02 0.03 0.11 0.1 0.14 0.01
MgO 1.43 0.12 0.2 2.17 .0 . 0.15
CaO 3.4 0.13 0.27 5.57 7.50 . 0.57
Na2O 3.5 0.31 1. 3.55 3.77 4.2 1.
K2O 2.2 1.5 3.50 1.30 0.0 0.2 3.7
P2O5 0.10 0.00 0.03 0.43 0.37 0.33 0.01
LOI 1.1 5.1 7.34 7.31 7.17 .1 1.4
Total % .7 .7 . . . .2 100.
La ppm 23.7 . 37. 2.1 1.3 . 31.2
Ce 44.3 31.0 73.4 52. .3 2.5 2.
Pr 5.0 2. 12.0 5.1 0. 3.7 7.2
Nd 1.1 13.7 32. 2.4 5.0 17.7 2.
Sm 3.4 3.0 7.0 .2 1.4 3. 4.
Eu 0. 0. 1.4 2.0 0.5 1.1 0.3
Gd 2.7 3.3 . .3 1.4 3.3 3.
Tb 0.5 0. 1.1 1.0 0.2 0.5 0.7
Dy 2. 3.2 .7 5. 1.3 2.3 4.2
Ho 0.5 0. 1.3 1.1 0.3 0.4 0.
Er 1.7 1. 3. 3.2 0.7 1. 2.
Tm 0.3 0.2 0.5 0.4 0.1 0.1 0.4
Yb 1. 1.4 3. 2. 0. 1.0 3.1
Lu 0.3 0.2 0.5 0.4 0.1 0.1 0.4
Y 15. 12.1 42. 33.3 2.5 13.3 24.5
Sc .0 2.1 4. 12.0 .2 20.5 3.0
Hf 4. 1.1 4. .0 2.7 1. 4.5
Nb .7 . 15. .3 3.7 4. 11.
Ta 0. 0.3 0. 0.5 0.2 0.2 0.
Th .7 5. 27.2 3.1 0.3 2.0 14.
Zn 50.0 .4 20.1 2. 101. 114.  30
Co 7.0 2.1 1.1 1.1 43.4 35.1  1
Ni  20 3.7 .7 5.1 102.1 153.7  20
Ba 74.0 47. 12.7 31.7 17. 43.4 471.0
Cr  20 1.4 17.2 5.7 103. 550.  20
V 157.0 15.0 7.5 4. 203. 120. .0
Se 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Br 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cu 30.0 3.0 2.2 1.1 7. 7.  10
Sr 24.0 . 151.0 444.2 14.5 1.2 41.0
Zr 1.0 1. . 20.7 127. 7. 127.0
Rb 111.0 105.1 13. 20. 0.1 3.2 105.0
As  5 0.0 0.0 0.0 0.0 0.0  5
Be 2.0 0.0 0.0 0.0 0.0 0.0 2.0
Sb 0.3 13.3 0.3 0.0 0.2 0.1 0.4
Sn 2.0 4.3 . 3. 2.5 1.1 4.0
U 1. 1.1 3.7 0.7 0.2 0.1 2.2
W 2.3 1. 1. 0.3 0.2 0.1 1.5
Bi  0.1 0.0 0.0 0.0 0.0 0.0  0.1
Cd 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cs 2.7 21.1 2.7 0.5 0.0 0. 2.3
Ga 1.0 14.3 33. 20.5 13.7 1.3 11.0
Ge 2.5 0.1 0.3 1.0 1. 1.2 1.4
In  0.1 0.0 0.0 0.0 0.0 0.0  0.1
Mo  2 0.2 0.4 0. 0.3 0.3  2
Pb 13.0 2.5 12. . 10.4 .3 17.0
Ag 2.0 0.0 0.0 0.0 0.0 0.0 2.2
Tl 0.7 0.0 0.0 0.0 0.0 0.0 1.0
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Table 2 continued.

Sample O7-13 O7-07 O7-06 CPV-12-91A CPV-12-91B CPV-12-93 CPV-12-92
Unit o io one ande 

ni
one ande 

ni
aia ao 

oni oe
aia ao

oni oe
aia ao 

oni oe
godone 

anie
Lithology anie 

o ia
anie anie ioie onaie anodioie ioie

UTM East 3.473 31.047 357.424 301.52 301.52 2.5 2.03
UTM North .5.42 ..71 ..30 .4.54 .4.54 .7.34 .7.501

SiO2 % 7.0 7.42 74.31 51.74 .22 7.3 53.1
TiO2 0.0 .d.. 0.0 1.33 0.41 0.12 0.1
Al2O3 12.71 .50 .53 12.2 .73 10.44 13.5
Fe2O3 0.35 0.15 .d.. 1.5 1.04 0.37 1.73
FeO 1.15 1.02 .d.. 7.7 2.0 0.74 5.7
MnO 0.0 0.04 0.03 0.11 0.05 0.04 0.10
MgO 0.52 0.1 0.20 4.23 0.52 0.33 4.3
CaO 1.5 0.31 0.1 7.32 2.20 1.01 .21
Na2O 3.41 3. 2.7 2. 2.70 3.3 3.1
K2O 1.1 4.1 4.70 1.44 1.25 3. 1.5
P2O5 0.07 0.02 .d.. 0.50 0.11 0.07 0.2
LOI .44 .03 .3 .44 12.54 11.12 .2
Total % .3 5.24 101.14 . .7 .5 .0
La ppm 25. 45.5 5.2 11.3 57.1 11.5 .
Ce 44.1 . 7.2 42.4 10. 3. 3.1
Pr 4. 12.1 0. 4. 1. 3.2 3.
Nd 1.7 3.4 3. 24.0 45.1 15.7 1.7
Sm 2. .2 0. .1 .5 3. 4.5
Eu 0. 0. 1.4 1. 1.5 0.5 1.1
Gd 2.4 7.5 0.5 . 7. 4.2 4.2
Tb 0.3 1.1 0.1 1.2 1.1 0. 0.
Dy 1.3 .1 0.3 7.0 5.2 4.7 3.
Ho 0.2 1.2 0.1 1.4 1.0 1.0 0.7
Er 0. 3.4 0.2 4.2 2. 3.0 2.0
Tm 0.1 0.5 0.0 0. 0.4 0.5 0.3
Yb 0.5 3.2 0.2 3. 2.4 3.3 1.
Lu 0.1 0.5 0.0 0. 0.4 0.5 0.3
Y 4.3 25. 1.1 43.0 2.0 33. 12.3
Sc 2.1 1. 2.0 17.4 3. 2. 10.
Hf 0.3 0. 0.3 1.3 2. 2.4 0.7
Nb . .5 7.5 14.3 .1 . 4.0
Ta 0.4 0.4 0.4 0. 0.3 0. 0.3
Th 3.2 3.4 2.1 7.7 55. 14.4 4.2
Zn 55. 72.0 1.2 7. 22.2 31. 1.
Co 1. 0.2 0.5 23. 3.4 2.4 21.1
Ni 3.2 1.3 2.7 31.2 3. 3. 30.3
Ba 5.5 505.0 151. 233.0 432. 231.4 214.0
Cr 112.1 4.7 . 74.1 5. 5.5 .4
V 2. 1.2 1.0 12. 22. 7.1 17.4
Se 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Br 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cu 3.2 1.2 3.1 24.4 3. 2.7 44.
Sr 335. . 101.1 20. 130.3 50.0 31.
Zr 3.7 .0 .1 25. 102.1 74.7 7.3
Rb 30.3 37.7 121.0 33.1 27. 234.2 1.2
As 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Be 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sb 0.1 0.1 0.0 0.3 0.2 0.0 0.1
Sn 1. 3.4 1.1 3. 5. 10.3 3.0
U 0.4 0.7 0.3 1. 1.7 3. 0.7
W 0.2 0.2 0.4 0. 0.5 0.2 0.4
Bi 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cd 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cs 1.3 0. 1.4 0. 0. .2 0.3
Ga 20.1 21. 27.4 17.3 17.7 15.2 14.
Ge 0.4 0.4 0.1 1.1 0.5 0.3 0.
In 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mo 0.3 0. 0.1 0.4 0.5 0.4 0.3
Pb 15. 15.4 2. .5 14. 20.5 5.5
Ag 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tl 0.0 0.0 0.0 0.0 0.0 0.0 0.0

 ong aeed oaniai ae i ino ii onen.



12 Geochemistry of Permian to triassic iGneous rocks from northern chile (28º-30º15’s)...

-2 a ooa oaion ae ong aeed 
and ii agen ee no eaae i 
iie a ee ae ae no een onideed 
in e ineeaion o e eoni iiaion. 
aie and eiie ae iio aeaion inea 
ae in e oani o eea a inea 
oie and eiie ae e doinan eonda 
inea in e oni o. eiie and a 
inea eae agioae eno and aie 
o in ae agde o a eaeen o 
eno. e ig o on igniion in oe o 
e oani and oni o i onien i 
e ideead oene o aie ae 2. 

ien a e diiinaion o e onegen 
agin and iin ae eoni eing o 
igneo o i age aed in e onen o 
inoaie aaine age adii ioie and 
ig ied eng eeen o e anaed 
ae and aing ino aon a oe o ee 
eeen ae oie in doea oee i 
i neea o e e een o oii o e 
died o.  oaion eeen e oa 
aai e iia  and /i e / 
aiiaion diaga a ade ig. 4 4d. ig 
enien in aai i oeed in e oani 
o i o nea e aaine/-aaine 
onda. oee e aiiaion aed on 
e oe ioie eeen diad e aaine 
aae o e ae o i e eeion o 
ae V-12-24 a aa o e a ooa 
oaion. e oenia ia o oe oie ao 
and ae eeen aong i e ig aon o 
aeia o on igniion a ae aia 
e ao eeen i a e ineeaion 
o e eoni eing o e aga a geneaed 
e died o  e done i aion and 
aed on e eaio o e e oie eeen 
 a e ae ea  and ig ied eng 
 eeen. n i o e on onideed 
o eoni iiaion e o i e an 10
 o oa oe o aeaion inea.

6.2. Major Elements

e onen o i2 on ando ai o e 
oani o i aiae aeaion gade ange 
eeen 4 and 1 ig. 4. e oai 
o o e a ooa and an i oaion and 
e ano de ooae ed a ae e ige 
i2 onen ae ong aeed. i i onien 

i e dieion o e aai diaed o ee 
ae in ig. 4. og e ne o died 
ae ede a igniian aiia aoa 
a ioda diiion o e oani o iin 
e dieen ni i no oeed a ea o e 
ao eeen onen. e aai onen o e 
o ange o 3 o   oide and in genea 
i ineae i ige i2 onen. eion o 
i aen ae ae V-12-3 and V-12-105 
i 2 and 10 aai eeie. oding 
o ei i2 and 2 onen e died o 
od ae a-aaine and ig- a-aaine 
ainiie ig. 4eeio and ao 17 
ine and aaga 171 e  o i2 g 
and e a o 0.0 o 2.20 0.4 o 1.00 and 
o 0.30 o 13.50 eeie. e dieion 
o ee eeen i  e an o e aai 
and in genea ei onenaion deeae i 
ineaing i2 onen. e 23 onen ange 
eeen .3 and 1.50  deeaing i e 
ig and en ogeie i ineaing i2
onen. e eai deeae in e onen 
o i2 e g 23 and a i oaie 
i ogeie aionaion o agioae e-i 
oide oiine and inooene i i onien 
i e oeed ineaog in e died o 
endi 1.

6.3. Trace elements

 oeed in e i-eeen diaga ig. 
5 o o e died ae o enien 
in  oaed o  eaie o iiie 
ane onenaion. ig onen o  a e 
a a deeion in -a i and  ae oeed in 
o o a ni. e oani o o a  
age dieion in  an an o e oni 
ioogie eeia  and .  aen i 
ie de o doea aeaion o e o 
gade eaoi. e o o e a ooa 
oaion ae e oe  onen  i 
enied in i go o eeen oaed o 
.

o oni and oani ni o ae 
ee ondie-noaied  aen ig. 5 
i a/ anging o 3.4 o 52.2 o eian 
o o 3.1 o 43.4 o iai o.  anoaie 
in oani o o a odeae negaie 
oeaion o i2 in a ni ggeing a ode 
oniion o agioae aionaion o aga 
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eoion. e / ange o 0. o 1.2 in 
o o e oani o and i aond 1.0 o 
e aoi o iai o ig.a ggeing 
eaie ig ogen gai ondiion o oe 
aga. e oni o ao a igniian 
negaie  anoaie  ae a ide ange o 
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. 4. A.  aiiaion and B. aina aaion inde diaga o oni o and 127  C.  ea e al., 1 
and D.   / e /i2 inee and od 177 aiiaion diaga o oani o. o i daed 
ine and oo gadien eeen e o ong aeed ae o oaniai o o e an i V-12-3 and 
a ooa -2 oaion. 

/ eeen 0.2 and 1. ig. 7a. e e 
iai inie o in e oaa and ona 
odiea eii e o aed negaie 
anoaie and o oiie a e eea e 
oa oe and e eian inion ae 
/ ae aond 1.



14 Geochemistry of Permian to triassic iGneous rocks from northern chile (28º-30º15’s)...

Guanaco Sonso Fm

La
Ce

Pr
Nd

Pm
Sm

Eu
Gd

Tb
Dy

Ho
Er

Tm
Yb

LuLa
Ce

Pr
Nd

Pm
Sm

Eu
Gd

Tb
Dy

Ho
Er

Tm
Yb

Lu Cs
Rb

Ba
Th

U
Nb

Ta
K

La
Ce

Pb
Pr

Sr
P

Nd
Zr

Sm
Eu

Ti
Dy

Y
Yb

LuCs
Rb

Ba
Th

U
Nb

Ta
K

La
Ce

Pb
Pr

Sr
P

Nd
Zr

Sm
Eu

Ti
Dy

Y
Yb

Lu

Chanchoquin Plutonic Complex

Chollay Plutonic Complex

La Laguna Gabbro

Colorado, 
Montegrande, Los Tilos, 
Carrizal Bajo & Algodones 

Llano Chocolate Beds

San Félix Fm

Guanta Unit 

Q El Pintado Tonalite

Permian dike

Middle Triassic dike

La Totora Fm

103

102

101

100

102

101

100

102

101

100

102

101

100

102

101

100

102

101

100

102

101

100

102

101

100

. 5. ide diaga o ondie-noaied ae ea e and iiie ane-noaied ig ae eeen andane in 
e died o. oaiing ae ae o n and onog 1. aed ine eeen e o ong aeed 
ae o oaniai o o e an i V-12-3 and a ooa -2 oaion.
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7. Discussion

7.1 . Sources and evolution of the proto-Andean 
magmatism

e died o ae e eeogeneo o 
eogaia and o ei ao eeen 
ooiion. e ae eeen onen i ao 
aiae  e dia iia geoeia aen 
e.g.,  ggeing nio eia eaio 
ig. 5. n aia e aed enien in  
oe  i een in a e ide diaga o 
ige 5 o o oni and oani o. e 
oani o ae a aaine and o iin e 
a-aaine ied o e  diaga ig. 7a.  
 one o e ai and ineediae ae V-
12-24 o e a ooa oaion ae ao  
onen eeenaie o a-aaine ainiie 
ig. 7 and e oe aidi o o in e ied o 
a ganie aed on ei  and  onen 
ig. 7 e. og e ne o anaed oani 
o doe no ao a o aiia anai i i 
noeo o oin o a e oie e enie 
eogai ange o aaine oani o 
aa o oie and ee i no ioda diiion 
in ei ooiion ig. 4 d. e oni o 
ao a ioda diiion o ei ooiiona 
ange and onaie i e o andan ioogia 
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. . ge e / and a/ o e died ae.   ae noaied o ondie andane n and 
onog 1. o i daed ine and oo gadien eeen e o ong aeed ae o oaniai 
o o e an i V-12-3 and a ooa -2 oaion.

e ooed  onoganie and gandioie ig. 
4a. Ve e ai inion  a gao o 
dioie ae ond aong e died inie ni 
ig. 4a. n e eoni diiinaion diaga 
o eae e al. 14 nea a ae o in 
e Voani  anie ied ig. 7d . n 
o ae o e ooado enoganie ni ae 
oide i aen oing in e ied o iin 
ae agai ig. 7d. 

e ooado enoganie e a agna 
ao and e onegande ganie ae aong e 
inie ni i aaine iin ae aini a 
ae deied in e ieae aada 11 12 
1 ai e al., 15 odoi and a 12 
a eeenaie o e e iai agai. 
aing ino aon e ooado enoganie and 
e a ooa oaion ae anaed in i 
d i i ea a aaine agai did o 
ding e e iai in e een-da ona 
odiea.  oe and aea diiion oee 
ee o e igniian oe eied ig. 1 an 
a o e a-aaine agai a i a ooed 
eoe and i anno e onideed a eeenaie 
o e ain agai een o e a i 
e oninena  ding e iai. e oigin 
o i aaine agai a e eaed o e 
eaien o e a in e een-da oaa 
odiea ee eo.



1 Geochemistry of Permian to triassic iGneous rocks from northern chile (28º-30º15’s)...
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. 7. eoni diiinaion diaga o e died ae. A.   ine and aaga 171 and B. -- o ai and 
ineediaed oani o   e a diaga eae e al., 14 o C. aid oani and D. oni o  
e  eae e al., 14 o E. aid oani and D. oni o. o i daed ine and oo gadien eeen 
e o ong aeed ae o oaniai o o e an i V-12-3 and a ooa -2 oaion.
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 oani o ae ig oii 
ggeing a oa eeaed ae onen o e 
aga a aoed a go oe neaion 
io o oaie iniiii o degaing aan 
and nd 2000 ine 2010. e iio 
eene o agneie a e ain e-i oide 
inea ae in o oni and oani o 
i ao an indiao o ae eeaed 2 ondiion 
in e aga ddingon and inde 14. 
daed inea  a aioe and ioie 
o in a e eogai ange o e oni 
o o gao o enoganie i i an 
ndoed eidene a e aga ee daed. 
ee eogai and geoeia aen ae 
oen ineeed a e e o -eing o an 
aenoei ane oe a oe a a 
ae ae a onegen agin ee an oeani 
ae i ded nde e oninen en 2002 
and eeene eein. 

 e agai oe a indeed a deeed 
ane een eaoaied  id a 
enied i in oie eeen eeaed  inea 
eadon o daed inea o e ded 
a en an aiiaion o e oninena  
ding e aen o  ane-deied e i 
ie ide and ooa 1 eeia 
eae e aid oonen in e oni 
and oani o ae oeia doinan. 
e dion-eaed ignae i een in 
o eaino and eaino inie 
ggeing a  igna i no on deied o 
a aiiaion. en og ig i2 a2 
2 and  onen ae oeed eidene o 
aiona aiaion ae no enie oed o 
i igna. o eae e o i e ige 
 onen a e aaeii negaie -
anoa aoiaed o aionaion o agioae 
ding aga dieeniaion ae 2. e degee 
o a aiiaion ding e iai  ae 
een oee eied o a ea oe an a 
o e aeooi agai. i i ineed o 
e aina onen o e oni o i i 
genea oe o e oa and oe iai 
inie an o e eian on ig. 4.  
iia oei a een eened  e e 
al. 2014 and de e e al. 201 o e oni 
o o e ona odiea a e ae aide 
o e een d. aed on e oed aiaion 
eeen 17/177 and d1 and e aiaion age 
o ion o ee ni ee ao onded 

a e a onainaion o e aga oe 
deeaed eadi o e aonieo o e 
iai. i i in ageeen i e egiona 
eenion a od ae aen ae a oninena 
agin a i a een ooed  eea ao 
ai e al., 15 odoi and ao 1 
odoi and a 12 and an ao e eaed 
o a inning ine a/ o iai o 
ae oe an ei eian onea ig. . 
e deeae o a a oonen in e aga 
oe ding e iai eeoe gge a e 
geoeia ignae o e died o anno 
e oe aied o eiage o aia eing 
o a a ooi oed ding e ondana 
oogen o eaie. 

7.2. Tectonic framework for the Triassic 
magmatism: passive or active continental 
margin?

en ode o e eoni eing o e o 
eian agin ding e iai ooe a 
dion eaed o i a igniian diinied 
de o goa eeniona oe oeaing on e 
eoni ae a i ie odoi and ao 
1 o oed ino a o oiion de o aeion 
o an aoono eain o e oninena agin 
odoi and a 12. idene oing 
ee ode oe o o ied geoog and 
geoei o eian o iai o oing 
o in ie and genina. oee in ig o e 
een daed geoogia aoga and e 
oe o geoeia daaae o eean 
ni aenaie eoni eing anno e ed 
o e e e al., 201.

e ine o eidene o e eeniona-eing 
ode in een-da geninean eio ae in 
a: a. e eiene o ge oe o aid 
agai geneia eaed o a anaei 
eeened  e oioi go a ni a i oaed 
aong e eaen an o e nde eeen 20 
and 40 aa and ao 10 15 aa 
e al., 13 2003 b. e geneaion o aai o 
o aaine o iin ae geoeia ignae 
geneia eaed o e a age o e oioi 
o agai ao and a 11 c. e 
edienoogia and a aeo o i 
aii in e o and igaao ain o o 
oe o e iai age aei 17 aei 
e al., 200 iaiagi and ane 200 iaiagi 
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e al., 2011 and d e eoogia edienoogia 
and a aeo o i and dion-
eaed aii o e eo iai-oe 
ai e-o go o e en ain in 
genina aei 17 anee and aei 
2001 ei e al., 2010 ia e al., 2012a .

ong e een an o e nde and e 
oea egion o noen ie eeen 2 and 
31  oee e agai ni a an e eaed 
o i aii ae ae. ioda agai i 
a o inaae ignae a een eoed in 
e idde o e iai iidangi oaion 
oaa e al., 2000 and in e ia oe 
aada e al., 11 1 a e oaa odiea 
o no ena ie and ioda inion o 
e iai age ad ong een eognied in e 
ona odiea 2-30  aada 12 1 
ai e al., 15 odoi and a 12 e e 
al., 2014. n o ae e oe o agai 
i eied o e oa oe o oani and 
oni o e iai eiod ee ig. 1. oe 
o e eian o oe iai oani ni a 
ae onideed o e eiaen o e oioi o 
a aa ananoo and anao ono/ao 
ano oaion do no eii geoeia 
eae o eenie a oniion eoe 
e aaiae iooi daa o e ieae od 
ao e oei o ied aga oe a 
deeed ane and e oninena  aada 
2013 e e al., 2014 e e e al., 201. 
aine and/o oeiii aa aoiaed o e 
ae age o i aid agai and oon 
ineeed a d iiie oani eing 
o o degee o  deoeion eing o e 
aending aenoei ane in a i one 
i no ond. aai and aai-andeii o 
a od oeond o i aii ae deied 
in ni  a e a ooa a enea and 
eada de aie oaion in e eodiea 
and ona odiea eeen 27 and 30   
e a aaine geoeia ignae and ei 
age i onained o e ae iai ee 
174 ia e al., 1 ano 1 oneo and 
odoi 17 oe an 20 a ae eaing o 
e oioi-eaed aid oani aa e al.,
13. een o ae eoed iai age o 
oe o e aeiona i in noeno ie 
ae e al., 2014 ggeing a geneaion o 
an aeiona edge a e e o dion 
o an oeani ae a e oninena agin a an 

ongoing oe a ea ni e iai and did 
no o io o e aonieo a i a een 
ooed eoe aada e al., 1

e dieene in e agai od a 
o ide o e ndean ange ae  ioan 
and a o ie diin aen o ioei 
eoion ding e iai. n e oninena 
ineio eing o e ioee inded a 
anaei de o aen o e aenoei ane 
geneaing e deeoed -oiened deoene 
a aoodaed e i deoaion aei 
17 aa e al., 2003 iaiagi e al., 2011. 
e geoeia and eoogia aaeii 
o e oani and oni o  died in i 
ae ong gge a e ee geneaed in a 
dion eing and e dion a a onino 
oe a geneaed o o e agai in e 
a egion ig. a.

7.3. Permian to Triassic margin architecture in 
the studied segment

en og eidene oing e idea a 
oninena agin a eed o aie dion 
o an oeani ae ding e iai ae een 
oeed o eoog and geoei e 
aiee o e a-dion one i i 
ndeeined. e ano de ooae ed ae 
een ineeed a oea agai oed 
ding e eian eae o ei oaion oe 
o e oea aeiona i eie e al.,
201. ien e ee and ooiion o e 
anoin and oa oni oee oae 
gained ain ganodioii o onaii ioie and 
onende-eaing inie e an e ineeed 
a eeenaie o e oo o an aie oninena 
agai a deeoed o e eian o e 
idde iai ie e al., 15 ie 13 
ine 2010. e iai anao ono and ao 
ano oaion od en eeen aoe 
a o e a egion and e an i oaion 
od eeen a oia oea ain a a 
aie a ea ni e a iai. o ni 
ae ooed o oii oani o iia 
in ee and ooiion o e dion-eaed 
ioene o een aid oani eaed in e 
ae egen o e ndean a a and odoi 
2001 2002 a e al., 2013.

e a ooa oaion on e oe and i 
ooed o oe ndieeniaed oani and 
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eied o e oian-aeian aog i i 
eain e dion-eaed geoeia and 
eoogia ignae. ing e e iai 
oni odie i aaine o iin ae ainiie 
ee inded a agna ao ooado 
enoganie onegande ganie. e daa 
eened in i d indiae a ee ni ao 
ae e geoeia ignae o a aga  
aong i e a ooa oaion e oie 
e ie ae io o e eaien o e a 
a e oaa odiea ding e eangian 
odoi and ao 1 aada e al., 1 
ig. . e i e o e e-non ea 
ndean a ae eeened  e a ega oaion 
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. . ooed eoni eing o e iai agai a 2-3015  in e o eian agin.

and i eiaen oge and aeo 
1 ioia e al., 10 ioia 14 
 gien e ignae o e oaa odiea 
oni odie died in i o e a 
ae een e e o e eaie a aii in 
e een-da oaa egion. eoe een 
die ae eoed aeian oani in e 
oaa odiea a 20-22  eeda e al.,
2014. ange in e geoe o e ded 
ioee o in eoni ondiion o e e 
ae a ae inded i in e a o o 
e ona odiea o e oaa odiea 
 e eie iing an oigin o  iing 
i e nnon.
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8. Concluding remarks

e iai agai a e een-da 
oaa and ona odiea eeen 200 
and 230  i ain eeened  oni ni 
oiing onaii o onoganie o i 
ae enoganie and oe ai o  a 
gao and dioie o i e oa oni 
oe i e oeia o ioan. 
Voani eene ae oe eied  no 
noon and e ae ooed o o anging 
o aa o oie eing oe andan e 
dieeniaed o.

e eian o ai o ae eoogia 
and geoeia aaeii ia o -
dion-eaed aga: a-aaine o oani a 
ganie ainiie ai daed inea a ao 
onien o e o ig oii ee 
in e oani agneie a e ain e-i oide 
inea ae eai enien o  e 
 en oaed o iiie ane andane 
and -a og. og aaine agai o 
iin ae ainiie i ao ond i i igniian 
oe eied in e o oa oe and aea 
diiion and nie o e eeenaie o e 
ain iai agai een.

e deaied aiee o e ndean agin 
o e eian o e iai i eaie nnon. 
e anon and oa oni oee 
od eeen e oo o a agai a dee-
oed o e eian o e idde o ea ae 
iai eea e anao ono and ao 
ano oaion od e e aoe a 
o e oani a. e an i oaion ie 
eeen a oea ain deeoed ogo e 
iai. e a ooa oaion and oe inie 
ni a a ae ig inaae o aniiona 
geoeia ignae ae od o a agai 
deeoed iediae eoe e eaien o 
e agai a in e een-da oaa odiea 
i oo ae a oe ie ding e aeian 
o a ai.
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